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CHAPTER  I 

ENGINEERING  ECONOMICS 

This  chapter  takes  up  briefly  some  of  the  principles  and  applications  of 
engineering  economics.  Further  matter  on  this  subject  is  given  in  Section  I 
of  the  "Handbook  of  Cost  Data**  by  Gillette,  which  contains  112  pages 
dealing  with  the  principles  of  engineering  economics  and  cost  keeping;  atid 
Chapter  I  of  the  "Handbook  of  Mechanical  and  Electrical  Cost  Data"  by 
Gillette  and  Dana,  which  contains  81  pages  on  general  economic  principles. 
"  Construction  Cost  Keeping  and  Management "  by  Gillette  and  Dana  deals 
at  greater  length  with  the  particular  phases  of  engineering  economics  indicated 
by  the  book's  title. 

Engineering  is  the  systematic  apphcation  of  science  to  problems  of  economic 
production  and  service.  The  engineer's  ultimate  aim,  therefore,  is  to  effect 
a  desired  result  at  a  minimum  cost  and  maximum  profit.  To  this  end,  where 
It  is  feasible,  the  engineer  should  formulate  a  unit  cost  equation  in  which  all 
dependent  variables  and  constants  are  included,  and  he  should  then  solve  for  a 
TTihiiTniTfTi  unit  cost.  But  whether  he  is  able  to  employ  this  ideal  method  or 
must  use  cruder  methods,  he  must  eventually  express  all  the  items  in  terms  of 
money. 

Put  differently,  every  economic  problem  resolves  itself  into  the  determina- 
lion  of  quantities  to  which  unit  prices  are  applied.  No  economic  problem 
can  be  solved  merely  by  the  use  of  quaUtative  terms ;  yet  many  a  poor  reasoner 
attempts  to  solve  the  most  complex  of  economic  problems  without  the  use  of 
a  single  item  to  which  a  definite  cost  is  assignable.  Volubility  Is  vainly 
made  to  serve  instead  of  valuation. 

Imperfect  Cost  Data. — The  term  data  is  coming  more  and  more  to  designate 
statistical  facts  rather  than  quaUtative  facts.  Cost  data  are  obviously 
essential  in  solving  economic  problwns.  Yet  there  still  exists  a  prejudice 
against  published  cost  data.  If,  however,  each  engineer  were  to  rely  solely 
on  cost  data  gathered  by  his  own  meager  pickings  from  his  own  little  crab' 
apple  tree  of  experience,  economic  progress  would  be  debidedly  restricted. 
Accordingly  each  year  witnesses  more  complete  and  detailed  publication  of 
costs  in  most  lines  of  engineering  work.  It  is  true  that  many  of  the  cost  data 
are  incomplete,  or  insufficiently  explained,  and  are  therefore  apt  to  be  mis- 
leading. It  is  also  true  that  a  man  entirely  inexperienced  in  the  use  of  cost 
data  may  misinterpret  even  the  most  complete  data.  But  neither  the  deficit- 
in  published  data  nor  defective  reasoning  in  their  application  should 
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serve  as  an  argument  for  restricting  the  publication  of  such  informatioii. 
In  spite  of  the  risk  of  misuse,  "a  half -loaf  is  better  than  none."  Moreover 
a  half-loaf  of  knowledge  on  a  given  subject  is  almost  universally  the  precursor 
of  a  full  loaf. 

Prxce»  and  Coats. — Price  is  the  quantity  of  money  exchanged  for  property 
or  service.  Coat  is  usually,  but  not  necessarily,  expressed  in  terms  of  money, 
and,  when  so  expressed,  means  the  money  outlay  and  debits  incurred  in. 
securing  property  or  service.  Cost  may  also  be  expressed,  at  least  partly, 
in  terms  of  hours  or  days  of  labor  required  to  produce  a  given  eonunodity  or 
service.  But  as  materials  that  have  been  purchased  usually  enter  into  tlie 
cost  of  a  product,  and  as  the  labor  upon  those  materials  is  often  unascertain- 
able,  the  known  labor-cost  of  product  is  rarely  all  the  cost.  The  labor- 
cost  of  a  product  may  be  given  in  hours  or  days  of  labor  expended  upon  it. 
The  materials-cost  of  a  product  may  likewise  be  expressed  in  units  of  eacli 
kind  of  materials  used. 

Although  the  money-cost  of  reproducing  a  given  product  or  service  v&ry 
with  current  prices  and  current  wage  rates,  the  labor-costs  and  the  materials- 
costs  of  the  given  product  may  remain  the  same  in  different  localities  and  in 
the  same  locality  at  different  times.  Indeed,  unless  methods  of  construction 
or  machines  change,  the  average  labor-cost  and  materials-cost  per  unit  of  pro- 
ducts or  service  may  remain  practically  unchanged  for  a  generation.  When 
this  is  the  case  the  present  cost  of  reproducing  a  given  product  is  ascertain- 
able by  multiplying  the  old  labor-cost  and  material-cost  by  the  present  rates  of 
wages  and  present  prices  of  materials.  In  other  words  old  money-costs  can 
often  be  converted  into  present  money-costs  by  the  use  of  a  little  knowledge 
of  prices,  wages  and  arithmetic. 

The  Uaefttlneaa  of  Old  Coat  Data. — Obvious  as  all  that  has  just  been  said 
may  appear,  nevertheless  there  continues  to  be  some  criticism  of  "old", 
cost  data.     It  is  clear,  however,  that  part  of  this  criticism  springs  from  failure 
to  distinguish  between  prices  and  costs.     Part  of  the  criticism  springs  from 
belief  in  a  false  generalization  which  usually  takes  some  such  form  as  this: 
*'  Modem  progress  is  so  rapid  that  cost  data  ten  years  old  are  inapplicable." 
We  are  rather  proud  of  our  industrial  progress,  and  our  pride  has  perhaps 
concealed  from  us  how  slow  that  progress  really  is.    In  Chapter  II  it  is  shown 
that  during  the  years  1900  to  1919  there  was  practically  no  increase  in  per 
capita  productivity  in  America.    Prior  to  1900  the  annual  increase  had 
averaged  about   1.5  per  cent  for  40  years.     Surely  this  is  not  startlingly 
great  industrial  progress  even  at  the  best  period.     In  the  face  of  such  facts 
what  becomes  of  any  sweeping  assertion  that  modem  progress  makes  useless 
all  cost  data  that  are  ten  years  old? 

When  a  generalization  is  shown  to  be  false,  it  is  not  only  natural  but  proper 
to  narrow  it  so  as  to  make  it  convey  truth  of  a  more  limited  sort.  Hence  the 
attempt  may  be  made  to  qualify  the  generalization  by  confining  it  to  the 
construction  fi^d.  At  first  sight  it  does  look  plausible  to  say  that  construc- 
tion methods  and  machines  are  revolutionized  every  ten  years  or  so;  but  a 
little  study  of  engineering  literature  shows  that  even  this  qualified  generaliza- 
tion needs  further  qualification.  There  are  countless  instances  of  present  use 
of  very  ancient  tools  and  methods  in  construction  work.  The  pick,  the 
shovel,  the  cart,  the  wheelbarrow,  the  saw,  the  adz,  the  ax,  the  hammer,  the 
block  and  tackle,  the  inclined  plane,  the  lever  and  an  almost  endless  list  of 
primative  tools  still  find  an  economic  use,  and  most  of  them  probably  always 
will  find  such  use. 
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The  introductkni  of  the  method  at  chuting  concrete,  and  of  suitable  new 
devioes  for  chuting  it  long  distances,  is  scarcely  a  decade  old.  But  concrete 
is  still  handled  in  ways  and  by  devices  that  are  several  decades  old.  Are  we 
not  apt  to  be  so  blinded  by  the  latest  devices  as  to  ignore  the  fact  that  many  of 
the  oldest  still  have  special  fields  of  usefulness  7  A  study  of  engineering  litera- 
ture convinces  me  that  we  are.  Mere  age,  therefore,  is  not  a  sound  reason 
for  not  studying  <M  cost  data.  Frequently  the  best  articles  on  methods  and 
costs  of  construction  of  a  given  kind  are  the  articles  published  20  years  or 
more  ago. 

Often  an  old  article  fails  to  give  rates  of  wages,  but  gives  the  unit  cost  of 
labor.  In  such  cases,  the  reader  may  still  find  the  old  data  useful  if  be  knows 
appnndniately  the  prevailing  rates  of  wages  at  the  time  the  old  data  were 
gattmed.  Aocordin^y  I  have  left  imchanged  in  every  case,  the  rates  of 
wages  that  were  actually  paid,  so  that  the  reader  can,  by  searching  this'  book 
and  the  Handbo6k  of  Cost  Data,  acquire  a  knowledge  of  what  were  the  pre- 
vailing wages  for  different  kinds  of  labor  at  different  times  and  places.  In 
order  further  to  increase  the  reader's  knowledge  of  wage  rates,  I  have  made  a 
study  at  "wage  indexes"  for  the  past  80  years.  This  study,  together  with  a 
fOTxnula  for  "wage  levels,"  will  be  found  in  Chapter  II. 

For  a  similar  reascm  I  have  also  given  prices  of  materials  and  "commodity 
price  levels,"  togeth^  with  a  formula  for  "price  levels." 

Efficiency  cu  Affecting  C^ets.-^DuTlTig  periods  of  rapidly  rising  wage  rates, 
employees  tend  to  become  less  efficient.  This  springs  from  the  fact  that 
employem  are  bidding  for  employees  to  such  an  ext^it  that  employees  take 
advantage  of  conditions.  Hence,  during  the  recent  war  there  was  a  falling 
off  in  labor  efficiency.  But  labor  efficiency  has  returned  again  to  normal.  It 
follows  that  costs  oi  work  done  during  the  years  1916  to  1920  inclusive  are 
not  so  reliable  as  prior  thereto,  because  of  the  unknown  extent  to  which  labor 
eiBciency  was  below  normal  during  those  Ave  years. 

Bngiaeering  Economics. — The  following  reprint  in  Engineering  and 
Contracting,  May  30,  1917,  is  from  a  series  of  lectures  delivered  before 
the  students  of  the  School  of  Engineering,  University  of  Kansas,  by  J.  A. 
L.  WaddeU. 

Oeneral  Features  of  Engineering  Bconomice. — When  determining,  from  the 
8tuidp<^t  at  economy,  which  to  the  best  of  a  number  of  proposed  construc- 
tions or  machines,  one  should  compute  for  each  case  the  touY  following  quanti- 
ties, and  th^  sums: 

A.  The  annual  expense  for  operation. 

B.  The  average  annual  cost  of  repairs. 

C.  The  average  annual  cost  of  renewals. 

D.  The  annual  interest  on  the  money  invested. 

That  one  for  which  this  sum  is  least  is  the  most  economic  of  all  the  proposed 
oonstructicms  or  machines;  but  this  statement  is  truly  correct  only  ivhen  the 
costs  of  operation,  repairs,  and  renewals  are  averaged  over  a  long  term  of 
years;  or  ^se,  for  a  comparatively  short  period  of  time,  when  the  conditions 
in  respect  to  wear  and  deterioration  at  the  end  of  that  period  are  practically 
tiie  same  for  an  cases. 

The  principal  economic  investigation  that  occurs  in  engineering  practice 
is  that  of  determining  the  financial  excellence  of  a  proposed  enterprise.  It 
coosists  in  showing  by  prox)er  calculations  its  first  cost,  the  probable  total 
msoal  expense  of  maintenance,  repairs,  operation,  imd  interest,  the  advisable 
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allowance  for  deterioraticm  or  ultimate  replacement,  the  probable  gross 
income,  and  the  resulting  net  income  that  can  be  used  in  paying  divldeiHls 
on  the  stock  or  other  profits  to  the  promoters.  Whether  any  proposed  enter- 
prise, after  being  thus  figured,  will  prove  profitable  will  depend  greatly  on  the 
state  of  the  money  market,  the  size  of  the  project,  the  probabilities  of  future 
changes  in  governing  conditions,  and  the  personal  equation  of  the  investor. 
Generally  speaking,  if  the  computed  net  annual  profits  on  the  total  cost  of 
the  investment  (over  and  above  all  expenses  of  every  kind,  including  main- 
tenance, repairs,  operation,  sinking  fimd,  and  interest  on  all  borrowed  capital) 
do  not  exceed  5  per  cent  of  the  said  total  cost,  the  project  is  not  attractive; 
if  it  be  as  high  as  10  per  cent,  the  enterprise  is  deemed  ordinarily  good ;  and  if 
it  be  15  per  cent  or  more  the  scheme  is  termed  "  gilt-edged."  Small  projects 
necessitate  greater  probable  percentages  of  net  earnings  than  do  large  ones; 
and  any  possibility  of  a  future  reduction  oi  income  will  call  for  a  high  estimate 
of  net  earning  capacity.  Finally,  the  measure  of  individual  greed  on  the  part 
of  the  investor  will  be  found  to  be  an  important  factor  in  the  determination 
of  the  attractiveness  of  any  suggested  enterprise. 

Such  investigations  as  the  economics  of  an  important  project  should  gener- 
ally be  entrusted  only  to  engineers  experienced  in  the  line  of  activity  to  which 
the  said  project  properly  belongs;  for  if  they  be  left  to  inexperienced  investi- 
gators, it  is  more  than  likely  that  mistakes  will  be  made  and  money  lost  in 
consequence.  The  professional  men  who  generally  do  such  work  are  the 
indei>endent  consulting  engineers;  certain  specialists  retained  on  salary  solely 
for  this  purpose  by  important  organizations,  such  as  railroad  companies; 
and  engineers  who  are  r^ularly  in  the  employ  of  large  banking  houses.  The 
work  involved  is  of  such  importance  that  it  usually  commands  large  compen- 
sation— as,  indeed,  it  should;  because  to  do  it  ^ectively  Remands  not  only 
long  experience  but  also  good  judgment  and  a  vast  amoimt  of  mental  labor, 
both  in  order  to  make  oneself  capable  in  general  and  so  as  to  con- 
sider thoroughly  ail  the  points  embraced  by  the  special  problem  in  hand. 

This  fundamental  economic  problem  is  often  one  of  extreme  complica- 
tion, involving,  perhaps,  a  determination  of  the  character  of  the  pro- 
posed improvement,  a  choice  of  sites  or  routes,  a  selection  of  uses,  a  con- 
sideration of  esthetics,  an  option  on  type  or  style  of  construction,  a  question 
of  ultimate  durability,  a  study  of  greatest  possible  convenience,  a  prevision 
of  serious  opposition,  a  prognosticiation  of  future  conditions,  an  anticipation 
of  prospective  structural  modifications,  and  a  safe  estimate  of  cost. 


General  Features  of  Economics  op  Design  and  Construction 

Anticipating  the  Future. — In  all  engineering  work  of  both  designing  and 
construction,  true  economy  necessitates  a  thorough  consideration  of  future 
requirements  and  possible  eventualities,  also  a  provision  for  meeting  the 
same.  For  instance,  in  designing  a  structure  one  should  consider  possible 
future  additions  of  loading  and  how  to  accommodate  them;  and  in  construc- 
tion one  should  anticipate  delays,  floods,  storms,  and  other  possible  difficulties, 
and  should  prepare  his  programme  so  as  to  meet  them  effectively  and  without 
any  unnecessary  expenditure  of  time,  labor,  or  money.  Foresight  of  this 
kind  is  an  important  element  of  success  in  the  career  of  every  engineer. 

SystemizcUion. — Quoting  from  the  speaker's  treatise  on  "Bridge  Engineer- 
ing," "  The  systemization  of  all  that  one  does  in  connection  with  his  profe^- 
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sional  work  is  one  of  the  most  important  steps  that  can  be  taken  towards  the 
attainment  of  success.'*  Moreover,  it  is  one  of  the  fundamental  elements 
of  economics  in  all  lines  of  work. 

Time  Versus  Material. — Some  designers  in  their  endeavor  to  save  a  small 
amount  of  material  expend  a  large  amount  <rf  time,  not  only  of  their  own  but 
also  of  other  people's,  which  time  when  properly  evaluated  is  often  greatly 
in  excess  of  the  cost  erf  the  material  saved.  Such  economy  as  this  is  ftUse; 
and  its  practice  is  unscientific 

Labor  Versus  Maierial. — Similarly  some  designers  in  an  endeavor  to  cut 
down  quantities  in  their  structures  increase  the  labor  thereon  to  such  an 
extent  that  the  material  saved  is  worth  only  a  small  portion  of  the  value  of  the 
extra  labor  expended.  For  instance,  if  one  were  to  make  a  small  pier  hollow, 
the  concrete  thus  saved  would  not  be  worth  anything  like  as  much  as  the 
cost  of  the  forms  required  to  construct  the  hollow  space. 

Recording  Diagrams. — The  study  of  economics  is  greatly  facilitated  by  the 
use  erf  diagrams  that  record  quantities  of  materials,  costs  of  construction, 
times  of  operation,  etc.,  for  varying  conditions.  In  general,  it  may  be  stated 
that  American  engineers  do  not  use  graphics  for  studying  economics  to  the 
extent  which  is  advisable;  and  that  in  this  they  might  learn  something  from 
their    European  brethren. 

Economics  of  Mental  Effort. — ^Almost  nothing  concerning  this  important 
subject  is  taught  in  our  technical  schools;  and  but  little  is  known  about  it  by 
practicing  engineers.  To  be  a  truly  successful  engineer,  one  has  need  to  study 
deeply  the  matter  of  how  best  and  most  economically  to  utilize  his  mental 
forces;  how  to  accomplish  the  greatest  amount  of  work  with  the  smallest 
expenditure  of  effort;  how  many  hours  of  work  per  day  for  long-continued 
labor  will  effect  the  largest  accomplishment;  to  what  extent  men  in  various 
lines  d  activity  should  take  vacations,  and  how  these  should  be  spent; 
what  are  the  effects  upon  one's  working  capacity  from  the  use  of  liquor  and 
tobacco  in  both  small  and  large  quantities,  etc.  All  these  are  economic 
questimis  of  great  importance;  and  they  need  to  be  given  proi)er  attention 
by  eveiy  engineer  who  aspires  to  efficiency  in  both  himself  and  his  employes. 

Again,  the  development  of  the  faculty  of  concentration  is  an  economic 
consideration  of  much  importance. 

Economics  in  Office  Practice. — There  are  many  conditions  in  ordinary  office 
practice  that  are  susceptible  of  c(msiderable  improvement  from  the  economic 
point  of  view — ^for  instance,  unnecessary  conversation,  useless  duplication 
(rf  labor,  and  lack  of  proi>er  checking;  but  this  matter  is  too  complicated  and 
lengthy  to  warrant  more  than  mere  mention  in  a  lecture  of  this  kind. 

Economics  of  Manufm^twe. — This  is  a  subject  of  such  complication  and 
exteat  that  it  can  merely  be  mentioned  here;  for  upon  it  a  large  treatise 
might  readily  be  written.  It  will  suffice  to  say  that  the  prime  requisites  are 
the  prompt  furnishing  at  all  times  of  materials  and  tools;  the  keeping  on 
hand  of  spare  parts  of  machinery  which  are  liable  to  breakage  or  wear;  the 
proper  upkeep  of  all  machinery  and  apparatus;  the  systematic  arrangement  for 
carrying  work  through  the  shops,  preferably  always  in  one  direction;  the 
avoidance  of  duplication  of  labor;  the  prevention  of  errors,  and  the  speed, 
correction  of  those  which  unavoidably  occur;  the  development  of  individual 
^Bciency  in  all  employes;  the  maintenance  of  a  contented  spirit  among  the 
workmen ;  and  the  constant  and  intelligent  supervision  of  ail  work. 

Economies  of  Construction. — This  subject  like  the  one  last  discussed  is  of 
great  complication,  and  in  general  principles  the  two  have  much  in  common. 
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For  instance,  .there  should  be  prepared  for  each  piece  of  construction 
elaborate  programme,  indicating  the  various  steps  to  be  taken  Mid  how  the 
work  should  be  carried  out.  Diagrams  in  this  connection  are  most  useful. 
Again,  there  should  be  prepared  a  time-schedule  for  the  completion  of  the 
various  divisions  of  the  work;  and  this  should  invariably  be  lived  up  to  when 
it  is  possible. 

There  should  be  a  pre-arranged  schedule  for  the  furnishing  <ji  all  materials 
and  supplies;  adequate  means  for  the  transportation  thereof  should  be  pro- 
vided; the  worlanen  should  be  well  housed  and  fed;  and  should  be  made  com- 
fortable and  contented ;  disagreements  between  heads  of  departments  should 
be  prevented;  all  possible  difficulties  should  be  anticipated,  and  means  should 
be  at  hand  to  meet  and  overcome  them;  ample  funds  should  be  provided 
for  paying  promptly  all  bills  for  labor  and  materials;  liquor  should  be  kept 
away  from  the  workmen;  and  strike  organizers  and  other  troublescune  people 
should  be  run  off  the  job. 

All  these  matters  are  directly  concerned  with  the  economics  of  construction. 

Labor. — The  scientific  handling  of  labor  is  an  economic  prolem  of  the 
utmost  importance,  and  a  treatise  could  well  be  written  on  the  subject.  The 
principal  desideratum  is  to  keep  the  worlunen  well,  happy,  and  contented;  and 
the  best  ways  to  do  this  are  to  treat  them  kindly,  make  them  comfortable, 
feed  and  house  them  well,  amuse  them  in  their  spare  time,  don't  work  them 
too  long  hours,  pay  them  by  piece-work  when  practicable,  listen  patiently  to 
their  complaints,  right  their  wrongs,  see  that  they  are  well  taken  care  of 
when  they  are  ill  or  injured,  and  evolve,  if  possible,  some  feasible  method  of 
sharing  profits  with  them.  On  the  other  hand,  though,  drive  them  hard  and 
continuously  during  working  hours,  insist  upon  their  putting  in  overtime 
when  the  conditions  truly  require  it,  discharge  instantly  all  insubordinate  or 
otherwise  troublesome  men,  dispense  quietly  with  the  services  of  all  shirk- 
ers, and  insist  that  everybody  put  forth  his  best  and  most  intelligent  effort 
to  effect  the  maximum  of  accomplishment  in  the  minimum  of  time. 

Waste. — In  all  lines  of  activity  the  avoidance  of  waste  or  extravagance  and 
the  utilization  of  by-products  are  today  burning  questions;  and  upbn  their 
proper  solution  by  American  scientists  will  depend  greatly  the  success  of 
our  country  in  its  commercial  struggle  with  the  nations  of  Europe  and  Asia. 
This  statement  is  just  as  true  concerning  engineering  as  it  is  (rf  any  other 
activity;  and  it  is  encouraging  to  see  that  a  number  of  our  leading  technical 
institutions  are  inaugurating  research  departments  for  the  furtherance  of  this 
object. 

Efficiency  Experts. — A  very  new  type  of  specialist  in  engineering  is  the 
efficiency  expert — the  man  who  takes  hold  of  moribimd  factories  and  other 
decajring  enterprises,  studies  them  thoroughly  so  as  to  determine  the  raison 
d'etre  for  their  decline,  evolves  the  proper  remedies  for  their  troubles,  puts 
them  again  upon  their  feet,  and  starts  them  upon  the  high  road  to  success.  It 
is  mainly  in  little  matters,  apparently  of  small  importance,  that  such  concerns 
fail;  and  it  requires  a  high  development  of  unusual  talent  in  an  engineer  to 
become  a  truly  successful  efficiency  expert.  Such  work  as  his  no  one  can  deny 
being  "engineering  economics"  in  the  truest  sense  of  the  term;  and  the 
specialty  is  surely  destined  to  become  more  and  more  popular  and  important 
as  the  years  pass  by. 

The  Art  of  Making  Rapid  and  Reliable  Preliminary  Estimates  of  Cost. — 
Allen  Hazen  gives  the  following  in  Engineering  and  Contracting,  March  18, 
1914.    Estimating  the  cost  of  constructing  proposed  or  existing  structures 


may  be  in  tbe  nature  of  detafled  ertimatea  when  full  plans  and  quantity  schedulo 
■re  available.  More  oTteti  they  are  In  the  nature  of  pretimlnaiy  esttmates 
because  such  detailed  Intormatiou  and  cosl  are  not  available.  Prellmloary 
Ktlmataa  made  In  this  w&y  ant  conunoiilf  subject  to  comparieon  with  like 
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estimates  made  by  engineers  representing  the  other  party  to  the  transaction* 
and  it  is  frequently  necessary  to  harmonize  such  estimates  by  arbitration  or 
otherwise.  If  they  are  presented  as  evidence  in  court  the  engineers  who 
made  them  must  support  them  through  a  searching  cross-examination.  The 
criticism  of  preliminary  estimates  made  in  this  way  is  likely  to  be  more  search- 
ing than  that  of  estimates  made  in  the  ordinary  course  of  business,  where  the 
estimates  are  made  for  the  purpose  of  construction  and  comparison  only. 
For  this  reason  the  experience  gained  in  valuing  properties  for  the  puri>ose 
of  sale  and  in  condemnation  cases  is  more  useful  than  any  other  experience 
that  an  engineer  can  have  in  trai^ung  him  in  the  first  elements  of  soimd  proce- 
dure in  making  preliminary  estimates. 

Methods  of  Comparison. — The  problem  presented  in  making  preliminary 
estimates  is  this:  given  the  final  estimates  of  a  certain  number  of  works,  more 
or  less  comparable  to  the  one  pr(^)osed,  and  a  general  outline  of  the  works  for 
which  an  estimate  is  to  be  made  to  find  the  probable  fair  reasonable  cost  of 
construction  of  the  proposed  works.  The  general  procedure  is  to  find  the 
elements  of  cost  in  the  work  that  is  to  be  carried  out,  and  thie  actual  cost  of 
those  elements  in  the  works  for  which  final  estimates  are  available,  and  to 
apply  .the  latter  to  the  former.  In  doing  this  all  known  differences  that  would 
affect,  to  an  important  extent,  the  probable  cost  of  the  work,  must  be  taken 
into  account  and  allowed  for  to  the  best  of  the  estimator's  ability. 

Basis  of  Estimate. — ^An  estimate  may  be  said  to  be  low,  fair,  or  liberal, 
according  to  the  methods  used  in  making  it.  A  fair  estimate  may  be  defined 
as  one  such  that  with  the  work  carried  out  in  a  business-like  way  under  average 
conditions,  there  is  somewhat  more  than  an  even  chance  that  the  work  could 
be  completed  within  the  estimate.  In  the  case  of  structures  of  types  that 
have  been  built  frequently,  and  <rf  which  the  elements  of  cost  have  been  well 
determined,  experience  indicates  that  it  is  possible  in  most  cases  to  approxi- 
mate, in  preliminary  estimates,  the  cost  of  new  structures  within  10  per  cent 
of  the  actual  cost.  With  such  structures  a  fair  estimate  would  be  somewhere 
between  the  most  probable  cost  and  10  i>er  cent  more  than  this,  or,  in  a  general 
way,  6  per  cent  above  the  most  probable  cost.  With  an  estimate  made  in 
this  way,  it  should  be  possible  to  keep  the  actual  cost  of  construction  within 
the  estimate  three  times  out  of  four,  and  this  is  figuring  as  closely  as  an  engineer 
can  be  expected  to  do. 

In  the  case  of  structures  of  greater  novelty,  or  structures  involving  unde- 
termined underground  conditions,  greater  fluctuations  must  be  anticipated 
and  the  above-mentioned  percentages  should  be  increased. 

Erroneous  Methods  of  Reaching  Estimates. — In  a  valuation  proceeding,  it 
Is  frequently  surprising  that  reputable  engineers  will  present  on  different 
sides,  estimates  differing  so  much  for  the  same  item.  These  differences  must 
frequently  grow  out  of  the  use  of  erroneous  methods  of  procedure  by  the 
respective  engineers.  It  may  be  well,  therefore,  to  consider  some  of  the  com- 
monest methods  that  are  erroneous,  and  to  point  out  the  reasons  why  they 
should  not  be  used. 

The  Contract  Price  Method. — The  columns  (rf  the  technical  journals  contain 
a  record  of  the  prices  at  which  many  contracts  are  awarded.  By  going 
through  these  columns  and  selecting  the  low  bids  and  applying  them  to 
the  proposed  woric,  an  estimate  may  be  prepared  which  will  probably  be 
much  below  a  fair  estimate  for  the  work.  Among  the  reasons  that  it  would 
probably  be  low  are  the  following: 

First,  many  ot  the  low  bidders  have  underestimated  the  difficulties  to  the 


tte  result  ttiBt  too  low  a  taai  flgure  will  be  reamed,  in  order  to  prevent 
both  of  tbese  ccndltionB  It  la  trequenti;  best,  In  preparing  preliminary  eatl- 
niata.  to  take  only  a  limited  niimber  at  the  main  Itema  of  work  that  are 
brtivai  In  the  kind  of  ctxistructfoa  (bat  Is  contemplated,  and  to  wetgbt  tbe 
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unit  prices  for  th^n  in  siich  a  way  that  they  will  include  the  whcte  cost  of  all 
the  incidental  items  naturally  associated  with  them. 

In  proceeding  in  this  way  one  selects  first  the  items  that  are  to  be  used. 
These  items  should  be  so  selected  as  to  include  directly  the  major  part  of  the 
work.  The  final  estimates  that  are  to  be  used  as  a  basis  are  then  taken  for 
analysis.  The  whole  cost  of  the  work  represented  by  each  is  then  distributed 
among  selected  items.  Considerable  judgment  is  required  in  the  distributioa 
and  each  part  of  the  construction  should  be  included  with  the  item  to  which  it 
is  most  nearly  related.  The  most  important  point  is  that  every  dollar  spent 
should  be  charged  imder  some  one  of  the  selected  headings. 

The  sum  of  the  costs  reached  in  this  way,  divided  by  the  quantities  in  the 
final  estimate,  gives  new  unit  prices  which  are  weighted  to  indude  all  the 
minor  items.  Applying  these  unit  prices  to  the  main  items  oi  the  proposed 
work  gives  a  basis  for  preliminary  estimate. 

As  illustrations  of  these  methods,  take  the  case  of  pipe-laying.  The  trench- 
ing, the  lead,  the  cast  iron  pipe,  the  teaming  and  incidental  expenses  may  all 
be  represented  by  separate  items  in  the  final  estimate  that  serves  as  a  basis. 
These  can  obviously  be  cons9lidated  into  a  single  item  per  lineal  foot  of  pipe 
of  a  given  size.  In  this  process  the  price  for  pipe  is  w^hted  to  include  the 
other  expenses  that  naturally  go  with  it.  The  process  may  be  carried  further 
and  the  pipe  still  further  loaded  to  include  the  gates,  the  hydrants  and  all 
auxiliary  structures. 

In  a  similar  way  the  cost  of  the  reinforcing  and  of  the  forms  for  concrete 
construction  first  stated  as  separate  items,  may  be  consolidated,  and  all  the 
different  classes  of  concrete  may  be  brought  into  one  so  that  a  unit  price  for 
masonry  includes  reinforcing  and  forms,  and  all  the  appurtenances  that  go 
with  the  masonry  structures. 

In  estimating  the  cost  of  sand  filters  the  writer  has  for  years  divided  the 
whole  cost  of  the  construction  into  four  parts,  as  follows: 

(1)  Excavation  and  earth  work. 

(2)  Masonry. 

(3)  Filtering  materials. 

(4)  Piping  and  auxiliaries. 

The  cost  of  each  plant  built  worked  out  in  this  way  on  a  uniform  basis 
affords  a  basis  for  rapid  and  accurate  comparisons,  and  allows  the  data  to  be 
applied  in  making  preliminary  estimates  for  new  work  where  the  prime  condi- 
tions of  construction  are  known  with  comparatively  tittle  chance  of  large  error. 

Weighted  unit  prices  of  this  kind  must  be  carefully  obtained  and  can  only  be 
used  with  caution.  The  amount  of  weighting  must  always  be  kept  clearly  in 
mind  by  those  who  use  them.  When  properly  deduced  and  used,  they  afford 
an  extremely  useful  and  rapid  method  of  approximating  the  cost  of  many 
structures. 

The  Ratio  Method. — There  are  many  cases  where  the  system  of  weighted 
unit  prices  cannot  be  used  because  the  schedules  in  the  final  estimates  that 
serve  as  a  base  are  in  such  form  that  unit  prices  cannot  be  deduced  from  them. 
For  example,  there  are  many  cases  where  the  amount  and  character  of  work 
are  known  and  the  total  cost  of  the  work  is  known,  but  there  is  no  way  of 
sub-dividing  it  between  the  different  items.  To  compare  the  costs  of  different 
pieces  of  work  with  each  other,  and  to  get  a  basis  for  estimating  the  probable 
cost  ot  other  similar  work  is  then  much  more  difficult. 

A  method  of  reaching  an  approximate  and  useful  solution  of  this  problem 
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is  CDB  which  may  be  called  the  ratio  method.    A  schedule  is  made  of  a  limitcflf 
Bomber  of  items  of  work  which  represent  the  greater  part  of  the  construction 
in  the  several  cases.    A  simple  schedule  of  unit  prices  is  then  formed,  coi^ 
reBp<mding  to  the  units.    One  fixed  price  is  assumed  for  each  kind  of  work. 
The  price  assiuned  should  be  a  reasonable  one,  and  as  nearly  as  is  known  an  ayer- 
aee  one,  but  precision  is  not  to  be  expected  and  a  round  figure  may  alw^ays  be 
used.    The  amount  of  work  under  each  item  in  each  job  is  ascertained  and  the 
assumed  prices  are  applied  to  them.    The  sum  of  the  amounts  for  each  job 
rq>resents  what  that  job  would  have  cost  at  the  assumed  prices.    A  compari- 
son between  the  actual  cost  and  the  cost  at  the  assumed  prices  gives  an 
idea  of  the  relative  economy  of  the  work.    It  may  be  found,  for  example, 
that  one  piece  of  work  cost  20  per  c^it  more  than  the  amoimt  obtained  by 
applying  the  assumed   prices;  another  piece  of  work  cost  12  per  cent  more 
and  a  third,  7  per  cent  less.    When  the  records  of  a  number  of  known  pieces 
ot  work  are  compared  in  this  way  it  furnishes  a  basis  for  making  a  preliminary 
estimate  for  work  of  the  same  class.    In  doing  this  the  quantities  for  the  pro- 
posed work  are  ascertained,  the  base  prices  are  applied  to  them  and  a  ratio 
by  vi^ch  the  sum  so  reached  is  to  be  increased  or  diminished  is  ascertained 
by  ccmsideration  of  the  ratios  actually  found  to  have  been  obtained  in  the 
jobs  for  wliich  cost  records  are  at  hand. 

In  arriving  at  the  ratio  to  be  used,  the  engineer  will  compare,  perhaps  in  his 
mind  and  without  written  schedules,  the  ease  or  difElculty  al  the  proposed 
work  as  compared  with  the  ease  or  difficulty  of  the  various  works  which 
served  as  a  base;  will  take  into  account  differences  in  labor  conditions,  in 
freights  and  deliveries;  will  take  into  account  the  known  or  assumed  efficiency 
or  lack  of  efficiency  in  the  execution  of  the  several  pieces  of  work  from  which 
his  basic  data  were  derived,  and  will  reach  an  estimate  of  the  addition  or 
subtracticm  to  be  made  to  or  from  the  base  price  in  each  case. 

This  method  is  conmionly  combined  with  the  preceding.  That  is  to  say, 
the  base  prices  are  usually  loaded  prices. 

This  method  afFords  a  convenient  and  efficient  method  of  comparing  the 
relative  costs  of  different  works  where  the  loaded  imit  price  method  cannot  be 
applied  and  in  exi)erienced  hands  it  affords  a  rapid  and  reliable  method  of 
making  preliminary  estimates  upon  many  classes  of  structures. 

Extra  Cost  of  Novel  Designs- — Work  on  novel  designs  conmionly  costs 
more  than  work  following  standard  designs.  This  is  true  even  when  well 
tried  methods  are  first  introduced  in  new  places.  Such  work  may  be  too  small 
to  attract  bidders  from  a  distance.  The  imit  cost  will  then  overrun  antici- 
pated prices.  An  under  estimate  of  cost  is  frequently  made  on  work  because 
the  estimator  falls  to  realize  what  a  great  effect  familiarity  with  the  methods 
of  performing  "work  has  upon  the  cost.  To  realize  this,  one  has  but  to  think  of 
the  difference  between  present  methods  and  costs  of  building  tunnels  and  sub- 
ways and  deep  foundations,  and  the  methods  and  costs  of  cmly  15  or  20  years 
ago.  Not  only  is  the  risk  iK^ch  the  contractor  takes  now  less,  but  methods 
which  have  been  thoroughly  tried  out  are  at  his  disposal  as  well  as  experienced 
foremen  and  laborers  to  do  the  work  more  economically.  For  a  structure  of 
new  or  novel  design  much  caution  in  using  prices  that  may  be  standard  on 
other  Idnds  of  work  must  be  used. 

8maU  Jobs  Cost  More  in  Proportion  than  Large  Ones. — ^Another  common 
cause  of  under  estimating  costs  Is  the  use  of  figures  on  large  pieces  of  work  for 
estimating  small  work.  The  engineer  often  overlooks  the  large  cost  of  over- 
head charges,  the  waste  of  labor  and  the  cost  of  plant  caused  by  organizing  a 
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fttce  to  perform  a  small  piece  of  work.  He  too  often  forgets  that  for  small 
work  the  work  must  be  done  by  leas  efficient  methods  or  the  cost  of  plant 
prohibits  the  use  of  expensive  machines.  Perhaps  the  most  common  case  of 
such  underestimating  is  sphere  the  job,  although  a  large  one  in  the  aggregate, 
consists  of  many  small  pieces  of  work  of  widely  varied  character.  Such  a 
job  is  troublesome  and  costly  for  the  contractor  and  the  experienced  man 
knows  it  and  puts  in  a  corresponding  bid. 

It  must  be  remembered  that  bids  follow  the  law  of  supply  and  demand; 
that  general  slackness  in  construction  work  calls  out  bidders  and  low  prices. 
The  conditicxi  of  the  money  market,  the  cost  of  materials  and  the  general 
opinion  of  the  condition  of  contract  work  are  of  course  matters  of  much  impor- 
tance. It  seems  scarcely  necessary  to  say  that  the  engineer  should  know 
where  uid  how  the  contractor  is  to  obtain  his  materials  and  have  a  fairly 
definite  idea  of  the  cost  either  in  dollars  and  cents  or  as  a  comparative  figure  to 
other  work. 

The  engineer  in  estimating  should  try  to  look  at  the  work  from  the  stand- 
point of  the  contractor,  should  try  to  remember  that  no  work  runs  as  smoothly 
along  as  the  contractor  wishes,  that  labor  conditions  and  other  matters  often 
spoil  the  best  laid  plans.  He  should  endeavor  to  keep  in  mind  the  various 
work  he  has  watched  or  performed  and  the  numerous  times  when  unexpected 
conditions  added  largely  to  the  cost. 

Generally  speaking,  estimates  on  proposed  work  by  men  of  limited  expe- 
rience are  too  low,  yet  it  is  not  imusual  for  an  engineer  to  be  so  impressed 
with  the  difficulty  of  a  piece  of  work  that  he  overestimates  the  actual  cost 
and  it  is  more  common  to  find  that  he  has  overestimated  the  bids  of  the 
contractors. 

It  is  of  much  value  to  have  two  methods  of  arriving  at  estimates.  If  an 
independent  check  method  can  be  made  even  though  a  rough  one.  a  failure 
of  the  two  results  to  agree  often  leads  to  the  discovery  of  serious  errors  in  the 
application  of  one  or  the  other  method. 

Conditions  of  Success  in  Estimating. — One  of  the  first  requisites  for  success- 
ful estimating  is  a  fair  and  unprejudiced,  and  moderately  pessimistic  mind. 
The  estimator  must  be  alert  for  new  and  cheaper  processes  and  methods,  and 
conservatively  sceptical  concerning  their  merits.  Moreover  a  successful 
estimator  must  have  had  experience  in  actual  construction.  As  a  general 
rule  an  engineer  should  not  make  an  estimate  for  a  structure  that  he  would  not 
know  how  to  build. 

Next,  as  a  requisite  to  successful  estimating,  may  be  mentioned  a  broad 
basis  of  cost  records  of  actual  work,  more  or  less  similar  to  that  for  which 
estimates  are  to  be  made.  A  good  and  safe  method  of  using  the  cost  data 
and  adjusting  it  for  applicatioa  to  new  conditions  is  equally  impprtant. 
And,  finally,  the  estimator  must  have  the  will  to  refuse  to  make  estimates 
for  work  that  he  does  not  understand. 

Cost  Estimating;  A  Discussion  of  Principles  with  Actual  Estimates  for 
Contract  Work. — Engineering  and  Contracting,  July  14,  1909,  publishes  the 
following  by  J.  B.  Balcomb: 

General  Principles 

Engineers  rarely  make  a  success  of  cost  estimating.  The  same  may  be 
said  of  architects,  contractors  and  others,  to  all  of  whom  a  reliable  estimate 
Is  of  the  greatest  importance.    Many  even  go  so  far  as  to  assert  that  it  is 
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not  possible  to  do  it  satisfactorily.  Yet  it  must  needs  be  done,  therefore  the 
ability  may  be  attained  to  do  it;  provided  always,  that  it  is  imdertaken  with  a 
OMnidete  understanding,  not  alone  at  its  importance,  but  of  its  requirements 
and  limitations  as  well. 

Certain  characteristics  are  essoitial:  A  man  must  be,  (a)  a  logical  thinker, 
(b)  a  constructive  organizer;  he  must  have,  (a)  an  analytical  mind,  <b)  an 
active  imagination,  well  under  the  control  of  reason;  he  must  acquire,  (a)  the 
habit  of  fonning  definite  judgments  and  conclusions,  (b)  the  practice  of 
syst^natizing  on  paper. 

In  addition  to  these,  it  is  imperative  to  have  had  shop  or  field  ^cperienoe. 
preferably  both,  and  to  have  accmmulated  syst^natic  notes  and  records  of 
cost.  A  technical  education  is  of  advantage  and  some  designing  experience 
is  hdpful. 

If  one  is  to  follow  estimating  professionally,  as  an  architect,  estimator  or 
consulting  engineer,  his  practical  experience  should  be  broad  and  diver- 
sified. While  on  field  work  he  should  have  studied  methods  and  collaborated 
coBt  data;  both  for  future  use  in  estimating,  and  as  a  guide  in  using  information 
ocHniriled  by  others. 

In  such  records,  it  is  not  sufficient  that  quantities  of  work  and  their  cost 
be  giv^i:  he  should  note  the  rate  of  wages,  the  quality  of  work,  the  class  of 
labor,  the  conditions  regarding  weather  and  the  arrival  of  supplies  and 
materials,  as  well  as  ^)ecial  ccmditicms  either  favorable  or  imfavorable;  so 
that  in  using  this  data  he  may  be  able  to  form  a  rational  judgment  as  to  how 
nearly  other  work,  the  cost  of  which  he  is  called  upon  to  estimate,  will  be 
ooatroUed  by  like  conditions. 

As  an  illustration,  let  us  assume  that  one  is  recording  data  on  excavation. 
In  such  case  it  would  be  well  to  make  note  of  how  the  work  was  done;  whether 
with  (a)  steam  shovel,  (b)  locomotive  crane,  (c)  teams  and  wheelers,  (d) 
teams  uid  slips,  or,  (e)  men  with  picks  and  shovels;  whether  the  hauling 
was  done  with  (a)  locomotive  and  flat  cars,  (b)  dinkies  and  dump  cars,  (c) 
teams  and  patent  dumpers,  <d)  horses  with  carts,  or,  (e)  men  with  wheel- 
barrows; and  whether  it  was  loosened  by  (a)  men  with  piclcs,  (b)  teams  with 
Irtows  or  rooters,  or  (c)  blasting  with  dynamite  or  giant  powder. 

It  is  also  necessary  to  give:  (a)  character  of  excavated  material,  (b)  depth 
of  cut  and  height  of  fill,  (c)  lengrth  of  haul,  (d)  condition  of  roads  or  tracks,  and 
(e)  special  features  which  either  facilitated  or  hindered  progress. 

If  the  excavation  is  in  rock,  there  will  be,  in  addition,  (a)  method  of  drilling, 
(b)  method  of  blasting,  (c)  method  of  loading  and  imloading. 

There  are  other  combinations  than  those  suggested,  but  these  cover  the 
tisiial  methods  of  handling  earth.  While  no  other  form  of  construction  is 
susceptible  of  being  handled  in  so  many  different  ways,  yet  this  serves  admir- 
ably to  illustrate  how  meagre  are  the  usual  cost  data  as  given  in  the  period- 
icals or  technical  papers.  To  say  that  an  excavation  cost  40  cts.  per  cu.  yd. 
means  absolutely  nothing,  for  it  might  have  cost  anywhere  from  5  cts.  to  ^5, 
and  the  work  still  have  been  handled  to  the  best  advantage.  What  is  neces- 
sary, is  not  that  we  shcmld  know  one  or  two  but  all  of  the  above  conditions.' 

When  one  is  making  up  an  estimate,  he  should  know  the  relative  cost  of 
different  methods  of  operation  under  like  conditions.  Then  it  is  possible  to 
niect  the  most  economical  method,  and  having  determined  this,  to  estimate 
witii  a  fair  6egTee  of  probability  the  cost  of  the  proposed  work.  To  illustrate, 
where  the  haul  is  very  short  and  the  excavation  shallow,  buck  scrapers  or 
road  graders  are  often  used,  T^iOe  with  longer  haul  and  a  deeper  cut  it  is 
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advantageous  to  use  ^evating  graders  and  patent  dumpeis.  In  this  latter 
case,  teams  with  wheeL  or  drag  scrapers  may  be  better,  especially  if  the  soil  is 
sandy,  stony  or  filled  with  roots.  A  locomotive  crane  presupposes  a  railroad 
track  and  a  comparatively  short  haul,  whereas  a  steam  shovel  may  be  used 
with  an  engine  and  cars,  where  a' railroad  track  is  used  and  the  haul  is  long,  or 
with  teams  and  either  dump  wagons  or  scrapers.  If  the  Job  is  large,  so  that 
the  unit  cost  at  organizing  the  force  and  moving  the  plant  is  small,  it  is  a  safe 
rule  to  avoid  manual  labor  wherever  posMble.  The  work  is  always  recorded 
in  cubic  yards,  preferably  of  excavation  rather  than  of  fill.  This  one  kind  of 
construction  will  serve  to  illustrate  the  others,  the  chief  requisite  being  that  all 
conditions  aflfecting  the  cost  be  explicitly  stated. 

It  has  been  said  that  the  wise  business  man  never  ventures  on  a  course  of 
action  without  first  submitting  it  to  a  detailed  analysis  on  paper:  certain  it  is 
that  the  wise  estimator  never  prepares  a  bid  without  doing  so.  This  at 
course  does  not  apply  to  dwellings  or  other  structures  where  the  firm  has 
already  completed  one  or  more  similar  buildings  under  like  conditions.  In 
other  words,  a  detailed  and  itemized  estimate  is  never  presumed  to  be  under- 
taken where  identical  cost  data  is  available;  cases  of  identical  cfMistructi<m, 
however,  occur  far  less  frequently  than  is  gmerally  supposed. 

In  order  to  approximate  actual  costs,  it  is  imperative  for  an  estimator  to 
outline  a  complete  and  rational  plan  of  operation,  while  making  an  estimate. 
He  should  definitely  formulate  the  requirements  as  to  both  equipment 
and  men — ^how  much  and  what  kinds  at  machinery,  how  many  superin- 
tendents, engineers,  foremen,  timekeepers,  clerks,  mechanics  and  laborers. 
In  thus  mentally  organizing  his  force,  he  should  estimate  the  size  and  makeup 
of  each  gang,  and  the  time  required  for  dififerent  portions  of  the  work.  These 
should  be  correlated  as  to  th^  necessary  sequence,  both  as  regards  the 
disposition  of  the  working  force,  and  the  plant  employed  on  each.  That 
he  may  thus  plan  the  work  in  detail,  an  estimator  must  have  had  actual  field 
experience,  the  broader  the  better;  a  portion  at  the  time,  preferably,  spending 
his  own  money.  Few  estimators,  even  of  those  who  are  without  this  expe- 
rience, will  question  its  advantage. 

Although  his  plan  may  never  be  carried  out,  it  is  worth  while  to  have  it 
typewritten  as  a  guide  while  making  the  estimate.  Further,  it  will  be  helpful 
should  he  be  called  on  to  superintend  the  work  or  as  a  means  of  defending 
his  estimate,  in  case  of  excessive  costs. 

It  is  of  esi>ecial  importance  that  an  estimate  be  localized — adapted  to  the 
particular  work  in  hand  and  none  other — suiting  the  existing  conditions 
oolj,  because  made  for  them.  When  another  estimate  is  needed,  even  for 
similar  work,  take  this  one  to  pieces  and  build  it  up  again  in  accordance  with 
the  new  requirements  and  the  new  conditions.  If  a  job  is  of  sufficient  imp<M'- 
tance  to  demand  an  estimate,  it  is  worth  a  new  analysis,  an  individual  synthe- 
sis. This  does  not  mean  that  the  estimate  shall  be  elaborate;  if  the  work 
is  simple,  make  the  estimate  so,  but  make  it  definite  and  detaUed. 

The  chief  items  of  the  usual  estimate  consist  of  quotations  on  material  and 
freight  rates  from  the  factory  to  the  work — ^the  theoretical  cost  of  materials 
at  the  job.  Before  the  true  cost  of  materials  is  determined,  allowance  must 
be  made  for:  (a)  delays  in  shipment,  (b)  delays  in  transportation,  (c)  switching 
and  demurrage  charges,  (d)  unloading  and  storage,  (e)  hauling  and  reloading 
one  or  more  times,  (f)  shortage  and  broken  material,  (g)  wrong  shipments 
and  reordering. 

Even  then,  this  is  but  the  beginning  of  an  estimate,  and  the  least  difficult  part 


data  ol  dellteiy  onii  point  ol  Bhipmeiit.  Only  reliable  deslers  aDd  muiufKO- 
turen  should  be  asked  to  quote.  If  frtigbt  rates  are  not  included  nith  tbe 
quotstlooB,  tber  should  be  eecuied  from  transpoTltition  companlea. 

These  two  Items  tana  an  Imporluit,  but  by  tai  the  essleel.  part  of  an  eati- 
mMa.    Esduilve  of  »  Brni's  t^KilAUoa  l<x  fair  deoUng  and  piraupt  pay- 
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meat,  any  other  compaay  can  secure  as  favorable  figures;  consequently,  can 
bid  equally  low,  so  far  as  these  items  are  concerned.  The  opportunity  for 
difference  in  the  bids  of  two  contractors  must  lie  in  some  place  other  than  the 
cost  of  materials  and  the  transportation  charges.  Usually  it  is  to  be  found 
in  the  estimate  of  labor  or  in  the  question  of  profits.    . 

Existing  Conditions. — ^Aside  from  making  a  guess  at  the  labor  cost,  which 
is  by  no  means  uncommon,  the  matter  most  often  overlool^ed  or  ignored  is 
that  of  existing  conditions;  natural,  economic  and  l^^al.  In  forming  a 
judgment  regarding  natural  conditions,  the  following  matters  should  receive 
due  consideration:  (a)  amount  and  frequency  of  precipitation,  (b;  amount 
of  surface  water,  (c)  character  of  drainage,  (d)  depth  to  permanent  water 
level,  (e)  kind  of  soil,  (f)  size  and  depths  of  excavations,  (g)  disposition  of 
excavated  material,  (h)  length  of  time  pits  will  remain  open,  <i)  amount  of 
shoring  and  sheeting  required,  (j)  effect  of  climate  on  materials,  (k)  effect  of  • 
climate  on  plant,  (1)  effect  of  climate  on  labor. 

While  many  of  these  conditions  will  be  passed  over  as  similar  to  those  on 
work  already  done,  and  eliminated  by  the  use  of  cost  sheets  oa  such  work, 
it  is  well  for  an  estimator  to  have  such  a  list  before  him.  On  important 
work,  each  item  should  be  given  at  least  casual  thought,  considering  fully  such 
as  are  esi>ecially  pertinent.  The  wide  variations  in  these  matters  between 
different  localities,  states  and  countries,  make  their  consideration  imperative 
where  close  estimating  is  desired. 

Of  but  little  less  importance  are  the  ec(momic  conditions,  regarding  dealers 
and  manufacturers,  common  carriers,  and  both  skilled  and  conunon  labor. 
The  difference  in  service  rendered^  by  the  same  firm  or  Individual  in  1892  and 
the  hard  times  immediately  following  was  very  great.  Even  more  marked  was 
the  difference  between  the  years  immediately  preceding  and  succeeding  the 
Widl  street  panic  of  October,  1907,  with  its  resulting  aftermath.  This  should 
esi>ecially  be  borne  in  mind  regarding  the  quantity  and  quality  of  labor  per- 
formed both  by  mechanics  and  laborers,  and  the  compensation  paid  therefor. 
Under  this  head  should  be  consi4ered  the  question  of  commissary  and  trans- 
portation facilities  for  the  force  employed,  although  it  is  also  considered 
imder  the  headings  of  plant  and  labor. 

In  this  connection,  the  legal  requirements  should  not  be  overlooked.  This 
is  of  especial  importance  in  large  cities  where  the  obligations  imposed  are  often 
onerous  to  say  the  least.  Such  matters  as  not  blocking  street  traffic,  keeping 
the  sidewalk  clear,  supporting  adjacent  buildings,  the  many  police  regula- 
tions, as  well  as  the  difficulties  of  not  transporting  materials,  not  forgetting 
the  rules  of  labor  unions,  are  matters  which  often  wipe  out  the  profit  and  leave 
a  large  deficit,  when  not  duly  considered  in  the  estimate. 

Even  in  rural  communities,  there  are  still  the  state  laws  regarding  liabilities 
of  employers,  mechanic's  liens,  the  coUection  of  money  due  a  contractor,  and 
others,  either  favorable  or  unfavorable,  which  should  have  due  weight  in 
raising  or  lowering  one's  bid,  before  the  final  estimate  is  complete. 

It  is  essential  to  go  over  the  proposed  contract  carefully,  noting  the  time 
limit  and  any  burdensome  clauses  it  may  contain.  Sometimes  these  may  be 
altered  before  the  bid  is  submitted,  by  using  tact  and  diplomacy;  if  not, 
proper  allowance  can  be  made  for  them  in  the  estimate. 

Contractor's  Plant. — The  question  of  plant  equipment  with  which  to  com- 
plete the  work  according  to  contract,  in  case  one  is  the  successful  bidder,  is  of 
far  reaching  importance.  It  is  an  unfortunate  custom  amtong  engineers 
and  contractors  to  add  a  lump  sum  or  a  percentage  for  cost  of  plant,  supplies 
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These  Ulustrations  serve  merely  to  emphasize  in  a  concrete  way  the  impor- 
tance of  £rood  superintendence,  and  are  in  no  sense  suggested  as  a  practical 
method  of  arriving  at  the  labor  cost.  In  failing  to  estimate  correctly  the 
human  element,  especially  "the  man  at  the  top,"  more  than  in  all  other 
factors  combined,  is  to  be  found  the  reason  why  careful  estimates  so  often 
fail  utterly  to  agree  with  actual  costs. 

Following  superintendence,  the  next  matter  to  be  considered  is  the  quality 
and  quantity  of  labor.  Skilled  and  unskilled  labor  should  be  considered 
separately. 

Superintendence,  nationality,  quarters  and  climate  are  the  leading  factors 
in  forming  an  organization,  and  those  which  most  largely  affect  the  labor  cost. 
The  first  of  these  is  ot  prime  importance  and  is  usually  greatly  underasti* 
mated.  For  real  economy  in  handling  men  and  work,  a  good  man  is  preferable 
to  a  poor  one,  although  he  demand  twice  the  salary.  It  is'safe  to  allow  liberal 
salaries  in  estimating  the  cost  cft  superintendence.  The  best  contractors 
seldom  permit  the  question  of  salary  to  stand  in  the  way  of  retaining  a  really 
efiScient  superintendent  or  foreman. 

The  effect  of  conmiissary,  dimate  and  local  conditions,  as  before  mentioned, 
must  be  kept  in  mind.  The  proximity  at  saloons  and  dens  of  vice  have  a  very 
noticeable  effect,  at  times  increasing  the  labor  cost  10  to  25  per  cent. 

After  determining  the  main  features  of  labor  cost,  the  experienced  man 
knows  that  numerous  items  in  addition  will  come  to  light  during  actual 
construction.  These  are  almost  impossible  to  compute  previously,  except 
by  giving  careful  thought  to  every  detail,  as  suggested  above.  Frequently  a 
percentage  is  added  to  cover  these  contingencies;  this  is  commendable,  if  each 
form  of  construction  is  considered  on  its  merits,  and  the  percentages  varied 
according  to  the  elements  of  uncertainty  involved.  The  following  are  some 
of  the  more  obvious  of  these  features: 

The  eommwary,  which  may  prove  either  a  debit  or  a  credit,  depending  on  its 
purpose  and  management. 

Sanitation,  including  potable  water,  closets,  sewers,  drains  and  baths,  and  is 
always  a  debit. 

Medical  attendance,  which  usually  produces  a  debit  on  small  works  and  a 
credit  on  large  ones. 

Ldbor  insurance,  which  is  always  a  cost  item,  directly  or  indirectly. 

Labor  agency,  which  should  produce  a  credit,  if  undertaken. 

Walking  delegates,  each  to  be  considered  on  his  individual  merits  if  known, 
otherwise  on  his  reputation. 

A  CoMPLBTB  Cost  Ebtimatb 

Losses  and  Margins  of  Safety. — In  addition  to,  and  supplementing  the 
outline  given  in  the  previous  sections,  a  series  of  items  too  often  overlooked 
consists  of  what  may  be  called  losses  and  margins  of  safety.  Among  these 
may  be  mentioned:  (a)  lost  and  broken  material,  (b)  delay  in  arrival  of  mate- 
rials, (c)  rehandling  materials,  (d)  storage  of  materials,  (e)  cost  of  organizing 
the  force. 

The  first  item  can  best  be  offset  by  percentages  on  the  labor  and  material 
cost,  each  class  of  work  being  considered  separately.  Regarding  the  second, 
it  is  often  best  to  allow  the  salary  and  traveling  expenses  of  a  good  man  (on 
large  works,  two  or  more)  to  follow  up  shipments  and  see  that  they  arrive  on 
time.    The  imavoidable  delay  and  consequent  expense  still  remaining  will  be 
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induded  in  the  percentage  added  toit  general  expenses.  The  rehandling 
and  storage  of  materials  can  be  estimated  only  in  conjunction  with  the  plan  of 
operation  as  ouUined  by  the  estimator;  dep^iding  largely  cm  local  conditions 
as  to  space,  buildings  and  character  (A  the  materials.  The  cost  of  necessary 
sheds  and  buildings  will  have  been  allowed  for  imder  plant. 

The  last  item  will  depend  largely  on  the  nature  of  the  woiic,  condition  of  the 
labor  market,  charact^  of  the  laborers,  and  maximum  number  employed. 
Other  conditions  being  equal,  it  will  be  nearly  a  fixed  cost,  proportional  to  the 
maximum  w<(H*king  force:  the  total  amount  being  affected  but  slightly  by 
the  length  of  time  required  to  complete  the  Job. 

Profit: — ^What  constitutes  a  legitimate  profit  is  an  indeterminate  proposi- 
tion, since  the  number  of  correct  answers  is  unlimited.  A  fair  profit  on  cme 
dass  of  work  is  evident  injustice  <xi  another.  There  should  be  a  greater 
percentage  on  labor  than  <hi  machinery;  also,  a  varying  per  cent  on  the 
different  classes  (A  labor  and  the  different  kinds  oA  machinery.  A  competent 
estimator  never  allows  as  great  a  percentage  on  a  single  unit  that  costs  a 
large  sum  as  on  a  multitude  of  small  items  aggr^ating  the  same  amoimt; 
since  the  latter  would  be  purchased  from  various  manufacturers  and  dealers 
and  cost  much  more  to  handle  and  install. 

The  adaptability  of  the  company's  plant  to  proposed  work  justly  weighs 
somewhat  in  the  element  of  risk  and  uncertainty;  amsequ^itly,  it  hdps 
determine  the  profit  desired.  A  further  factor  is  the  proportion  of  the  work 
of  which  the  company  makes  a  specialty.  It  is  evident  that  a  specialty  can  be 
handled  more  economically  than  general  work;  yet  in  so  far  as  it  may  approach 
a  moncqxdy,  there  is  a  desire  for  proportionately  larger  profits. 

The  aggregate  of  profit  is  also  determined  somewhat  by  the  number  and 
magnitude  of  contracts  on  hand;  bidding  always  being  higher  by  a  c(Hnpany 
pretty  well  loaded  up  with  contracts,  and  having  most  of  its  trained  force 
already  in  Uie  field.  The  final  element  entering  into  the  estimate  of  profit  is 
the  pc^cy  of  the  company — a  large  amount  of  work  at  a  low  rate,  or  a  few 
contracts  at  handsome  figures. 

Tabulation  of  ReauUs. — Where  a  complete  estimate  is' desired,  the  entire 
work  should  be  divided  into  items  or  classes,  each  as  separate  and  complete 
as  possible.  It  is  convenient  to  have  a  column  for  each  of  the  following: 
(a)  quotations  on  materials,  (b)  freight  on  same,  (c)  drayage  of  same,  (d) 
estimated  labor  cost,  (e)  total  for  material  and  labor. 

Instead  of  estimating  the  plant  for  each  item,  a  better  plan  is  to  consider  a 
group  of  items  together;  under  each  group  allowing  for:  (a)  repairs  and 
maintenance,  (b)  supplies,  <c)  safety  margins,  (d)  profits. 

From  the  plan  of  operation,  already  alluded  to,  the  cost  of  superintendence 
may  now  be  computed;  and  than  a  lump  sum  or  percentage  added  for  general 
and  office  expense.  This  latter  will  be  estimated  from  the  company's  monthly 
expense  account,  the  amount  oi  present  and  prospective  business,  and  the 
past  experience  of  the  company. 

The  cost  of  surveys  and  expense  incurred  in  the  drafting  room  should  be 
indoded  in  the  general  expense,  unless  these  items  are  to  be  estimated  sepa- 
rately. If  the  bid  is  to  be  by  unit  costs:  the  superintendence  and  surveying 
should  be  distributed  proportionally  to  the  labor  cost;  drafting,  general  and 
olBee  expense,  proportionally  to  the  cost  of  both  labor  and  materials. 

With  the  estimate  complete,  it  devolves  ui>on  the  general  manager,  who  is 
cften  the  president  also,  to  determine  from  conditions  already  mentioned  the 
amount  to  increase  or  decrease  this  final  figure  before  submitting  the  bid. 
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Realizing  that  contracting  is  an  art,  not  an  exact  science,  he  will  bear  in  mind 
ttie  keenness  of  competition  and  the  builder's  reputaticm  for  fair  dealing. 
If  the  latter  is  questionable,  it  is  doubtful  wisdom  even  to  place  a  bid. 

If  the  general  manager  does  the  estimating  himself,  it  is  well  to  remember 
that  few  contractors  have  become  bankrupt  because  of  not  securhig  con- 
tracts; many  because  their  work  was  not  handled  economically  and  honestly; 
while  the  vast  majority  who  have  failed  have  been  able  to  secure  contracts, 
have  handled  their  work  to  fair  advantage,  but  have  been  unable  to  secure 
reasonable  acceptance  and  prompt  payment;  the  situation  most  likely  being 
aggravated  by  having  taken  the  work  too  cheaply.  For  this  reason,  some 
managers  add  a  small  amount  to  cover  interest  on  borrowed  money  to  meet 
expenses  while  waiting  on  deferred  pajrments. 

With  this  in  mind,  two  additional  columns  are  sometimes  added;  one  in 
which  to  place  the  percentage  of  work  completed;  the  other,  the  cost  of  same 
to  date.  An  estimate  prepared  as  here  outlined,  with  costs  am)eDded  during 
the  progress  of  the  work,  helps  greatly  in  borrowing  money  with  which  to  tide 
over  unforserai  emergencies. 

These  matters  call  for  business  ability  rather  than  engineering  training,  and 
their  successful  handling  is  the  final  test  of  a  man's  ability  to  secure  contracts 
advantageously.  An  intelligent  estimate  will  preclude  the  |»'obability  of 
taking  work  at  a  loss,  but  will  never  enable  a  firm  to  secure  work  at  a  maxi- 
mum profit. 

Sewage  DUpoaal  Plant. — As  an  illustrative  example,  part  of  an  estimate  "of 
cost  for  the  sewage  disposal  plant  at  Washington,  Pa.,  is  given.     (See  Table  I.) 

The  broken  stone  was  to  be  quarried  and  crushed  at  a  quarry  belonging  to 
the  borough,  which  accounts  for  no  allowance  for  rental.  It  was  located  at  a 
-distance  of  500  ft.  from,  and  at  an  elevation  of  60  ft.  above,  the  proposed 
plant. 

A  branch  line  of  railroad  runs  next  the  site,  accounting  tor  the  absence  of 
drayage  in  most  cases.     General  expense  was  estimated  as  follows: 

Per  cent 

Office 8 

Drafting  room 1 

Labor  insurance 1 

Interest 15^ 

Adjustments IVi 

This  percentage,  with  minor  exceptions,  is  computed  on  columns  1  to  0 
inclusive. 

Profit  was  estimated  at  from  5  per  cent  to  10  per  cent  on  materials,  including 
columns  1,  2,  6,  9  and  10,  and  10  per  cent  to  15  per  cent  on  labor,  including 
colunms  3,  4,  5,  7  and  8.  Exceptions  were  made  on  item  45.  where  2^i  per 
cent  on  materials  and  7  per  cent  on  labor  was  used,  as  the  company  was 
desirous  of  underbidding  machinery  firms;  25  per  cent  on  the  different  classes 
<tf 'concrete,  as  the  company  felt  sure  that  bidding  prices  would  be  high; 
30  per  cent  on  the  broken  stone,  as  this  still  kept  it  below  the  price  at  which 
stone  could  be  shipped  in. 

It  will  be  noted  that  the  mix  is  given  in  each  of  the  concrete  items  inunedi- 
ately  to  the  left  of  the  ingredients.  Where  a  figure  is  included  in  parenthesis, 
as  (1)  under  freight,  it  signifies  that  the  freight  is  included  in  the  amount 
given  in  column  1.  An  x,  as  in  column  3,  means  that  there  was  no  drayage  on 
that  item. 
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Owing  to  local  conditions,  the  questions  of  commissary  and  medical  attend- 
ance were  not  considered  in  this  estimate. 

The  cost  of  plant  is  figured  for  each  item,  deducting  its  value  as  second- 
hand tools  and  machinery  after  the  work  was  done. 

The  cost  of  organizing  the  force  falls  mainly  on  those  items  which  would  be 
imdertaken  in  the  earlier  part  of  the  construction  work.  The  following 
table  will  be  found  helpful,  as  a  general  guide  only,  in  estimating  the  cost  of 
organizing  a  force;  the  actual  amounts  in  all  cases  b^ng  dependent  on  many 
of  the  conditions. previously  noted. 

1st        2d        3d        4th 
mo.      mo.      mo.      mo. 
Max.  force  employed, 
100  men. 

1  Bupt.  at  (100  per  mo $  50  $  25 

0-6  foreman  at  $60  per  mo 00  00 

0-50  men  at  $1.75  a  day 415     

00-100  men  at  $1.75  a  day 300 

Field  office  help 100  60 


leia  omce  neip 

Total,  $1,120^$11.20 


per  man. 


Max.  force  employed, 
500  men. 

1  Bupt.  at  $200 $100     $  65     $  50 

0-15  foremen  at  $75 360     

15-20  foremen  at  $75 440     

20-25  foremen  at  $75 425 

0-100  men  at  $1.75 440     

100-300  men  at  $1.75 876     

300-500  men  at  $1.75 700 

1  asst.  Bupt.  at  $150 100         76         50 

Field  office  help 300       200       100 


leip. 
880-i 


Total,  $4,280-$8.56  per  man. 

Max.  force  employed, 
1,000  men. 

1  gen.  Bupt.  at  $400 $200     $135     $100     $  80 

0-3  supts.  at  $175 235     

3-5  Bupts.  at  $175 175     

0-20  foremen  at  $75 375     

10-30  foremen  at  $75 300     

30-50  foremen  at  $75 250       100 

0-200  men  at  $1.75 875     

200-500  men  at  $1.75 875     

500-800  men  at  $1.75 440     

800-1,000  men  at  $1.75 440 

Field  office  help 400       300       200       100 

Total,  $5,580 — $5.58  per  man. 

In  the  present  instance,  the  company  already  had  in  its  employ  trained 
superintendents,  foremen  and  mechanics;  so  the  cost  of  organizing  the  force 
was  estimated  at  a  figure  considerably  less  than  suggested  above.  Like 
all  other  features  of  an  estimate,  it  is  evident  that  each  case  must  be  deter- 
mined on  its  merits  and  considered  accordingly. 

Filtration  Plant. — The  estimate  next  given  is  that  of  a  filtration  plant  at 
Roanoke,  Va.,  of  4,000,000  gallons  daily  capacity.  It  was  for  a  lump  sum 
bid,  consequently  the  arrangement  is  somewhat  different  than  in  the  pre- 
ceding estimate. 

Near  the  end,  imder  "  Accessories,"  the  amounts  given  in  the  columns  for 
Material  and  Freight  cover  "Lost  and  Broken  Material;"  under  Drayage  and 
Labor,  "Rehandling  Material"  and  "Organizing  the  Force." 
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Unit  bids  not  being  called  for,  Plant,  Superintendence,  General  Expense  and 
'PtoAX  are  not  distributed,  but  added  at  the  end  to  make  up  the  final  cost. 


Tablb  II. — EsnifATK  OF  Cost  of  a  Filtration  Plant 

Coagulating  Basin —  Material     Freight     Drayage 

Excavation,  2,800  yds. 

Flow  and  scraper,  2,500  yds 

Hck  and  shovel,  300jyd8 

Concrete,  596  ou.  yds 

Cement,  655  bbls.  at  (1.85 (1 .207 

Broken  stone  and  sand,  511  yds.  at  $2. 

Forms,  4.6  M  f .  b.  m 

Water 

Reinforcement,   1,000  sq.  ft.  expand. 

metal  at  .04. 

FUter  Tanks- 
Excavation,  685  yds. 

Flow  and  scraper,  625  yds 

Pick  and  shovel,  60  yds 

Concrete,  269  yds. 

Materials  and  forms  (as  above) 

Reinforcement,  18,855  lbs.  at  .02 

Wrought  iron  railing,  80  ft.  180-lb.  at 
.45  per  ft 

Clear  Wen — 

Excavation,  1,100  yds. 

Flow  and  scraper,  1,075  yds 

Pick  and  shovel,  25  yds 

Concrete,  282  cu.  yds 

Materials  and  forms 

Reinforcement,  none  req'd. 

Roof, 

Framing,  25.7  M  f.  b.  m 

Sheathing.  9.7  M  f.  b.  m 

C<Hnpo8ition  roofing,  81  sqs.  at  13.50. . 

Building— 
Omcrete,  48  yds.  (same  as  filters) .... 
^ck  (common),  235,000  lbs.,  47,000 

at  $7.50 

Brick  (pressed),  47,500  lbs.,  9,500  at 

$24 

MiUwork. 
12  windows  at  $3.75,  2  doors  at  $2.50. . 

Roof, 

Framing,  5  M.  f.  b.  m 

Sieathing,  3  M.  f.  b.  m 

Slate,  9  T.,  28  sqs.  at  $8 

Scaffolding,  3  M.  f.  b.  m 

Painting 

Hardware, 

Openings.  14  at  $1.50 

Ruige.  36  ft.  galv.  iron 

CmMiactorB,  80  galv.  iron 

Gntt^s,  215  galv.  iron 

Bearing  plates  and  tie  rods,  322  lbs.  at 
M 

Treating  Plant-~ 
TanJES.  4  req'd.  (inc.  under  "Coag. 
Basin"). 

Orifice  boxee,  2  at  $15 

'hnm  pipe  and  fittings,  as  per  Ust 

Merchant  steel  pipe  and  fit.,  as  per  list. 

Depth  gauges.  4  at  $60 

orifice  slides,  2  at  $13 


16 


30 

162 

22 

240 

26 

(1) 

1 
1 
1 
1 

(1) 


Labor 


$1,207 

1,022 

92 

15 

•  •  • 

•  •  • 

•  •  • 

(1) 

•  •  • 

•  •  • 

•  •  •  • 

a  ■  •  • 
•  •  •  »  • 

$196 

(1) 

•  •  • 

90 
892 

•  •  •  ■ 

•  •  •  • 

69 
10 

40 

2 

2 

20 

•  •  ■ 

•  •  • 

•  •  • 

•  ■  • 

125 
18 

1,132 
377 

•  •  • 

43 

117 
15 

470 
204 

36 

2 

1 

7 

*i;i54 

•  •  • 

•  •  • 

•  •  • 

93 

•  •  • 

•  •  • 

10 

215 

8 

353 

•  «  • 

514 
194 
284 

•  •  • 

•  •  • 

•  •  • 

(1) 

180 
68 
81 

270 

8 

24 

120 

« 

352 

(1) 

176 

376 

228 

(1) 

36 

80 

50 

•  •  • 

2 

35 

100 
60 

224 
60 
25 

•  •  • 

•  *  • 

(1) 

•  •  • 

•  •  • 

(1) 
14 

(1) 

75 
30 
168 
30 
60 

21 

9 

20 

54 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

1 
1 
2 

•  •  • 

3 

8 

23 

5 

20 

8 

10 

a 


33 

6 

50 

9 

2 

40 

3 

1 

6 

32 

11 

113 

10 

3 

18 

40 

6 

38 
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Machinery — 
Pelton  wheel,  yi  ft. 
Centrifugal  pump,  1-Ib.  10  M. 

Blower,  1-lb.  2;  3.5  T.  total 810 

Pelton    wheel,    1-   like   Lorain    Cent, 
pumpe,  2-  like  Lorain 260 

Equipment — 
Inlet  controller,  1-16  "  butterfly  valve 

and  float 91 

Water  manifold  and  strainers,  14,280 

lbs.,  1,428  sq.  ft.  at  $1.25 1,785 

Air  manifold,  4,450  lbs.,  1.428  sq.  ft.  at 

.70 1,000 

Wash   troughs,   8-168  ft.,   8.400  lbs., 

$4.50  peril 761 

Gate  Valves — 

4-6"  flanged  at  $8.10 32 

4-10"  flanged  at  $24.30 97  ...  ...  .... 

4-10"  angle  at  $43.50 174  ...  ...              

3-10"  high  pressur    at  $22.50 68  ...  ...               

4-5"  flanged  at  $6.75 27 

1-6"  flanged  high  pres.  at  $9 9  ...  ...  .... 

1-10"  flanged  foot,  at  $21.28 21  ...  ...              

6,700  lbs 24  6  66 

Sluice  Gates — 

4-10"  flanged,  at  $19.50 78         ...  ...  

4-12"  flanged,  at  $26.25 105         ...  ...  

Valve  stands,  non-indicating,  20  at  $5.  100         ...  ...  .... 

1-10"  regulator  valve 231         ...  ...  .... 

Loss  of  head  gauges,  4  at  $65 260         ...  ...  .... 

9,200  lbs.,  total -27  7  93 

C.  I.  Fipe— 

B  &  S,  14.180  lbs. 

Heavy  wt.  6"-50',  1680  lbs 29 

Heavy  wt.  10"-200,  12,500  lbs 219 

Standard  10"- 12',  720  lbs.,  3  pes 58 

Lead  and  jute,  22-10",  and  7-6"  joints  33 

Specials,  B  &  S,  1,330  lbs. 
1-10"  tee,  300  lbs. 
1-10"  eU,  214  lbs. 
1-10"  Y,  370  lbs. 
1-10  X  10  X  6"  Y,  255  lbs. 
2-6"  ells,  190  lbs. 

8-12" -60  ells 69         (1)  3  8 

Lead  and  jute,  4-10"  and  8-12"  joints.  9 

Specials  flanged,  4,168  lbs. 

1-16"  X  10'  F  «&  F,  1.207  lbs. 

5-10"  X  3'  3"  FF  &  S,  1,310  lbs. 

4^12"  X  2'  9"  FF  &  S.  1,108  lbs. 

5-10"  X  1'  3"  F  &  S,  543  lbs. 

4-6"  X  3' 3"  FAS 31 

4-10  X  10  X  6"  side  outlet  T's 60 

Bolts  and  gaskets 23 

Flanged,  9,147  lbs. 

4^10"  X  5'  2" 75         ...  ...  

4-8"  X  8'  9" 63         ...  ...  

4-10"  X  3'  0" 54         ...  ...  

1-12"  X  16'  4" 38         ...  ...  

2-12"  X  15'  6" 74  ...  ...  

1-12"  X  7'0" 17         ...  ...  

4-6"  X  1'  8" 15      21  7  60 

Flanged  fittings,  standard,  3,685  lbs. 

1-12"  ell 12         ...  ...  

8-10"  ells 70         ...  ...  

4^8"  ells 22         ...  ...  

4-6"elle 13        ...  ...  .... 
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4-10  X  8  X  8"  tees 58  ...  ...             

2-12  X  10"  croasea 41  9  4  36 

M.  S.  Pipe- 
Random  lengUus,  2,430  lbs. 

6"X60'at.665 34  ...  ...              

5"  X  90' at  .435 39  ...                                

40  ends  threaded,  at  .30. .  ..* 12  5  2  15 

Fittings.  469  lbs. 

4-5"  ells  at  .52 2  ...  ...              

2-6"cUsat.72 2  ...  ...              

2-6  X  8"  crosses  at  $1.92 4  ...  ...              

1-6"  plug  at  .29 0  ...  ...  .... 

8-5"  flanges  at  .505 4  ...  ...              

4—5"  flange  unions  at  .72 3  ...  ...  .... 

2-6"  flange  unions  at  .89 2  1  I  6 

Vitrified  Pipe- 
Standard.  29,150  lbs. 

24"-170' at  .715 121 

16"-70' at  .297 21  (1)  40  45 

Fittings, 

2-24  X  10"  crosses 13  ...  ...              

2-15  X  12"  crosses 5  (1)  1              

Channels, 

8"  X  34'  at  .05 2 

12"  X  20' at  .10 2  ...  ...              

Standard, 

12"  X  1030' at  .17 175  ...  ...  _. . 

8"  X  240'^  at  .08  M 20  (1)  28  6 

Miscellaneous — 
Manholee, 

Brick,  4,816  at  $9.50 41  (1)  4  38 

Cement,  22  bbls,  at  $1 22  (1)  6           

Sand,  3  yds.  at  $1 3  (1)  3           

lime,  3  bu.  at  $1 ^ 3  (1)  (1)           

Covers  and  frames,  7  at  $7 49  (1)  2  7 

rater  sand  and  gravel,  252  T.  at  .65. .  164  . . .  378  126 

Excavation,  516  yds ...  516 

Aooeasories — 

Coagulating  basin 120  ...  5  240 

Filter  tanks "75  5  5  120 

Clear  well 110  5  ...  140 

.  Biulding 135  ...  25  100 

Treating  plant 25  ...  ...  10 

Machinery 20  . . .  5  20 

Equipment.- 60  10  ...  25 

Clate  valves 5  ...  ...  10 

Sluicegates 10  5  ...  15 

Cast  iron  pipe 55  ...  5  40 

Merdiant  steel  pipe 5  5  5  5 

Vitrified  j>ipe 35  . . .  10  10 

Miscellaneous 30  ...  40  170 

Total $24,727 

Plant 300 

Superintendence 600 

General  expense '. 2,500 

Profit 5,000 

Amount  of  bid $33,027 


Factors  a  Contractor  Should  Consider  in  Estimating. — The  average  contractor 
forgets  a  ^reat  many  things  which  should  be  included  in  making  up  his  esti- 
mate. It  is  true  that  many  of  these  items  are  small  and  it  might  seem  that 
they  are  insignificant,  but  when  several  are  taken  together  the  cost  increases 
npidly.  -  In  an  interesting  article  in  the  January  Contractor's  Atlas,  D.  S. 
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Colbum  points  out  certain  of  theee  matters  that  are  commonly  oveilooked 
in  estimating.  The  article,  as  abstracted  in  Engineering  and  Contracting, 
Jan.  28,  1920,  follows: 

It  is  probable  that  on  an  average  about  6  per  cent  of  the  cost  of  the  job  is 
not  talcen  into  consideration  when  the  estimate  is  made.  The  following 
table  illustrates  this  point: 

School  Building  ISC  0"  X  200'  0"— 3  &tobus,  no  Bassmbnt 

467  yds.  rocic  excavation  at  $2 $         9S4 .  00 

880  yds.  earth  at  30  ct 240.00 

9,900  cu.  ft.  concrete  footing  at  22  ct 2, 178.00 

11 ,880  cu.  ft.  concrete  walls  at  25  ct 2,070.00 

13,524  sq.  ft.  reinforced  concrete  floor  in  c<MTidorB  and  toilets 

at  35  ct 4.783.40 

13,524  sq.  ft.  terraso  floors  at  25  ct 3.381.00 

1,980  lineal  ft.  terrasso  base  at  35  ct 693.00 

7 ,  914  sq.  ft.  plain  cement  floors  at  10  ct 791 .  40 

182, 160  face  bnclc  at  $35 6,375. 62 

1,339.240  common  brick  at  $18 24.106.30 

32,000  sq.  ft.  partition  tile  at  12  ct 3.840.00 

3.960  cu.  ft.  cut  stone  trimmings  at    $1.75 6,930. OO 

58,000  enameled  bricic  at  $50 2,900.60 

16.059  yd.  lath  and  plaster  at  40  ct 6,427. 60 

50  lineal  ft.   tile  flue  lining  at  75  ct 33.00 

6.000  lineal  ft.  comer  beads  at  6  ct 338.00 

1.800  yd.  metal  lath  at  45  ct 810 .00 

4.725  sq.  ft.  slate  blaclcboards  at  28  ct 1,325.00 

2, 160  sq.  ft.  corlc  taclcboard  at  28  ct 604.00 

27,000  lineal  ft.  grounds  at  1^  ct 405.00 

96  souares  steel  ceilings  at  $7 672. 00 

Moving  picture  bootli  with  vent 

Balcony  m  gymnasium 1 .896.00 

66.000  ft.  maple  floor  at  $65 4.290.00 

500.000  ft.  lumber  at  $45 22.500.00 

260  squares  roofing  at  $7.50 1 .950.00 

500  squares  floor  dieadening  at  $2 1 ,000. 00 

47  tons  structural  steel  at  $115 5.405.00 

3  iron  stairs  (sub-bid) 2,600.00 

Hardware  trim 1,700.00 

Sheet  metal  ((sub-bid) 890.00 

Millworlc,  sash,  doors,  trim,  etc.  (sub-bid) 8. 197.00 

Labor  on  millwork 3,278.80 

Painting  (sub-bid) 1,890.00 

Usual  estimate $126,585.42 

10  per  cent  profit 12,658.54 

Usual  bid $139,243.96 

FORGOTTSN   ItSMS 

Bond,  I  per  cent $     1 ,490. 00 

Fire  insurance,  H  per  cent  of  $100.000 500. 00 

Liability  insurance.  5  per  cent  of  labor,  $48,000 2,400.00 

Telephone 160.00 

Traveling  expenses,  board,  etc 650. 00 

Temporary  office,  locker,  sheds,  etc 548.00 

Water  for  building  uses,  temporary  piping,  hoists,  elo 182.00 

Lights,  fences,  barricades 80. 00 

Watchman,  6  months  at  $70 420. 00 

Timekeeper 350. 00 

Engineer,  laying  out,  batter  boards,  etc 30. 00 

Protection  of  erected  work 100. 00 

Temporary  heating  6  months  will  bum  220  tons  coal  at  $7 1 ,540.00 

Cleaning  out  building 100.00 

Carting  debris 25.00 

Cutting  and  jobbing  for  other  trades 430.00 

$    9.006.00 
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(6)  Water  for  Building  Use,  Temporary  Piping  and  Hoistch— It  should  be 
taken  into  consideration  that  water  will  be  required  for  various  operations 
connected  with  the  building,  for  instance,  the  mixing  of  concrete,  in  keeping 
the  concrete  wet,  and  in  cleaning.  Elevators  or  hoists  are  required  for  ele- 
vating the  materials  to  the  proper  place.  This  is  an  item  that  is  many  times 
neglected.  The  contractor  figures  that  it  costs  so  much  to  lay  so  many  bricks, 
but  the  means  of  getting  them  in  place  is  not  considered. 

(6)  'Fire  Insurance — During  the  process  of  construction  the  building  is 
under  joint  ownership  by  the  contractor  and  the  individual  or  company  for 
whom  the  building  is  being  constructed  and.  in  the  event  of  loss  of  the  building 
by  fire,  the  loss  is  prorata.  The  fact  remains  that  the  contractor  must  pay 
the  premiums  on  the  job  until  finished. 

(7)  Engineer,  Timekeeper,  Watchman — A  service  engineer  is  required  in 
connection  with  the  layout  and  other  details.  This  expense  is,  however, 
very  slight.  But  the  expense  of  the  timekeeper  and  watchmen,  in  case  of  a 
large  job,  amoimts  to  a  very  appreciable  figure. 

(8)  Telephone  Service— Sometimes  telephone  service  is  not  required, 
while  there  are  times  when  it  is  a  great  necessity  and  this  item  (tf  .expense  should 
also  be  considered. 

(9)  Traveling  Expenses — This  item  covers  the  cost  of  transporting  the 
foremen  or  other  laborers  sent  out  of  town  away  from  their  homes.  The  con- 
tractor must  as  a  rule  pay  all  of  the  raUroad  fares  and  board  for  these  men  as 
well  as  his  own  exi)enses. 

(10)  Cutting  and  Jobbing — Cutting  and  jobbing  for  other  trades  is  a  large 
item  since  the  general  contractor  is  usually  required  to  cut  all  openings  for 
electricians,  plumbers  and  steamfitters  and  to  patch  these  up  after  these 
workemen  have  finished. 

(11)  Guarantee — Often  the  architects  require  that  the  contractor  guarantee 
the  material  and  workmanship  for  two  years  or  maybe  more.  This  is  an 
item  of  considerable  importance  and  is  never  taken  care  of  under  the  general 
overhead  expense.  The  United  States  Qovemment  figures  IH  per  cent 
depreciation  per  year  on  buildings,  so  it  is  an  easy  matter  to  gain  an  idea  of 
how  much  this  item  alone  amounts  to. 

How  to  Determine  Whether  a  Crushed  Stone  Stock  Pile  Pays. — Engineer- 
ing and  Contracting,  July  17,  1918.  gives  the  following:  In  the  production  of 
crushed  stone  throughout  the  year  it  is  usually  profitable  to  provide  a  stock 
pile,  in  spite  of  the  extra  cost  of  rehandling  the  stone.  The  main  reason  for 
this  is  that  a  smaller  quanying  and  crushing  plant  working  continuously 
win  produce  the  desired  annual  output  at  less  cost  per  ton,  inclusive  of  stock 
pile  costs,  than  the  cost  per  ton  incurred  by  a  larger  plant,  without  a  stock 
pile,  working  below  full  capacity  most  of  the  time. 

Electrical  engineers  use  the  term  "load  factor"  to  denote  the  ratio  of  the 
actual  annual  output  of  electricity  to  the  possible  full  capacity  output  of  a 
plant.  Thus,  an  electric  generator  of  1,000  kilowatts  capacity  is  capable  of 
generating  8,760,000  kilowatt  hours  of  current  in  a  year  of  8,760  his.  (i.  e.,  24 
hrs.  daily  for  365  days).  If,  then,  such  a  generator  is  so  run  as  to  generate 
2, 190,000  kw.  hrs.  in  a  year,  its  load  factor  is  25  per  cent. 

Since  all  the  annual  "  fixed  charges"  on  a  generating  plant  are  independent 
of  the  output,  it  follows  that  if  the  load  factor  can  be  doubled,  the  fixed  charges 
per  kilowatt  hour  will  be  cut  in  two.  In  general,  then,  the  cost  of  the  "  fixed 
charges"  per  unit  of  output  vary  inversely  with  the  load  factor.  This  holds 
true  of  all  plants,  and  serves  to  explain  the  economy  of  providing  a  stock  pile 
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Hon  its  importance  deserves.  If  public  oflQceis  but  realized  the  amount  of 
work  involved  in  determining  the  economic  features  of  any  engineering 
design,  they  would  more  readily  appreciate  the  fact  that  true  economy  and 
cheap  engineering  are  not  companions. 

Many  ot  the  municipal  works  throughout  the  country  are  built  with  so 
little  respect  to  economic  design  as  to  require  but  a  superficial  examination  to 
show  where  enough  money  has  been  wasted  to  more  than  pay  the  compensa- 
tion which  would  have  been  required  to  secure  the  best  ^igineering  talent  to 
prepare  the  plans  and  specifications.  The  firm  of  which  the  writer  is  a 
member  has  been  called  upon  to  examine  plans  for  a  sewerage  system  in  whitdi 
the  plans  called  for  flush  tanks  at  the  head  of  every  lateral,  regardless  of 
grade  or  other  local  conditions  of  service.  The  general  character  of  the 
specifications  seemed  to  indicate  that  they  had  been  copied  largely  from  what 
was  without  doubt  originally  an  excellent  set  of  specifications  for  a  level  city 
in  a  wet  country,  where  the  sewers  had  to  be  laid  in  quicksand  and  water,  for 
they  provided  for  under-drains  and  other  expensive  accessories  which  could 
have  no  utiUty  under  any  other  conditions.  It  is  not  surprising  to  learn  that 
the  fee  charged  for  these  plans  and  specifications  was  about  the  proper 
compensation  for  a  stenographer  to  copy  the  specifications  and  for  a  drafts- 
man to  make  a  few  tracings. 

The  conditions  in  water  works  design  are  even  worse  than  in  sewer  work, 
because  many  cities  are  unfortunate  enough  to  possess  six  or  eight  council- 
men,  each  of  whom  knows  what  size  water  pipe  should  be  located  on  his  own 
street.  After  a  few  hours'  discussion  they  are  able  to  combine  their  ideas,  and 
the  system  of  mains  is  adopted;  no  one  dreams  that  possibly  5  per  cent  could 
have  been  expended  for  engineering  fees,  and  much  better  results  might  have 
been  accomplished  with  the  remaining  95  per  cent  of  the  funds. 

It  is  no  doubt  true  that  many  contractors  and  practical  builders  of  water 
works  have  the  ability  to  plan  excellent  systems,  but  even  if  so,  it  is  not  to  their 
interest  to  work  out  the  economic  features,  and  therefore  in  the  absence  of  an 
engineer  to  look  after  the  city's  interest  much  public  money  is  necessarily 
poorly  invested. 

As  an  illustration  of  some  of  the  work  involved  in  determining  the  econondc 
r^ation  between  the  different  parts  of  a  system  of  water  works,  the  writer 
ventures  to  outline  one  or  two  of  the  points  that  must  be  considered  in  this 
connection.  This  cim  best  be  shown  by  a  concrete  example,  using  the  local 
conditions  as  to  price  of  fuel,  cost  of  materials  for  construction,  conditions  of 
service,  etc.,  all  of  which  are  taken  from  actual  conditions  for  one  particular 
plant,  but  which  would,  of  course,  be  quite  different  for  any  other  plant.  In 
the  case  under  consideration  the  rate  of  pumping  is  estimated  as  follows: 
2,800  gal.  per  minute  for  6  hours  per  day,  1,400  gal.  per  minute  for  6  hours  per 
day,  800  gal.  per  minute  for  6  hours  per  day,  and  300  gal.  per  minute  for  6 
hours  per  day.  This  is  a  total  of  approximately  2,000,000  gal.  per  day,  sui>- 
plied  to  a  manufacturing  city  of  20,000  population.  The  pumping  station  is 
4,000  ft.  from  the  branching  point  of  the  distribution  system.  To  detennine 
the  most  economical  size  of  main  for  this  distance  it  is  necessary  to  make  com- 
parison between  the  various  conmiercial  sizes  of  water  pipe.  Comparing 
12-in.  with  16-in.  pipe  the  friction  offered  by  each  1,000  ft.  of  12-in.  pipe  for  the 
above  rates  of  flow  is  greater  than  that  in  the  16-in.  pipe  by  the  following 
amounts:  16.23  ft.  for  the  6  hours  of  maximum  pumping,  4.06  ft.  for  the  next 
6  hours,  1.33  ft.  for  the  next  6  hours,  and  0.18  ft.  for  the  6  hours  of  minimum 
pumping.    To  overcome  this  fricticm  requires  the  expenditure  of  80  HP. 
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nothing  to  be  gained  from  the  use  of  the  larger  pipe,  and  therefore  the  Id-in. 
is  the  most  economical  size  to  adopt  for  this  particular  location. 

It  will  be  noticed  that  in  all  of  these  calculations  the  rate  of  interest  has  been 
assumed  at  5  per  cent,  which  is  the  rate  at  which  the  city  can  secure  money 
on  bonds.  However,  in  the  matter  of  depreciation  there  is  considerable 
uncertainty  as  to  the  proper  rate  of  interest  to  be  assumed.  The  depreciation 
of  any  particular  machine  may  be  defined  as  tto  annual  sum  that  must  be 
laid  aside  to  amount  to  the  cost  of  the  machine  at  the  end  of  its  life.  It  then 
depends  entirely  upon  the  earning  capacity  of  the  funds  laid  aside  annually, 
and  is  therefore  independent  of  the  rate  of  interest  that  is  being  paid  on  the 
original  loan.  If  money  can  be  invested  in  additional  pipe  to  supply  well 
settled  streets  it  is  Ukely  that  much  more  than  5  per  cent  can  be  realized  on  the 
investment,  which  will  reduce  the  depreciation  charge  accordingly. 

While  such  detailed  calculations  as  are  illustrated  above  are  essential  as  a 
general  guide  in  determining  the  important  features  of  a  system  of  water  works, 
yet  the  writer  does  not  wish  to  be  imderstood  as  stating  that  they  should 
always  be  followed  with  mathematical  precision,  because  it  oft^i  hi^pens  that 
the  funds  are  limited  by  the  statutory  provisions,  so  that  a  city  has  only  a 
limited  amount  to  invest.  In  this  case  it  becomes  the  engineer's  duty  to  take 
into  consideration  the  question  of  whether  greater  returns  may  not  be  secured 
by  an  increased  pipe  system  rather  than  by  larger  and  more  efficient  pipe  lines 
or,  in  other  words,  the  fact  that  large  revenue  may  be  derived  from  extending 
the  mains  may  be  sufficient  reason  for  omitting,  condensers,  using  small  pipes, 
and  various  other  acts  that  would  be  entir^y  unjustifiable  in  designing  a 
system  for  a  private  water  company  whose  funds  are  invested  for  the  purpose 
of  securing  the  maximum  rate  of  interest  on  the  capital  invested. 

Another  point  where  an  attempt  at  economy  is  frequently  made  is  in  the 
spacing  of  fire  hydrants.  The  popular  impression  seems  to  be  quite  general 
that  since  hydrants  cost  about  $32  each  they  should  be  spaced  about  500  or 
600  ft.  apart,  so  as  to  make  a  small  number  of  hydrants  serve  as  much  territory 
as  possible.  This  popular  impression  may  be  accounted  for  by  the  fact  that 
the  number  of  hydrants  in  a  system  owned  by  a  private  water  company  is 
universally  accepted  as  the  measure  of  the  public  tax  for  fire  protection,  and 
naturally,  then,  they  are  not  closely  spaced  in  such  systems,  and  the  precedent 
is  thus  established.  In  a  system  of  water  works  owned  by  the  municipality, 
designed  to  give  fire  protection  without  the  use  of  steamers,  there  can  be  no 
possible  justification  for  spacing  the  hydrants  at  such  great  distances  apart  as 
they  frequently  are. 

The  details  will,  of  course,  vary  materially  with  the  plan  of  the  pipe  system 
and  other  local  conditions.  In  one  system  that  has  come  under  the  observa- 
tion of  the  writer  the  hydrants  averaged  from  500  to  600  ft.  apart,  but  by 
increasing  the  number  by  100  their  distances  apart  could  be  reduced  to  300  ft. 
This  would  effect  a  saving  of  about  100  ft.  of  hose  for  reaching  the  average  fire, 
and  aside  from  the  convenience  to  the  fire  company,  due  to  having  a  hydrant 
every  300  ft.,  there  results  a  direct  financial  benefit  to  the  city  as  shown  .below. 
To  overcome  the  friction  in  this  extra  100  ft.  of  hose  requires  an  additiona! 
pressure  of  13  lb.  per  square  inch  at  the  hydrant,  and  to  provide  sufficient 
powcif  to  throw  10  streams  simultaneously  in  addition  to  the  maximum  daily 
consumption  necessitates  the  installation  of  50  HP.  greater  boiler  capacity 
and  pumps  to  correspond.  This  costs  $800  for  the  extra  investment  in  the 
power  station,  the  annual  charge  against  which  is  $57.25  for  interest,  main- 
tenance and  depreciation.    There  is  also  an  increased  pressure  of  13  lb.  per 


CHAPTER  n 

PRICES  AND  WAGES 

Past  and  Future  Price  Levels. — The  following  discussion,  pages  34  to  138, 
is  in  large  part,  very  greatly  condensed  of  two  articles  that  I  published  in 
Engineering  and  Contracting,  April  7  and  May  5,  1920.  My  object  was  to 
deduce  a  formula  for  estimating  conunodity  price  levels  or  price  indexes.  As^ 
will  be  seen  later,  the  formula  gives  results  that  agree  very  closely  with  the 
facts  for  every  year  since  1889.  Data  for  years  prior  thereto  are  less  reliable, 
but  even  back  to  1859  the  formula  gives  approximately  correct  results. 

I  know  of  no  prior  attempt  to  deduce  a  conunodity  price  level  formula.  In 
1907  Prof.  E.  K.  Kemmer  published  "  Money  and  Credit  Instruments  in  Their 
Relation  to  Prices,"  in  which  he  deduced  a  formula  for  the  weighted  average 
of  three  distinct  things:  (1)  commodity  prices.  (2)  wages  and  (3)  prices  of 
corporation  stocks.  It  seemed  to  me 'that  these  three  things  (commodity 
prices,  wages  and  stock  prices)  are  not  necessarily  related  one  to  the  other.  If 
this  is  so,  only  confusion  would  be  likely  to  follow  an  attempt  to  average  such 
unrelated  things.  Accordingly  I  confined  my  attempt  to  derive  two  separate 
formulas,  one  for  commodity  price  levels,  and  one  for  wage  levels.  As  will  be 
seen  later  these  formulas  differ  in  one  very  important  element,  and  since  each 
of  them  corresponds  closely  with  the  facts,  it  follows  that  any  formula  that 
attempts  to  give  a  composite  average  of  wages  and  prices  is  certain  to  be 
incorrect. 

Prof.  Irving  Fisher,  in  his  "Purchasing  Power  of  Money"  (1911)  adopted 
Prof.  Kenmierer's  formula  and  attempted  to  bring  its  results  up  to  date. 

Price  Indexes. — Before  a  correct  understanding  of  the  present  subject  can  be 
secured,  the  meaning  of  certain  terms  must  be  learned.  One  of  the  most 
important  of  these  terms  is  the  expression  "  price  index."  Its  technical  sound, 
however,  merely  camouflages  a  very  simple  thing,  namely,  a  relative  average 
price. 

"Index  numbers"  are  relative  numbers  in  which  data  for  one  year  (or 
longer  period)  are  taken  as  a  base  of  100,  or  1(N)  per  cent,  and  upon  which  data 
for  other  years  are  computed  as  percentages.  When  the  index  numbers  relate 
to  prices,  they  are  called  "price  indexes."  Thus,  if  the  year  1913  is  tak^i  as 
the  base  year,  and  average  wholesale  prices  of,  say,  3(X)  conunodities  are 
taken,  that  average  may  be  called  100  per  cent.  Then  if  the  average  wh(de- 
sale  price  of  the  same  300  commodities  is  1.96  times  as  high  in  1918  as  in  1913, 
the  price  index  for  1918  is  196,  or  196  per  cent  of  the  average  price  in  1913. 

To  take  a  simple  illustration,  let  us  assume  that  the  wholesale  price  index 
of  the  four  principal  cereals  is  desired  for  the  years  1914  and  1918.  From 
the  U.  S.  Statistical  Abstract  for  1918,  we  find  that  the  average  wholesale 
prices  (on  the  farm)  were  as  follows  per  bushel; 

34 
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TaBLS  I. ^WHOIiSSALB   PrICB   InDUc' t>F   COMMODITIBS 

Year       Price      Year         Price      Year         Price 

1860 90  1880 93       1900 82 

1861 86  1881 95       1901 80 

1862 93  1882 96       1902 83 

1863 110  1883 94       1903 84 

1864 136  1884 92       1904 83 

1865 172  1885 86       1906 86 

1866 144  1886 86       1906 91 

1867 131  1887 87       1907 96 

1868 136  1888 88       1908 91 

1869 122  1889 89       1909 94 

1870 117  1890 84       1910 /.  97 

1871 112  1891 83       1911 95 

1872 110  1892 78       1912 99 

1873 108     .  1893 78       1913 100 

1874 109  1894 71       1914 99 

1875 108  1895 70       1915 100 

1876 104  1896 67       1916 123 

1877 99  1897 67       1917 176 

1878 93  1898 69       1918 196 

1879 87  1899 75       1919 212 

1920 243 

The  actual  price  indexes  are  thoee  derived  from  two  sources:  (1)  From  1869 
to  1889,  the  price  indexes  are  those  given  in  Senate  Report  No.  1394  on  '  'Whole- 
sale Prices,  Wages  and  Transportation,"  hjr  Nelson  W.  Aldrich,  March  3, 1893. 
The  weighted  average  price  indexes  there  given  are  multiplied  by  0.9  to  reduce 
them  to  the  same  base  as  the  price  indexes  of  the  U.  S.  Bureau  of  Labor,  the  latter 
price  indexes  being  those  from  1890  to  1920,  using  the  year  1913  as  100.  The 
Aldrich  report  price  indexes  are  based  on  the  wholesaleprices  of  223  commodities, 
weighted  in  proportion  to  family  budget  expenses.  Tne  Bureau  of  Labor  |>rice 
indexes  are  based  on  the  wholesale  prices  of  192  commodities  in  1890,  as  given 
in  Bulletin  No.  173,  and  in  the  Monthly  Labor  Review,  December,  1919,  and 
January.  1920. 

the  total  number  of  units  of  products  sold.    Hence  we  have  this  fundamental 
price  formula: 


Average  Unit  Price 


Demand 
Supply 

Money  spent 

Number  of  units  bought 


In  the  case  of  lumber,  wheat  or  any  other  given  product,  this  formula,  if 
applied  to  the  transactions  of  a  year,  gives  the  average  unit  price  for  the 
year.  This  is  simple  enough,  and  may  be  called  "self  evident."  But  it  is 
not  "self  evident"  that  this  fundamental  average  price  formula  can  be  so 
treated  as  to  yield  a  commodity  price  level  formula. 

The  money  spent  in  any  nation  during  a  year  is  equal  to  the  average 
quantity  of  money  in  circulation  multiplied  by  the  number  of  times  the  money 
is  "tum^  over"  during  the  year  (i.e.  the  "velocity  of  circulation").  Thus 
the  numerator  of  the  fundamental  price  formula  is  derived.  The  denominator 
of  the  formula  is  not  so  readily  perceived  to  be  susceptible  of  an  equally  simple 
analysis.  The  total  number  of  units  of  product  purchased  in  any  year  is 
practically  equal  to  the  total  number  produced  in  that  year.  But  the  total 
number  of  units  produced  is  equal  to  the  total  population  multiplied  by  tb^ 
per  capita  productivity.  Hence  we  have  the  following  application  of  %hp 
supply  and  demand  formula  to  a  nation's  entire  aimual  output  of  commodities » 

.  .    .,.  .  Money  X  Vel.  of  Circulation        ^^  ._       '    "^ 

Average  Price  =  = i—r? rjTi — 7i ^m  • ^  X  O         ;.  v. 

Population  X  Per  Cap.  EflSciency  ^  '^ 


in  ■■good  timeB."  It  follows  from  these 
two  facta  thst  there  ts  >  lelatloiuhlp  between  the  rapidity  of  "  money  tiim- 
<n«r"  and  averace  prices  rf  conunoditles. 
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Id  nnrirlng  for  a,  simple  means  of  mBuuiing  the  relative  npldlt7  of  "  money 
tuiiiov«r"  I  fdt  Bt  the  start  ol  my  stud;  of  this  problan  that  It  sbould  be 
practicable  to  ellmlnatB  moat.  If  not  all,  of  the  effect  of  speculative  traowtc- 
tJODS  upon  bank  clearings.  My  first  step,  therefore:  was  to  take  the  bank 
■JetirlagB  outside  of  New  York  City  >a  t«iiig  a  better  barometer  of  trade  than 
the  bank  dealings  In  New  York  City.    Wben  I  divided  the  anou&l  banlc 


FlQ.  1.— Bank  clfaringe. 

clearings  outalda  of  New  York  by  the  total  bank  deposits  In  the  Unlteal  Btatea 
U  the  middle  of  any  year.  I  found  that  the  quotient  was  usually  about  4.S 
in  years  when  busii^ess  waa  "nonnal."  tliat  la,  when  there  was  neither  a 
"boom"  nor  a  "depression." 
T^s  result  encouraeed  me  to  the  belief  that  I  might  be  able  to  "adjust" 
New  York  bank  clearings,  so  as  to  eliminate  tlie  effect  of  stock  and  bond 
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average  velocity  of  a  given  volume  of  water  can  be  accurately  calculated  if  we 
know  the  number  of  times  that  a  reservoir  Is  flUed  in  a  given  period  by  the  water 
In  like  manner  the  average  velocity  of  currency  circulation  can  be  estimated 
by  ascertaining  the  number  of  times  the  bank  reserves  are  turned  over  in  a 
year.  But  since  bank  deposits  are  normally  about  ten  times  the  bank  reserves, 
the  relative  rate  at  turnover  <rf  bank  reserves  is  ordinarily  about  the  same  as 
the  rate  of  turnover  of  bank  deposits.  Hence  the  relative  rate  of  turnover 
of  bank  deposits  Is  practically  the  same  as  the  relative  rate  of  turnover  of  all 
currency. 

Productive  Efficiency. — Prof.  King,  in  his  "Wealth  and  Income  of  the 
People  of  the  U.  S.,"  has  given  some  estimates  of  the  average  annual  incomes 
of  several  different  classes  of  producers,  expressed  in  buying  power  as  well  as 
in  dollars.  But  he  does  not  give  the  increase  in  average  income  per  capita 
or  per  worker  for  all  those  classes  of  producers  combined,  and  it  was  this  g^i- 
eral  average  that  I  was  seeking.  Moreover,  I  found  that  through  not  going 
to  the  original  sources.  Prof.  King  had  made  several  errors  both  in  the  actual 
data  and  in  his  interpretation  of  them.  For  example,  he  did  not  realize  that 
the  statistics  as  giKen  in  the  Statistical  Abstract  relating  to  the  value  oi 
agricultural  products  are  not  at  all  comparable  for  the  different  census  years, 
a  fact  that  is  pointed  out  in  the  volumes  of  the  U.  S.  Census.  In  several 
instances  Prof.  King  used  incorrect  index  prices,  e.g.,  simple  averages  where 
weighted  averages  should  have  been  used. 

In  order  to  reduce  to  a  minimum  any  errors  that  might  arise  from  the  use 
of  incorrect  price  indexes,  I  decided  to  secure,  as  far  as  practicable,  the  number 
of  units  at  product  in  each  of  the  four  grand  classes  of  producers  of  conmiodities 
sold  at  wholesale,  namely  (1)  Agriculture,  (2)  Mining,  (3)  Manufacturing, 
and  (4)  Transportation  by  Rail.  I  found  it  possible  to  secure  all  the  needed 
data  for  every  year  back  to  1869,  except  for  manufactured  products  and  for 
transportation.  Steam  railway  transportation,  however,  could  be  carried 
back  to  the  year  1882,  for  both  the  numbers  of  tons  and  ton-miles  of  freight 
were  available. 

Table  X  gives  a  general  idea  of  the  distribution  of  those  engaged  in  gainful 
occupations,  but  too  rigorous  a  comparison  between  successive  census  years 
should  not  be  made,  especially  between  1899  and  1909,  because  of  differences 
in  the  classification  rules  followed  by  the  census  takers  in  different  years. 

Since  less  than  3  per  cent  of  all  men  engaged  in  gainf ull  occupation  are 
classed  as  steam  railway  employes  (under  Transportation)  in  the  U.  S.  Census, 
no  appreciable  error  can  result  by  omitting  them  entirely  from  consideration 
in  seeking  the  general  average  productive  efficiency  of  ail  workers.  Moreover, 
it  should  be  noted  that  for  every  railway  employe  there  is  an  investment  of 
more  than  $10,000  in  the  railway  plant,  or  about  four  times  as  much  per 
worker  as  is  foimd  either  in  manufacturing  or  in  agriculture.  Ail  this  railway 
plant  has  been  built  by  workers  classed  under  Manufacturing  and  Mechanical, 
uid  most  of  its  renewals  are  made  by  them  also.  Hence,  viewing  the  problem 
broadly,  the  productive  efficiency  of  railway  employes  is  mainly  due  to  men 
not  classed  as  railway  employes. 

The  building  trades  employes  must  be  excluded  from  consideration  because 
no  data  as  to  the  value  of  their  total  output  are  available  since  1899.  For 
1899  and  prior  thereto  the  building  trades  output  was  included  by  the  census 
with  manufacturing  output,  but  I  have  ^minated  it  from  those  years  in 
order  to  derive  a  manufacturing  output  that  will  be  comparable  from  1869 
to  1914.     (Prof.  King  failed  to  take  into  account  the  above  mentioned  change 


IB  Iha  last  30  jeta  at  thii  Sfhjm  period  than  In  the  firat  20  yeus.    Id  1! 
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the  cool  miners  (and  tbey  comprise  SO  pec  cent  of  all  tlie  miners)  brrdie  all 
recorda  For  output  per  miner,  mainly  becauBe  t^y  worked  about  20  per  oeat 
more  days  per  annum  tlian  In  normal  yean.  The  output  for  LglS  aJao  was 
abaoTmal.  Had  I  used  tbe  abnormally  bigh  output  that  actually  occurred  tor 
191S,  tlie  result  would  have  been  a  grosa  equated  output  ot  tl,90Z  per  miner 


Fio.  2.— "Equated  Productivity"  per  wMlier  {dolUre  per  anniim). 

Instead  of  the  SI, 550  given  in  colunm  A  ot  Table  XIV.  But  since  we  an 
seeking  the  avera^  efficiency  of  all  workers  in  America,  this  abnormal  out- 
put  of  the  coal  miners  for  ISlS  would  give  us  a  t^se  result,  bo  both  in  Table 
XIV  and  in  Figs,  2  and  3,  I  have  scaled  down  the  mining  output  to  Uwt  ol  a 
normal  year. 

With  tbe  same  number  ot  coal  miners  about  20  per  cent  more  coal  Was  mined 


lu  De  moce  cieany  eviaeni  wnen  we  comt 
(■Mint  of  that  tactor  (B).  The  Incceued  Inveetmeat  in  pteM  p< 
'iMtdj  tnea  taken  lata  conaldecatliHi,  as  above  described. 
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AgricvUurdl  Efficiency. — In  order  to  measure  the  productive  efficiency  of 
agricultural  workers  from  1869  to  1918  inclusive,  I  decided  that  the  most 
exact  method  would  be  to  secure  the  number  of  units  of  product  of  every  im- 
portant crop  by  years.  Upon  study  of  these  crop  data  it  became  evident  that 
9  crops  comprised  85  per  cent  of  all  crop  values.  Since  the  oth^  (or  minor) 
crops  bear  an  almost  constant  ratio  in  value  to  the  total  value  of  these  9  crops, 
it  is  apparent  that  we  need  consider  only  the  9  crops  in  estimating  crop  iM'oduC' 
tlve  efficiency  for  different  years. 

Since  crops  usually  vary  somewhat  from  year  to  year  I  decided  to  take  the 
average  of  three  crop  years,  at  five  year  intervals;  thus  for  the  year  1869,  the 
average  of  the  crop  yields  for  1868, 1869  and  1870  was  taken.  Then  I  assumed 
an  average  unit  price  for  each  of  the  crops,  and  multiplied  each  average  crop 
for  the  1869  "period"  by  the  average  price  assumed.  Table  XT  gives  the 
calculated  value  of  the  9  big  crops  for  1869  and  1918.  The  same  unit  prices 
used  in  Table  XI  were  used  for  1874, 1879, 1884,  etc.  at  5-year  intervals,  taking 
the  average  crop  yield  for  three  years  in  each  case. 

The  annual  value  of  the  animals  and  animal  products  (beef,  milk,  eggs,  wool, 
cattle  sold,  etc.)  in  any  year  has  averaged  about  55  per  cent  of  the  vahie  of  all 
the  crops.  Hence  if  we  multiply  the  value  of  the  9  big  crops  by  1.18  to  get  the 
value  of  all  crops,  and  if  we  multiply  this  product  by  1.55  we  get  the  value  of 
all  agricultural  products.    The  product  of  1.18  and  1.55  is  1.83. 

The  standard  for  unit  prices  assumed  in  calculating  the  crop  values  (see 
Table  XI)  were  approximately  those  of  1909  to  which  about  7  per  cent  must 
be  added  to  be  equivalent  to  the  price  level  of  1913,  which  is  the  year  that  I  use 
throughout  as  the  standard  of  prices.  So  if  we  add  7  per  cent  to  1.83  we  get 
1.96,  which  is  the  factor  by  which  to  multiply  the  value  of  the  9  crops  cal- 
culated on  the  prices  given  in  Table  XI,  to  get  the  value  of  all  crops  and  animal 
products.  But  it  happens  that  a  very  considerable  x>art  of  the  farm  products 
are  consumed  on  the  farms.  The  census  of  1899  shows  that  20  per  cent  of  the 
total  value  of  all  farm  products  was  fed  to  live  stock.  On  the  other  hand,  the 
census  of  1909  shows  that  the  quantities  of  animal  products  and  the  nOmber 
of  cows  reported  by  farmers  were  not  given  in  full,  a  check  coimt  showing  the 
omissions  as  to  dairy  cows  being  22  per  cent  of  the  total  cows.  From  a  study 
of  such  data,  I  have  concluded  that  a  deduction  of  about  12  per  cent  from  the 
total  of  agricultural  products  will  give  a  very  close  approximentation  to  the 
value  of  farm  products  after  deducting  the  food  consumed  by  live  stock  and 
after  adding  the  value  of  items  that  were  underestimated  in  the  reports  made 
by  farmers.  Annual  increments  in  farm  equipment  are  so  small  a  percentage 
of  farm  output  they  need  not  be  considered.  Taking  this  12  per  cent  from  the 
factor  of  1.96  (above  deduced,  reduces  the  factor  to  1 .745 — call  it  1 .75.  Hence 
if  we  multiply  the  total  values  of  the  9  big  crops  (as  given  in  Table  XI  for 
1869  and  1918,  and  as  similarly  calculated  for  intervals  of  5  years  between 
those  years)  we  get  the  equated  total  value  ot  farm  products  after  deducting 
the  value  of  food  fed  to  livestock.  The  resulting  totals  for  each  year  it 
divided  by  the  numbers  of  agricultural  workers  give  the  "equated"  annual 
productivity  per  agricultural  worker. 

The  word  "equated"  here  means  reduced  to  the  same  standard  prices  for 
the  standard  year,  the  standard  year  in  this  case  being  1913. 

Fig.  2  shows  the  output  in  doUars  per  year  per  "farmer,"  for  each  of  the  5- 
yeai'  points  (each  "point"  being  an  avei^age  for  three  years'  crops,  as  above 
explained),  from  1869  to  1918  inclusive.  Even  though  I  had  largely  elimin- 
ated the  effect  of  fluctuations  in  crop  yield  (by  taking  3-year  averages),  it  ia\, 
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It  will  be  seen  that  manufacturing  workers'  productive  efficienct  or  out-put 
was  84  in  1869,  and  rose  to  158  in  1899 — almost  doubling  in  30  years.  Follow- 
ing 1899  there  was  no  improvement  whatever  for  15  years  (up  to  1914).  and 
there  is  little  doubt  that  some  falling  off  in  manufacturing  workers'  efficiency, 
per  worker,  has  occurred  since  1914.  However,  the  per  capita  productive 
efficiency  of  the  nation  has  not  decreased  materially  since  1914,  because 
farming  and  mining  efficiency  have  risen  sufficiently  to  offset  any  loss  in  manu- 
facturing efficiency.    The  proof  <rf  this  conclusion  will  now  be  given: 

Productive  EjgHcieney  Per  Capita. — Per  capita  productive  efficiency  ha.s.  so 
far  as  I  know,  never  been  ascertained  before,  yet  its  economic  significance  is  of 
extreme  importance,  entirely  aside  from  its  use  in  my  price  index  formula. 

We  have  already  considered  the  productivity  of  each  of  the  three  great 
classes  of  workers  who  produce  raw  materials  and  finished  factory  conuno- 
dities.  It  remains  now  to  secure  the  combined  or  composite  efficiency  of 
these  workers.  Before  doing  so  it  may  be  well  to  point  out  the  economic  part 
of  the  other  classes  of  workers,  namely  those  engaged  in  "  professional  service." 
"domestic  and  personal  service,"  "trade  and  transportation."  These  three 
great  classes  comprise  about  one-third  of  all  who  are  engaged  in  gainful  occu- 
pations. As  will  be  seen  from  Table  X,  this  ratio  of  one-third  has  been  fairly 
constant  for  the  40  years,  from  1869  to  1909.  It  is  apparent,  therefore,  that 
to  the  cost  of  producing  commodities,  there  must  be  added  about  50  per  cent 
for  transporting  and  distributing  them  and  for  the  professional  service  (educa- 
tinal,  engineering,  etc.)  and  other  services  (government,  etc.).  This  explains 
why  retail  prices  average,  on  the  whole,  approximat^y  50  per  cent  in  excess 
of  wholesale  prices,  year  after  year.  But  the  present  significance  of  this 
constancy  of  the  ratio  of  the  number  of  "producers"  to  "distributors,  etc.," 
namely,  2  to  1,  is  this:  If  we  ascertain  the  efficiency  of  the  "producers"  of 
conunodities  sold  at  wholesale  prices,  that  same  efficiency  will  apply  to  the 
"distributors,  etc." 

Table  X  shows  that  the  ratio  of  "workers"  (all  those  engaged  in  giUnful 
occupations)  to  total  population  has  increased  since  1869.  Probably  the  rate 
of  increase,  since  1914  has  been  greater  than  theretofore,  because  so  many 
women  who  were  called  into  gainful  service  during  the  war  have  continued 
in  that  service.  This  should  be  borne  in  mind  when  considering  the  produc- 
tive efficiency  of  the  nation  as  a  whole,  for  it  accounts  largely  for  the  fact  that 
our  per  capita  efficiency  has  not  decreased  during  the  past  five  y^rs  in  spite 
of  a  decrease  in  individual  efficiency  in  many  industries  and  trades. 

Table  XVI  gives  my  calculation  of  the  per  capita  productivity  and  effi- 
ciency of  the  American  people,  from  1869  to  1918  inclusive. 

It  will  be  observed  that  I  have  estimated  the  "equated"  value  of  manu- 
factured products  for  1918  at  10  per  cent  in  excess  of  that  for  1914.  In 
arriving  at  this  estimate,  I  studied  all  the  data  of  annual  production  of  dif- 
ferent commodities,  and  made  a  "weighted  average"  estimate  of  the  resulting 
percentage  increase.  Table  VIII  contains  only  a  small  fraction  of  the  data 
that  I  used  in  making  this  estimate,  but  it  should  serve  to  silence  anyone  who 
argues  that  high  prices  are  attributable  to  the  reduced  output  of  American 
workers. 

Colunm  G  of  Table  XVI  shows  the  per  capita  productive  efficiency  of  the 
American  people  (the  E  in  my  index  price  formula)  and  Fig.  3  shows  the  same 
data  graphically,  from  1869  to  1918.  Observe  that  per  capita  efficiency  rose 
from  80  per  cent  in  1869,  to  100  per  cent  in  1879  (the  year  taken  as  a  standard 
for  comparison),  then  to  146  in  1904,  then  to  152  in  1914,  and  finally  to  153.6 
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not  otherwise  have  reached.  Such  a  diversion  may  result  in  a  greater  buying 
ascertain  commodities  by  the  profiteers.  But  by  as  much  as  those  profiteers 
increase  the  demand  for  the  things  they  purchase,  by  an  exactly  equal  amount 
there  occurs  a  decrease  in  the  demand  for  the  things  that  would  otherwise 
have  been  purchased  had  there  been  no  profiteering. 

The  very  same  sort  of  reasoning  holds  good  as  to  extravagance.  Extrava- 
gance diverts  money  from  the  purchase  of,  say,  construction  materials,  to  say. 
diamonds  and  silks;  but  extravagance  alters  not  one  whit  the  total  annual 
buying  power  of  a  nation.  Every  nation  always  spends  all  that  is  earned 
annually. 

High  taxes  have  no  efifect  on  average  prices,  unless  they  cause  a  stagnation 
in  industry.  It  is  possible  that  this  may  yet  occur  to  some  extent,  because  the 
graduated  income  tax  takes  away  a  large  part  of  the  profits  in  business  of  a 
venturesome  nature  and  therefore  tends  to  a  restriction  of  business  enterprise. 
Also  if  high  taxes  lead  to  a  permanent  and  large  increase  in  government  activi- 
ties of  an  unproductive  nature,  there  results  a  lowering  in  productive  effidency 
per  capita  (the  E  in  my  i»ice  f^irmula)  and  a  consequent  rise  of  average  prices 
of  conunodities, 

A  general  scarcity  of  commodities  in  America  does  not  exist.  This  also  is 
a  fictional  reason  for  high  prices. 

Scarcity  of  commodities  in  Europe  affects  prices  in  America  by:  (1)  Causing 
a  shipment  of  gold  to  America,  (2)  by  increasing  the  rate  of  money  turnover, 
and  (3)  by  decreasing  the  quantity  of  commodities  available  for  domestic 
markets. 

Modem  p(ditical  economists  (with  very  few  exceptions)  have  hitherto  held 
that  bank  deposits  against  which  checks  may  be  drawn  (often  called  "  credit 
currency")  are  essentially  the  same  as  money,  and  that,  therefore,  an  increase 
in  bank  deposits  tends  to  raise  the  level  of  prices  just  as  does  an  increase  in 
money.  It  will  be  observed  that  my  formula  does  not  support  that  b^ief , 
unless  it  can  be  shown  to  be  a  fact  that  bank  deposits  subject  to  check  have 
increased  in  the  same  proportion  that  money  has  increased.  Table  II  shows 
that  the  ratio  of  bank  deposits  to  total  currency  was  2.2  to  1  in  the  year  1880, 
and  that  it  rose  to  5.7  to  1  in  1919.  The  rise  was  steady  and  so  rapid  during 
those  40  years  as  to  make  it  clear  that,  had  total  bank  d^xMits  had  the  same 
effect  as  currency  in  raising  prices,  there  would  have  occurred  a  price  increase 
several  fold  in  excess  of  what  actually  did  occur.  Tiy[)le  VII  shows  that  the 
ratio  of  total  bank  deposits  to  deposits  subject  to  check  has  been  constant 
for  30  years,  so  that  it  cannot  be  contended  that  the  more  rapid  increase  in 
total  bank  deposits  has  been  offset  by  a  decrease  in  the  proportion  of  checking 
deposits  to  total  deposits. 

There  remains  only  one  other  way  in  which  the  increase  in  total  bank 
deposits  could  be  offset,  and  that  would  be  by  a  decrease  in  the  rapidity  of 
turnover  of  checking  deposits.  This,  however,  has  not  occurred.  Prof. 
Fisher  states  that  the  contrary  has  occurred.  But  we  need  not  use  his  esti- 
mates to  prove  this  contention,  for  all  that  is  necessary  is  to  refer  to  Tables 
VI  and  VII.  In  Table  VI  we  see  that  the  ratio  of  bank  deposits  to  total  bank 
clearings  "  adjusted"  for  the  effect  of  New  York  Stock  Exchange  transactions 
has  averaged  about  9  for  the  past  30  years  oscillating,  back  and  forth  from  this 
average.  Table  VII  shows  that  during  the  same  period  the  ratio  of  total 
deposits  to  checking  deposits  has  averaged  2  to  1,  and  that  there  have  been 
only  slight  departures  from  this  average  at  any  time.  Hence  it  follows  that 
the  ratio  of  "adjusted"  annual  bank  clearings  to  checking  bank  deposits (-> 


t>7  conrideriuK  tbe  probable  cbanges  in  each  of  the  four  variables  In  tbe  price 
lennula.  It  la  possible  to  forecast  price  mavementB  wltb  considerable  accuracy. 
It  la  probable  that  the  SO  per  cent  increase  In  gold  that  America  seemed 
dnrlnc  tbe  wn  wW  not  be  materlBll}-  leduced  lor  several  years,  because  Europe 
o«ci  America  0  billion  dollars,  or  more  than  all  the  go 
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There  may  be  some  decrease  in  this  currency  due  to  the  retirement  of  Federal 
Reserve  notes,  but  this  shrinks^  is  likely  to  be  nearly  offset  by  increase  in 
gold.  Hence  when  the  velocity  of  circulation  (V)  returns  to  normal,  and  when 
exports  and  imports  again  reach  a  normal  relation  of  substantial  equality,  we 
shall  have  left  only  one  factor  that  has  changed,  namely  per  capita  currency. 
Since  that  has  increased  60  per  cent,  and  is  not  likely  to  change  rapidly,  the 
new  price  level,  or  new  price  plateau,  will  be  about  60  per  cent  above  the  pre- 
war price  level.  This  price  plateau  will  probably  slope  gently  downward  as 
it  did  after  1867,  following  the  two-year  readjustment  period  when  prices 
declined  rapidly  (see  Table  I).  The  factors  that  will  tend  to  decrease  price 
levels  will  be  an  increase  in  population  (at  about  1.5  per  cent  yearly),  and  an 
increase  in  productivity  efficiency,  which  may  possibly  reach  2  per  cent  annu- 
ally; thus  resulting  in  a  steady  drop  in  the  price  level  at  the  rate  of  about  3.5 
per  cent  annually  from  the  new  level  of  160. 

Table  XXI  shows  the  price  levels  by  months  up  to  Jan.,  1922. 

All  Prices  Tend  to  Seek  the  Average  Price  Level. — ^A  study  of  price  indexes 
shows  that,  although  a  particular  commodity  may  vary  in  its  price  changes 
at  a  rate  somewhat  different  from  that  of  the  average  of  all  commodity  prices 
still  there  is  a  strong  tendency  to  follow  the  average  price  movement. 

Following  the  Civil  War,  building  material  prices  remained  above  the  gen- 
eral price  level  for  fourteen  years.  This  was  due  mainly  to  the  restriction  of 
construction  during  the  four  years  of  war,  and  the  subsequent  strong  demand 
for  construction  materials  when  the  country  b^an  to  make  up  for  the  pre- 
vious subnormal  construction.  Probably  the  same  phenomenon  will  be  wit- 
nessed during  the  next  few  years. 

Tables  XXI  and  XXII  show  price  indexes  of  construction  materials  com- 
pared with  the  average  of  all  commodities.  It  should  be  observed  in  Table 
XXII  that  price  index  for  building  materials  was  55  in  1860,  as  compared  with 
100  in  1913,  indicating  that  the  average  price  of  building  materials  increased 
80  per  cent  during  these  53  years.  On  the  other  hand  the  average  wholesale 
price  of  all  commodities  increased  only  10  per  cent  during  the  same  period. 
This  seems  to  indicate  a  relatively  small  increase  in  the  productive  efficiency 
of  workers  engaged  in  producing  building  materials,  coupled  with  a  growing 
scarcity  of  timber. 

Table  II. — Population,  Currbnct  and  Bank  Dbpobits 

Popu-  Currency      Bank  depoa-     Total  bank 

Year  lation  per  its  per  cap-         depositst 

(June  1)  capita  ita  (July  1)        (miUions) 

1895 30,822,000  $14.35  $35.80*  $1,098* 

1860 31,443,321  13.85  34.60*  1,089* 

1861 32,064,000  13.98  35.00*  1.121* 

1862 32.704,000  10.23  26.60*  837* 

1863 33,365,000  17.84  44.50*  1,488* 

1864 34,046,000  19.67  49.20*  1,674» 

1865 34,748,000  20.58  51.50*  1,787* 

1866 35,469,000  18.99  47.50*  1,684* 

1867 36,211,000  18.29  46.70*  1,665* 

1868 ^ 36.973,000  18.42  46.00*  1,702* 

1869 37.756,000  17.63  44.10*  1,664* 

1870 38,558,371  17.51  43.80*  1,691* 

1871 39,555,000  18.17  45.40*  1,797* 

1872 40.596.000  18.27  47.50*  1.928* 

1873 41.677,000  18.09  48.80*  2,035* 

1874 42,796.000  18.13  50.80*  2,173* 

Foot  Notes: 

*  Estimated  by  multiplyin£(  total  currency  by  2.5  for  the  years  1859  to  1871 
inclusive,  then  by  2.6  for  1872,  by  2.7  for  1873,  and  2.8  for  1874. 


a  ui  oUkt  banks  tor  »eve™i  ye»r«  pi 
Thae  bank  deposiu  are  those  km 
mita,"  which  Hcluda  the  U.  8.  Go 


52  HANDBOOK  OF  CONSTRUCTION  COST 

Tablb  III. — Nbw  York  Stock  Exchanob  Salbs 

No.  of 
Calendar  shares 

year  of  stock 

1889 72,014,600 

1890 71,282,885 

1891 69,031,689 

1892 85,876,092 

1893 80,977.839 

1894 49,075.032 

1896 66,58§!232 

1896 54,664,096 

1897 77,324.172 

1898 112,699,957 

1899 176,421,135 

1900 13&.380,184 

1901 265,944,669 

1902 188.503,403 

1903 161 ,102 , 101 

1904 187.312,066 

1906 263.081,156 

1906 284,298,010 

1907 196.438.824 

1908 197.206.346 

1909 214 . 632 , 194 

1910 164.061 ,061 

1911 127,208,258 

1912 131.128.426 

1913 83.470.693 

1914 47.900.568 

1916 173. 146.203 

1916 233,311,993 

1917 185.628.948 

1918 144. 118.469 

1919 316.787.726 


Bonds 

Stock  value 
in  millions 

at  par 
in  millionfl 

$4,060 

398 

3.978 

379 

3.813 

391 

4.876 

503 

4.661 

301 

3,096 

365 

3.809 

503 

3.330 

386 

4.974 

646 

8.188 

918 

13.430 

768 

9,250 

646 

20.432 

917 

14.219 

961 

11.005 

596 

12.062 

1.037 

21.296 

1.022 

23.394 

672 

14.758 

619 

16.320 

1,062 

19.143 

1,293 

14.126 

634 

11.004 

897 

11,563 

670 

7.171 

494 

3.899 

466 

12.662 

961 

18.870 

1,160 

16.610 

1.047 

12.483 

1.980 

26.906 

3,809 

Tablb  IV. — Bank  Clbabinos  in  Millions  op  Dollars 

(Calendar  Years) 

New  AU  New  All 

Year  York  U.  S.  Year  York  .  U.  S. 

1889 $35,895  $56,175  1905 $93,822  $143,909 

1890 37.458  60.623  1906 104.675  160.019 

1891 33.749  66,718  1907 87.182  145.175 

1892 36.662  62.109  1908 79.275  132,408 

1893 31.261  54,323  1909 103.588  166.608 

1894 24.387  46.68(i  1910 97.276  163,722 

1895 29.841  53.348  1911 92.373  160. 230 

1896 28.870  61,333  1912 100.474  174.914 

1897 33,427  67.403  1913 94,634  169.826 

1898 41.971  68.931  1914 83.019  166.242 

1899 60.761  94.178  1916 110.564  187,818 

1900 62,634  86,206  1916 169.581  260.953 

1901 79.420  118.679  1917 177.405  306,945 

1902 76,328  118,023  1918 178.533  332,351 

1903 66.970  109.209  1919 236.802  417.619 

1904 68,649  112,621 

Foot  Note:  The  bank  clearings  given  in  thtf  Statistical  Abstracts  of  the  U.  S.  are 
for  fiscal  years  ending  Sept.  30.  In  ordinary  times  these  do  not  differ  greatly 
from  those  for  calendar  years  ending  Dec.  31,  but  in  times  of  rapid  business 
changes  they  may  differ  considerably. 
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Tablb  VII.-— Totai<  Bank  Dbposfts  and  Chbckinq  Deposits  or   "Cbbdit 

Curbbncy" 


pillions  of  Dollars) 


Year 


Total 
deposits 


1891 4,482 

1892 4,944 

1893 4,834 

1894 4.849 

1895 5,167 

1896 5,122 

1897 5,245 

1898 5,874 

1899 6,964 

1900 7,627 


Checking 
deposits 

2,325 
2,615 
2,510 
2,578 
2,731 
2,688 
2,747 
3,198 
3,365 
4,305 


Year 

1901. 
1902. 
1903. 
1901. 
1905. 
1906. 
1907. 
1908. 
1909. 
1910. 


Total 
deposits 

8,817 
9.501 
9,953 
10.288 
11.735 
12,546 
13.553 
13,166 
14,687 
15,658 


Checkiog 
deposits 

4.935 
6.367 
6.863 
6.559 
6.860 
7,103 
6,522 
6.888 
7.713 
8,242 


Foot  Note:  Total  bank  deposits  are  taken  from  Table  II. 
are  taken  from  Mitchell's  "Business  Cycles." 


Checking  Deposits 


Table  VIII. — Per  Capita  Producjtivb  Efficiency  (E) 


Year 


(E) 


1869 0.80 

1870 0.82 

1871 0.84 

1872 0.86 

1873 0.88 

1874 0.90 

1875 0.92 

1876 0.94 

1877 0.96 


1878. 

1879. 

1880. 

1881. 

1882. 

1883 

1884 

1885 


0.98 
1.00 
1.02 
1.05 
1.07 
1.09 
1.11 
1.14 


Year 

1886. 

1887. 

1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

1899 

1900. 

1901. 

1902. 


(E) 

1.16 
1.18 
1.21 
1.23 
1.25 
1.26 
1.28 
1.30 
1.31 
1.33 
1.35 
1.37 
1.38 
1.40 
1.41 
1.43 
1.44 


Year 


1915 

1916 

1917 

1918. 

1919. 


(E) 


1903 1.46 

1904 1.47 

1905 1.49 

1906 1.50 

1907 1.52 

1908 1.53 

1909 1.  56 

1910 1.  55 

1911 1.  65 

1912   1.55 

1913      1.  55 

1914 1.  55 


1.  65 
1.  65 
1.  65 
1.  65 
1.  55 


Foot  Note:  During  the  years  1915  to  1919  our  exports  exceeded  our  imports 
by  an  amount  that  was  abnormal  to  an  extent  that  is  equivalent  to  reducing  the 
quantity  of  goods  available  for  domestic  consumption  by  7.5  per  cent.  Accord- 
ingly the  factor  E  in  this  table  must  be  reducea  7.5  per  cent  or  to  1.43  for  the 
years  1915  to  1919  inclusive. 


Table  IX. — Excess  of  Exports  over  Imports 


Calendar 
year 

1915... 
1916  .. 

1917.  . 

1918.  . 
1919.. 

Total. 


$15,284 


B 


Column  "A 


Price 

4- 

Excess 

Index 

column  "B" 

$  1,776 

100 

$1,775 

3,091 

123 

2,513 

3,282 

175 

1,818 

3,118 

196 

1.585 

4.017 

212 

1.872 

$9,764 
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Tabx«b  X. — Gainful  Occupation  Statistics 
(Thousands) 

YcM- 1869    1879    1889    1899  1909 

iUrieulture 5,922       7,714       8,148     10.382  12.668 

Professional 372           603           944       1,259  1.826 

Domestic  and  personal 2.302.     3.418      4,221       5.581  6.361 

Trade  and  transportation' 1,240       1,872       3,326      4,766  7,606 

Manufacturing  and  mechanical. .       2,670       3,786       6,687       7,085  10,807 

Total  gainful  occupation 12,607     17,392     22,318     29,073  38,167 

Total  population 37,756     48,866     61,289     74,318  90,667 

Fishermen 41             60             69  68 

Building  trades 681       1,135       1,212  1,661 

Mines  and  quarries 163           296           631           740  1 ,  177 

TransportaUon' 687       1,131       1,615  2,466 

Foot  Notes: 

*  Manufacturing  and  mechanical  includes  fishing,  building  trades,  mines  and 
quarries,  railway  shopmen. 

'  Transportation  includes  railways  (exclusive  of  shopmen),  telegraph  and  tele- 
phone linemen  and  operators. 


Table  XI. — Crop  Data  for  Two  Pbrioos,  1868  and  1918 

Period  of  1869 

Total 

Millions        Unit  millions. 

Crop                                                                          of  units        price  dollars 

Com,  bu 958        $0. 56  527 

Wheat,  bu 240           1. 00  240 

Oats,  bu 263           0. 40  105 

Barley,  bu 26           0. 60  16 

Hay.  ton 25.70         12.00  308 

Potatoes,  bu 118           0. 60  71 

Cotton,  bale 2. 65         55. 00  146 

Tobacco,  lb 393           0.10  39 

Sugar,  lb 80           0. 025  2 

ToUl 1,454 

Period  of  1918 

Com.  bu 2,871         $0.55  1,579 

Wheat,  bu 784           1. 00  784 

Oats,  bu 1.563           0.43  625 

Barley,  bu 278          0. 60  167 

Hay.  ton 80.41        12.00  965 

Potatoes,  bu 422           0  60  253 

Cotton,  bale.. 11.50         55.0  633 

Tobacco,  lb 1,295          0.10  130 

Sugar,  lb 2,143          0.025  54 

Total 5,190 

Foot  Note:  The  crop   quantities  for  the   "Period  of  1869"  are  the  average 

for  the  three  years  of  1868,  1869  and  1870.     The  crop  quantities  for  the  "Period 
of  1918"  are  the  average  for  the  two  years  of  1917  and  1918. 
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Tablb  XII. — Farming  EmciBNcr 

A  B  C  D  E 

•■Period"  |S  ^i|  -sg  ^.S  I 

IH  1^1  |S|         III  1^ 

n^    nt    14    kz     it 

1860 $246  $430  5,922  $2,545  80.4 

1879 306  536  7,714.  4,130  100. 0 

1889 340  595  8,566  6,103  111.1 

1899 353  613  10,382  6,414  115.4 

1904 359  629  11,522  7,238  117.3 

1909 365  638  12,159  7.767  119.3 

1914 375  647  12.660  8.309  122.5 

1918 383  671  13.060  8.754  125.2 

Foot  Notes: 

Column  A  gives  the  equated  average  annual  gross  output  of  agricultural 
workers,  for  the  9  leading  crops  per  year  per  worker  (see  Table  XI  for  two  typi- 
cal "Periods"). 

Column  B  is  the  value  in  column  A  multiplied  by  1.75,  giving  the  per  worker 
equated  value  of  all  farm  products. 

Column  D  is  one-thousandth  of  the  product  ojf  the  numbers  in  columns  B  and 
C. 

Column  E  is  derived  by  dividing  the  numbers'in  column  A  by  536,  the  536  being 
the  equated  value  of  all  farm  products  per  farmer  for  the  "period"  of  1879;  this 
year,  1879,  being  taken  as  a  standard  for  comparing  the  output  during  each  of 
the  "periods." 

The  word  "period"  is  used  to  designate  the  average  crop  for  three  years,  as" 
explained  in  the  article  and  in  Table  XI. 


Table  XIII.— Mining  Data  for  Two  Ybarb.  1869  and  1918 

Year  1869 

Total 

Millions                  Unit  millions  of 

Mineral                        of  units                  price  dollars 

Coal,  long  tons 29. 38                $     1. 60  44.07 

Copper,  long  tons 0. 01                   300. 00  3. 00 

Iron  ore,  long  tons 3. 03                        2. 00  -6. 06 

Gold,  OS 2. 39                     20. 70  49. 47 

SUver,  oa 9.28                       1.00  9.28 

Lead,  short  tons 0. 02                   100. 00  2. 00 

Zinc,  short  tons 0. 01                    120. 00  120 

Total 115-  08 

Year  1918 

Coal,  long  tons 581.61                 $     1.50  872.42 

Copper,  long  tons 0.89                   300.00  267.00 

Iron  ore,  long  tons 75. 67                       2. 00  151. 14 

Gold.OB 3.31                     20.70  68.62 

Silver.  OS 67.88                      1.00  67.88 

Lead,  short  tons 0. 54                  100. 00  54.00 

Zinc,  short  tons 0. 58                   120. 00  69.60 

Total 1 .650. 66 
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Tablk  XIV. — Mining  Eppicibnct 


B 


D 


E 


Total 

70%  total 

Number 

equated 

equated 

of 

value, 

value, 

miners 

millions 

millions 

Efficiency 

152.107 

$     115 

$  81 

91.7 

234.228 

193 

135 

100.0 

387.248 

354 

248 

110.9 

563.406 

627 

439 

134.8 

670,562 

826 

479 

149.3 

777,719 

1.084 

759 

168.8 

818.647 

1,211 

842 

179.2 

815,230 

1,264 

885 

187.8 

Equated 
output 
Year  per  miner 

1869 $     757 

1879 825 

1889 915 

1899 1,112 

1904 1,232 

1909 1,393 

1914 1.479 

1918 1.550 

Foot  Notes: 

Column  A  gives  the  equated  average  annual  gross  output  of  all  miners  engaged 
injMXKiucing  the  7  leading  minerals.     (See  Table  XIII.) 

Ccrfumn  B  is  the  number  of  miners  thus  engaged. 

Column  C  is  one-millionth  of  the  product  of  the  numbers  in  columns  A  and  B. 

C<^iimn  D  is  70  per  cent  of  column  C,  and  this  is  the  equated  value  produced 
by  the  miners  after  deducting  30  per  cent  for  raw  materials  and  supplies. 

Column  E  is  derived  by  dividing  the  numbers  in  column  A  by  825,  the  825 
being  the  equated  value  of  minerals  per  miner  for  the  year  1879;  this  year,  1879, 
being  taken  as  a  standard  for  comparing  the  output  during  each  of  the  years. 


Tabl:b  XV. — Manupactubinq  Pboductivity  and  Eppicibnct 

A  B  C  D  E 

Total 

value  of 

products, 

millions 

1869 $  4.232 

1879 5,370 

1889 9.372 

1899 13.000 

1899 11,407 

1904 14,794 

1909 20,6Z2 

1914 24.246 


Total 

Value 

Equated 

value  of 

added 

Weighted 

value 

raw  mtls.. 

by  mfg. 

price 

added 

nullions 

milUons 

index 

by  mfg. 

$  2,488 

$1,744 

1.22 

$1,430 

3,397 

1,973 

0.87 

2,268 

5,162 

4.210 

0.86 

4.895 

7,344 

5.656 

0.76 

7.442 

6,576 

4.831 

0.76 

6.357 

8,500 

6,294 

0.84 

7,493 

12,143 

8,529 

0.95 

8,978 

14,368 

9,878 

1.00 

9.878 

Foot  Notes: 

Column  A  gives  the  total  value  of  manufactured  products  in  millions  of 
doUars. 

Column  B  gives  the  total  value  of  raw  materials  and  supplies. 

C^umn  C  gives  the  difference  between  the  values  in  columns  A  and  B.  or  the 
viUue  added  bsr  manufacture. 

Column  D  gives  the  weighted  actual  index  prices  of  all  commodities,  treated 
M  a  percentage. 

Column  E  gives  the  "equated"  value  added  by  manufacture,  which  is  derived 
by  dividing  the  numbers  in  column  C  by  those  in  column  D. 


1  696 

$'  664 

83.9 

830 

791 

100.0 

1.039 

991 

125.3 

1.313 

1.252 

1,252 

158.3 

1.252 

1.252 

158.3 

1,212 

1,212 

153.2 

1.235 

1.235 

156.0 
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Tablb  XV. — MANUFAdTUBXNa  Pboductivitt  and  EmciBNCT — Continued 

F  G  H  I 

Adjusted 
Employee,   Value  per    value  per 
Year  thousands     employe      employe     Efficiency 

1869 2.064 

1879 2,733 

1889 4.713 

/  1899 5.670 

\  1899 5,077 

1904 5.987 

1909 7,405 

1914 8,000 

Column  F  gives  the  thousands  of  employes. 

Column  G  gives  the  annual  value  created  per  employe,  but  for  the  years  1869, 
1879  and  1889  this  includes  the  buliding  trades  employes,  whereas  the  years 
1904,  1909  and  1914  exclude  the  building  trades.  Hence  two  sets  of  figures  are 
given  in  the  table  for  the  year  1899;  the  upper  set  of  figures  includes  the  buUding 
trades,  the  lower  set  excludes  them. 

Column  H  gives  the  equated  value  created  per  employe  after  "adjusting" 
for  the  years  1869,  1879  and  1889  so  as  to  exclude  the  building  trades.  This 
adjustment  is  made  by  taking  95.4  per  cent  of  the  numbers  in  column  G  for 
the  years  1869.  1879  and  1899. 

Column  I  gives  the  efficiency  of  manufacturing  employes,  obtained  by  dividing 
the  numbers  in  column  H  by  791,  which  is  the  adjusted  value  created  by  the 
average  manufacturing  employe  in  1879,  this  year  being  taken  as  a  standard  for 
comparative  purposes. 

Tablb  XVI. — Pkb  Capita  Efficiency  in  the  Productign  of  Whoubbaxjo 

Commodities 

(Column  G  gives  values  for  E  in  the  author's  price  formula.) 

A  B  C  D  E  F  G 

..2  <9       •         *a  ,  -s         , 

C-g  M  .5  j;  ^o  ^ffl 

U  2  ^  fl  ^  •-•as  0*5 


-slg     "Sis     lla       °  ^     ft|^  t 

Sgi3       ""Sa       *'SS        5^3         |o       ^'Sgo 
,?3^      r^^^       ,?2^         ©a  oo       »2*.2l 


1869 $2,545  $1,222  $81  $3,849  37.756  $102  80.3 

1879 4,130  1.937  135  6.202  48.866  127  100.0 

1889 5.103  4.181  248  9.532  61,289  156  122.8 

1899 6.414  6.367  439  13.210  74.318  178  140.2 

1904 7.238  7.493  479  15,310  82,467  186  146.5 

1909 7.767  9.241  759  17,767  90.557  196  154.3 

1914 8.309  9.878  848  19.035  98.646  193  152.0 

1918 8.754  10,866  885  20.505  105,118  195  153.5 

Foot  Notes:  ^ 

C61umn  A  is  taken  from  column  D  of  Table  XII. 

Column  B  is  derived  from  column  E  of  Table  XV,  by  taking  85  42  per  cent  of 
the  numbers  given  there  for  the  years  1869,  1879  and  1889.  in  order  to  eliminate 
the  value  created  by  the  building  trades.  The  $10,866,000,000  for  1918  is 
estimated  in  the  assumption  of  a  10  per  cent  increase  over  1914.  ' 

Column  C  is  taken  from  column  D  of  Table  XIV. 

Column  D  gives  the  total  of  columns  A,  B  and  C. 

Column  F  gives  the  quotient  found  by  dividing  the  numbers  in  column  D  by 
one-thousandth  part  of  the  numbers  in  column  E. 

Column  G  gives  the  quotients  found  by  dividing  the  numbers  in  column  F  by 
127,  so  as  to  express  the  per  capita  efficiency  in  terms  of  that  in  the  year  1879 
taken  as  100  per  cent. 


mstailBls"  and  "metala."  This  was  due  to  a  tnar«  rapid  increase  Id  the 
trera^  productive  efflcienc;  of  tnlneiB  and  metal  manufacturers  than  ol 
producers  or  lumber,  brick  and  other  building  materials.  In  the  article  on 
price  levels  In  the  Nov.  24,  1920  issue  of  Engineering  and  Contracting  It  was 
riiown  that  the  price  iodexaa  of  "building  materials,"  "metals"  and  "all 
BnuQOtUtlce"  weT«  as  follows  (taking  the  average  of  the  year  1013  at  100): 
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Tablb  XIX.  — -Wholbsalb  Pbicb  Indbxbs* 

All  Building 

Year  commodities  materials  Metals 

1840 89  64  166 

1850 83  66  164 

1860 90  55  134 

1870 117  86  186 

1880 93  76  141 

1890 84  72  110 

1900 82  76  106 

1910 97  101  94 

1913 100  100  100 

1920 243  308  186 

*  These  indexes  are  those  of  the  Bureau  of  Labor  and  the  Aldrich  Senate 
Report,  and  are  all  weighted  averages,  except  those  for  "building  materials" 
and  "metals  "  back  of  the  year  1890  which  are  unweighted  averages. 

It  is  worthy  of  note  that  between  1860  and  1913,  "building  materials" 
increased  80  per  cent  in  price,  on  the  average,  whereas  "metals"  decreased 
nearly  30  per  cent.  This  could  scarcely  have  occurred  unless  there  had  been 
a  far  greater  increase  in  productive  efficiency  in  mining  and  metallurgy  than 
in  the  production  of  building  materials  taken  as  a  whole. 

Hence,  while  there  is  a  general  harmony  of  price  movement  of  different 
classes  of  commodities,  each  class  of  commodities  has  its  own  economic  factors 
that  must  be  considered  independently  of  the  factors  that  affect  all  commodi- 
ties in  common. 

Following  our  Civil  War  the  pent  up  demand  for  building  materials  was 
released,  and  it  served  to  hold  the  average  price  to  such  an  extent  that  in 
1880  when  the  price  index  of  " all  commodities"  was  down  nearly  to  the  pre- 
war level  (Tables  XX  and  XXII),  the  price  index  of  building  materials  never 
did  return  to  the  prewar  level.  Such  facts  must  be  borne  in  mind  when 
forecasting  the  probable  movement  of  building  material  prices. 


Tablb  XX. — Wholbsalb  Price  Indbxbs  of  Building  Matbrials  and  Mbtaub 
(The  averages  for  the  year  1860  being  taken  at  100  per  cent) 

All  Building         Metals  and 

Year  commodities        materials        implements 

1860 100  100  100 

1865 191  182  219 

1866 160  187  193 

1867 145  179  179 

1868 151  174  167 

1869 136  166  158 

1870 130  148  139 

1871 124  151  132 

1872 122  167  146 

1873 120  172  149 

1874 121  155  137 

1879 97  115  90 

Foot  Note: 

''All  Commodities"  is  a  weighted  average  wholesale  price  index  of  223 
.commodities. 

The  index  prices  for  "Lumber  and  Building  Materials"  and  for  "Metals  and 
Implements"  are  simple  averages. 

These  index  prices  are  from  the  Aldrich  Senate  Report,  No,  1394. 


capitm  cdnBumptlon  InsMad  of  Id  terms  at  peroentage.  This  Is  expliilued  later. 
Altho  indexes  are  of  necessity  appronlmatlons  based  upon  paitlal  data,  vhen 
properly  made- and  interpreted  they  pOBsasa  sufBcleDt  accuracy  for  practical 
Be.  and  tbey  should  not  be  criticised  or  discredited  because  of  their  lack  of 
cmqilete  malhanallcal  accuracy. 
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We  treat  here  only  of  .wholesale  price  indexes,  aHho  the  U.  S.  Bureau  M 
Labor  Statistic^  publiehes  a  retail  price  index,  and  others  have  been  computed. 
The  greater  difficulty  in  obtaining  the  necessary  data  for  retail  prices — ^particu- 
larly as  afiFecting  the  nation  as  a  whole — accounts  for  the  greater  attenticm 
i^iiich  has  been  given  to  wholesale  indexes,  and  for  the  general  superiority 
of  the  wholesale  to  the  retail  index. 

Index  of  U.  8.  Bureau  of  Labor  Statiatica. — This  index  covers  each  of  9 
groups  of  important  wholesale  commodities,  and  a  total  for,  all  conunodities. 
It  is  calculated  for  each  year  from  1890  to  the  present,  and  for  each  month 
since  January,  1913.  It  is  based  upon  the  sales  of  about  327  commodities 
— the  number  having  varied  slightly  from  time  to  time.  The  commodities 
selected  cover,  as  nearly  as  is  practicable,  all  the  most  in4)ortant  articles  of 
wholesale  trade.  Difficulties  in  obtaining  satisfactory  units  of  compariscm 
have  kept  out  of  the  index  such  things  as  machinery  and  many  other,  sorts 
of  manufactured  goods;  but  the  large  proportion  oi  the  nations  total  transac- 
tions included  in  the  commodities  entering  the  index,  and  the  tendency  of 
price  fluctuations  in  the  omitted  manufactured  articles  to  follow  the  g^ieral 
tendency,  leaves  the  index  as  a  reasonably  accurate  picture  of  genwal  varit^ 
tions  in  wholesale  prices.  In  the  figures  as  now  published,  the  few  changes 
in  commodities  used  have  been  provided  for,  so  that  the  figures  are  consistent 
for  all  the  years  covered. 

Since  it  is  necessary  to  deed  with  a  constant  basic  quantity  of  each  commod- 
ity, some  average  year's  consumption  is  necessary.  The  quantities  traded  in 
the  census  year  1909  are  at  once  the  most  easily  obtained  and  the  most  accur- 
ate available,  and  are  therefore  used  for  multiplication  by  the  prices  oi  each 
index  date  or  p^od. 

For  each  conunodity  group  the  base  is  established  by  multiplying  the  total 
quantity  ai  each  article  marketed  in  1909  by  the  average  price  of  that  article 
in  the  year  1913,  adding  all  the  products  so  obtained  for  the  group,  and  calling: 
the  total  100.  The  sum  of  the  totals  of  the  9  groups  gives  the  base  of  100  for 
all  commodities.  For  all  other  index  dates  similar  calculations  are  made  with 
prices  as  of  those  dates  and  total  quantities  the  same  as  were  used  for  1913, 
so  that  the  total  of  any  group  divided  by  the  corresponding  total  for  1913 
gives  a  true  weighted  average  price  expressed  as  a  percentage  of  the  weighted 
average  price  of  1913. 

Information  as  to  prices  is  obtained  from  both  official  and  private  sources. 
The  same  is  true  of  the  quantities  marketed  in  1909.  Only  products  actually 
sold  are  used  in  the  estimate,  products  not  marketed,  such  as  produce  con- 
sumed on  the  farms  where  it  was  raised,  or  steel  ingots  made  into  other  forms 
in  the  mills  where  they  were  produced  being  distinctly  excluded. 

The  group* classification  and  the  number  of  commodities  entering  into  each 
is  as  foUows: 

1 .  Farm  Products 32  Commodities 

2.  Food,  etc 91 

3.  Clotlies  A  Clothing 77 

4.  Fuel  and  Lighting 21 

5.  Metal,  etc 26 

6.  Lumber  &  Bldg.  Materials 30 

7.  Chemical  and  Drugs 18 

8.  House-Furnishing  Goods 12 

9.  Miscellaneous 21 

Total  All  Commodities 327 


what  lOuaotBlBtod, 
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The  AnndliH  Index. — This  is  an  unweighted  index  baaed  upon  25  different 
articles  ci  food  only,  mean  prices  for  each  we^  being  used.  These  mean  prices 
are  converted  to  relatives  of  the  prices  of  the  period  from  1890  to  1899,  and 
simple  averages  of  the  relatives  are  then  made.  The  Annalist  is  published 
weekly  at  New  York  City. 

Canctdian  Index. — The  Department  of  Labor  of  Canadia  publishes  an  index 
based  upon  271  commodities  corresponding  quite  closely  with  those  of  the 
U.  S.  Bureau  of  Labor.  This  index  is  not  weighted  like  the  Bureau's  index,  for 
it  is  stated  that  in  the  opinion  of  the  compiler  "  an  extended  list  of  articles 
tends  to  weight  itself"  if  judiciously  selected.  The  method  is  similar  to  that 
of  the  Annalist  but  the  calculation  covers  more  than  10  times  as  many  com- 
modities. A  quite  close  agreement  between  the  Canadian  index  and  the  U. 
S.  Bureau  of  Labor  index  indicates  that  there  is  some  Justificatioo  for  the  con- 
tention of  the  Canadian  compiler  as  to  weighting. 

Table  XXI  gives  wholesale  price  indexes  comi»led  by  U.  S.  Dept.  of  Labor, 
from  1913  to  Jan.,  1922.     Averages  for  preceding  years  are  given  in  Table  I. 


Table  XXI. — Index  Numbers  of  Wholesale  Prices  1913  to  June,  1921, 

BY  Groups  of  CoMMODrriEs 
(1913  -  100) 


fe         "S        .M     fl*«!ft       3^     S3    •=«•       «      i  8 

ii  1  2|  Hill  Is  h  h  I  =1 


Si                              S^  §  ^J  S-aigt  'Sg  .S-g  53      a  ag 

1913 100  100  100  100  100  100  100  100  100  100 

Jan 97  99  100  103  107  100  101  100  100  100 

April 97  96  100  98  102  101  101  100   98  98 

July 101  102  100  99  98  101  99  100  101  100 

Oct 103  102  100  100  99  98  100  100  100  101 

1914 103  103  98  96  87  97  101  99   99  100 

Jan 101  102  98  99  92  98  1.00  99   99  100 

April 103  95  99  98  91  99  100  99  101  98 

July 104  104  99  95  86  97  99  99   97  100 

Oct 103  107  97  93  83  96  105  99   96  99 

1915 105  104  100  93  97  94  114  99   99  101 

Jan 102  106  96  93  83  94  103  99  100  99 

April 107  105  99  89  91  94  102  99   99  100 

July 108  104  99  90  102  93  108  99   98  101 

Oct 105  103  103  96  100  93  124  99   99  101 

1916; 122  126  128  119  148  101  169  115  120  124 

Jan 108  113  110  105  126  99  150  105  107  110 

April 114  117  119  108  147  101  172  108  110  117 

July 118  121  126  108  145  99  156  121  120  119 

Oct 136  140  138  133  151  101  150  124  132  134 

1917 189  176  181  175  208  124  198  144  155  176 

Jan 148  150  161  176  183  106  159  132  138  151 

April 181  182  169  184  208  114  170  139  149  172 

July 199  181  187  192  257  132  198  162  153  186 

Oct 208  183  193  146  182  114  252  152  163  181 

1918 220  189  239  163  181  151  221  196  193  196 

Jan 207  187  211  157  174  136  232  161  178  185 

April 217  178  232  157  177  146  229  172  191  190 

July 224  184  249  166  184  154  216  199  190  198 

Oct 224  201  257  167  187  158  218  226  196  204 
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Tmblm  XXI. — Ini>waL.  Numbbbs  of  Wholssaub  Pbicm  1918  to  Jumb,  1921,  bt 

Gbottpb  ov  CoMMODinBB— C<m(inu«d 
(1913-100) 


1.  1 

1919 234 

Jan 222 

Feb 218 

March 228 

April 235 

May 240 

June 231 

July 246 

Aug 243 

Sept 226 

Oct 230 

Nov 240 

Dec 244 

1920 218 

Jan 246 

Feb 237 

March 239 

April 246 

AUy 244 

June 243 

July 236 

Aug 222 

Sept 210 

Oct 182 

Nov 166 

Dec 144 

1921: 

Jan 136 

Feb 129 

March 125 

April 115 

May 117 

June 113 

July 115 

Aug 118 

Sept 122 

Oct 119 

Nov 114 

Dec 113 


1 

Cloths,  and 
clothing 

Fuel  and 
^ghting 

Metals  and 
mfctal  prod- 
ucts 

Building 
materiau 

Chemicals 
and  drugs 

House  f  ur- 
nishi'g  g'dt 

1 

a 

All  com- 
modities 

210 

261 

173 

161 

192 

179 

236 

217 

212 

207 

234 

170 

172 

161 

191 

218 

212 

203 

196 

223 

169 

168 

163 

185 

218 

208 

197 

203 

216 

168 

162 

165 

183 

218 

217 

201 

211 

217 

167 

152 

162 

178 

217 

216 

203 

214 

228 

167 

162 

164 

179 

217 

213 

207 

204 

258 

170 

154 

175 

174 

233 

212 

207 

216 

282 

171 

158 

186 

171 

245 

221 

218 

227 

304 

175 

165 

208 

172 

259 

225 

226 

211 

306 

181 

160 

227 

173 

262 

217 

220 

211 

313 

181 

161 

231 

174 

264 

220 

223 

219 

325 

179 

164 

236 

176 

299 

220 

230 

234 

335 

181 

169 

253 

179 

303 

229 

238 

236 

302 

238 

186 

808 

210 

366 

236 

243 

253 

350 

184 

177 

268 

189 

324 

227 

248 

244 

356 

187 

189 

300 

197 

329 

227 

249 

246 

356 

192 

192 

324 

205 

329 

230 

253 

270 

353 

213 

195 

341 

212 

321 

238 

265 

287 

347 

235 

193 

341 

215 

329 

246 

272 

279 

336 

246 

190 

337 

218 

362 

247 

269 

268 

317 

262 

191 

333 

217 

362 

248 

262 

235 

290 

268 

193 

328 

216 

363 

240 

250 

222 

273 

284 

192 

318 

222 

371 

239 

242 

204 

257 

282 

184 

313 

216 

371 

229 

225 

195 

234 

258 

170 

274 

207 

369 

220 

207 

172 

220 

236 

157 

266 

188 

346 

205 

189 

162 

208 

228 

152 

239 

182 

283 

190 

177 

150 

198 

218 

146 

222 

178 

277 

180 

167 

150 

192 

207 

139 

208 

171 

275 

167 

162 

141 

186 

199 

138 

203 

168 

274 

154 

154 

133 

181 

194 

138 

202 

166 

262 

151 

161 

132 

180 

187 

132 

202 

166 

250 

150 

148 

134 

179 

184 

125 

200 

163 

235 

149 

148 

152 

179 

182 

120 

198 

161 

230 

147 

162 

146 

187 

178 

120 

193 

162 

223 

146 

162 

142 

190 

182 

121 

192 
197 

162 

218 

146 

150 

142 

186 

186 

119 

162 

218 

145 

149 

139 

185 

187 

119 

203 

161 

218 

148 

149 

Tablb   XXII. — Wholesale  Pbicb  Indexes   of   Building  Matbbials   and 

Metals 
(The  averages  for  the  year  1913  being  taken  at  100  per  cent) 

All  Building  Metals  and 

Year                                             commodities  materials  metal  products 

1840 89  64  166 

1846 83  69  147 

1850 83  66  154 

1855 96  57  157 

1860 90  55  134 

61 86  63  133 

62 93  87  156 

61 110  103  189 

64 186  129  266 

66 172  106  293 

66 144  109  .259 
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Tablb  XXII. — ^Wholesale  Pricb  Indsxbs  of   Buildinq   Matbbiai.8  and 

M  ST  ALB — Continued 
(The  averages  for  the  year  1913  being  taken  at  100  per  cent) 

All 
Year  commodities 

67 131 

68 136 

69 122 

1870 117 

71 112 

72 110 

73 108 

74 109 

76 108 

76 1...  104 

77 99 

78 93 

79 87 

1880 93 

81 96 

82 96 

83 94 

84 92 

86 -..  86 

86 86 

87 87 

88 88 

89 89 

1890 84 

91 83 

92 78 

93 78 

94 71 

96 70 

96 67 

97 67 

98 69 

99 76 

1900 82 

01 80 

02 83 

03 84 

04 83 

06 86 

06 91 

07 96 

08 91 

09 94 

1910 97 

11.... 96 

12 99 

13 100 

14 99 

16 100 

16 123 

17 175 

18 196 

19 212 

Foot  Note. — The  index  prices  for  1840  to  1889  are  from  the  Senate  Report 
No.  1394  on  "  Wholesale  Prices,"  by  Nelson  W.  Aldrich,  Mar.  3,  1893.  Those 
for  "all  commodities"  (223  in  number)  are  "weighted"  in  proportion  to  family 
budget  expenses;  but  those  for  "building  materials"  and  for  "metals  and  metal 
products  are  unweighted  or  simple  averages,  and  therefore  not  so  reliable,  down 
to  1889. 

The  index  prices  from  1890  to  1919  are  all  "  weighted"  in  prc»>ortion  to  annual 
consumption  and  are  compiled  by  the  U.  S.  Bureau  of  Labor.  See  Tables  XXIII 
and  XXIV. 


Building 

Metals  and 

naterials 

metal  products 

104 

240 

101 

224 

97 

212 

86 

186 

88 

177 

87 

196 

100 

200 

90 

184 

84 

176 

80 

168 

73 

141 

68 

126 

67 

121 

76 

141 

76 

130 

80 

133 

78 

126 

76 

111 

74 

107 

76 

106 

74 

105 

73 

107 

72 

106 

72 

110 

70 

101 

67 

04 

68 

86 

66 

72 

66 

78 

,   63 

'   81 

62 

72 

66 

72 

71 

109 

76 

106 

78 

98 

77 

78 

80 

97 

81 

89 

85 

98 

94 

107 

97 

121 

92 

94 

97 

93 

101 

94 

101 

90 

09 

100 

100 

100 

97 

88 

94 

97 

101 

149 

124 

208 

150 

180 

194 

161 
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Tajkm  XXIII.  — Gboup  5,  Mxtals  and  Mbtal  Pboducts,  Quamtitix*  and 

Wholbsalk  Values  in  1919 

Unit  Quantity  Value 

(OOe  omitted)  (000  omitted) 
Bar  Iron: 

Best  refined,  PhiU lb.  1.083.265         $      41,881 

Common,  from  mill,  Pitts lb.  1 ,  083 .  265  36 ,  614 

Copper: 

Ingot,  electrolytic lbs.  1 .312,438  250.807 

Wire,  bare,  No.  8 lb,  278,964  61 .930 

Iron  Ore,  Mesabi,  Bessemer Long  ton  52,310  327.539 

Lead,  pig,  desilverised lb.  732,153  42,318 

Lead  pipe 100  lb.  1,058  7,688 

Nails,  wire keg  13.916  48,961 

Pig  Iron: 

Basic  Long  ton  1.742  48.248 

Bessemer do.  1.168  36,362 

Foundry : 

No.  2  northern Long  ton  2.557  77,512 

No.  2  southern do.  2,557  82,271 

IHpe,  cast  iron,  6  in Ton  1,146  65,896 

Silver,  bar,  fine Ounce  151 ,969  170.935 

Steel: 

Billets.  Bessemer Long  ton  4.972  201 .557 

Plates,  tank  H  in.  wide lb.  5,256.756  142.458 

Rails,  standard — 

Bessemer Ton  1,767  83.516 

Open-hearth Ton  1,257  61.925 

Structural lb.  4,996,876  139.413 

Tin : 

Pig lb.  94.248  61.742 

Plate,  coke 100  lb.  12,968  91 ,736 

Wire: 

Barbed,  galvanized 100  1b.  6,471  28,907 

Plain  annealed  Nos.  0  to  9. ..  do.  9.580  29,827 
Zinc: 

Sheet 100  1b.  576  5.666 

Spelter  (pig  lino)  western lb.  464,903  34,403 

ToUl $2, 179,612 

This  table  compiled  from  Bulletin  No.  269,  U.  S.  Bureau  of  Labor  Statistics. 

Tablb  XXIV. — Group  6,  Lumbeb  and  Building   Materials,  Quantitibs 

AND  Wholesale  Values  in  1919 

Quantity  Value 
Unit             (000  omitted)     (000  omitted) 

Brick,  common:  Chicago  run  of 

kilnsalmon 1,000  3,264             $       29,202 

Ondniiati,  red,  building 1,000  3,264  44,336 

New  York,  red,  building 1,000  3,264  52,088 

Cement,  PortUind,  Domestic . . .  bbl.  65 ,  435  207 , 1 15 
Glass: 
Plate,  polished,  glasing — 

3  to  5  sq.  ft sq.ft.  24,861  11,498 

50  to  10  sq.  ft sq.ft.  24,861  14,482 

Window,    American,    single, 
25  inch: 

A 50  sq.ft.  3,461  24,951 

B 50  sq.ft.  3,461  23,439 

Uth,  eastern  spruce,  1 H  in.  slab  1 ,  000  4 .  388  28 .  293 

lime,  conunon bbl.  23.278  62. 224 

Lumber: 
Douglas  fir — 

No.  1 1,000  ft.  3.642  92,568 

No.  2  and  better do.  1.214  48.155 

HeoOock do.  3.Q51  121.277 

Maple do.  1.107  76,014 

Oak  White- 
Plain 1.000  ft.  1,471  150.226 

Quartered do.  2.943  461,683 


68 


HANDBOOK  OF  CONSTRUCTION  COST 


Tabi/S  XXIV. — Group  6,  Lumbbb  and  Buildino  Matbbialb,  QuANrrraBB 

AND  Wholxsalb  Valubs  IN  1919 — Continued  ^ 

Quantity  Value 
Unit            (000  omitted)  (000  omitted) 
Pine- 
White,  boards,  No.  a  barn,              do.                      3,510  223,909 

White,  boards  uppers do.                         39.0  54,827 

Yellow,   flooring do.                     10,173  801,971 

Yellow,  siding do.                       6, 104  332,668 

Poplar,  yellow do.                           859  94.490 

Spruce,  eastern do.                        1 ,749  79,798 

Paint  Materials: 
Lead,    carbonate    of    (white 

lead) lb.                     247,237  32,437 

Linseed  oil.  raw gal.                   102,528  181 ,352 

Turpentine,  spirits  of do.                       29 , 765  36,022 

Zinc,  oxide  of  (zinc,  white). . .             lb.                     143,550  12,532 

Putty do.                       63,502  2,959 

Rosin,   common    to  good, 

strained bbl.                        3,673  55.831 

Shingles,  16  in.  long: 

Cypress 1,000                     1,387  8.376 

Red  Cedar 1,000                  12.005  53.882 

Total $3,418,604 

This  table  compiled  from  Bulletin  No.  269,  O.  S.  Bureau  of  Labor  Statbtics. 


Tablb  XXV. — Rblativb  Importance  op  Wholbsalb  CoMMODiriBa 

1909 1919 

Millions       Per  Cent       Millions  Per  Cent 

1  Farm  Products $4,056          27.58        $9,891  28.14 

2  Food 3,876           26.34             8.592  24.45 

3  Cloths  &  Clothing 1,648           11.23             5.014  14.26 

4  Fuel  A  Lighting 1 ,518           10. 32             8,057  8. 70 

5  Metals 834             5.67             2,180  6.20 

6  Building  Materials 1.685           11.47            3,419  9.73 

7  Chemicals 184             1.24                 398  1.13 

8  Furniture 65             0.42                 184  0.51 

9  Miscellaneous 844             5.72             2,414  6.87 

Total $14,710         100.00         $35,149  100.00 

From  Bulletin  No.  269,  U.  S.  Bureau  of  Labor  Statistics. 


Average  Wholesale  Prices  of  Important  Commodities,  Used  in  Construc- 
tion, 1890  to  zpao. — Tables  XXVI  and  XXVII  are  prepared  from  data  given 
in  Bulletin  No.  269  of  the  Bureau  of  Labor  Statistics,  U.  S.  Department  of 
labor  and  from  further  information  obtained  from  the  Bureau,  by  letter. 

As  stated  in  Bulletin  No.  269,  the  average  prices  shown  in  the  tables  are,  in 
all  instances  where  this  information  could  be  obtained,  based  on  first-hand 
transactions  in  primary  markets.  Thus  the  pig-iron  prices  are  those  to 
foundry  operators  and  large  steel  .makers.  Steel  prices  are  to  jobbers  or 
large  manufacturing  consumers. 

In  collecting  prices  for  inclusion  in  these  tables  the  aim  was  to  secure  quota- 
tions on  those  particular  grades  or  qualities  of  an  article  that  represent  the 
bulk  of  sales  within  the  class. 

It  is  obvious  that  in  order  to  arrive  at  a  strictly  scientific  average  price  for 
any  period  one  must  know  the  precise  quantity  marketed  and  the  price  at 
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Tablb  XXVI. — Continued 


-Copper- 


Lead:  pig       Lead  piiM 


Sheet:  hot 

rolled 
(base  sizes) 
(New  York) 
Year  per  pound 

1890 $0,228 

1891 190 

1892...' 160 

1893 •.ISO 

1894 143 

1865 143 

1896 143 

1897 146 

1898 140 

1899 218 

1900 .207 

1901 209 

1902 178 

1903 192 

1904 180 

1905 199 

1906 238 

1907 279 

1908 179 

1909 179 

1910 180 

1911 166 

1912 213 

1913 212 

1914 188 

1915 225 

1916 359 

1917 391 

1918 338 

1919 285 

1920 284 


Wire:  bare,    (New  York)    (New  York) 


(f.o.b.  mill) 
per  pound 

$0,188 
.165 
.144 
.135 
.116 

.124 
.106 
.138 
.138 
.183 

.180 
.182 
.133 
.150 
.144 

.170 
.211 
.240 
.152 
.148 

1.44 
.139 
.175 
.167 
.147 

1.185 
.305 
.359 
.276 
.222 
.219 


• Pig  iron- 

Foundry, 

Bessemer  No.  2, 
northern 

(Pittsburgh)  (Pittsburgh) 

per  per 

Year              long  ton  lont  ton 

1890 $18,873  $17,150 

1891 15.590  15.396 

1892 14.367  13.773 

1893 12.869  12.440 

1894 11.378  10.846 

1896 12.717  11.675 

1896 12.140  11.771 

1897 10.126  10.100 

1898 10.332  10.027 

1899 19.033  17.350 

1900 19.493  18.506 

1901 15.935  14.719 

1902 20.674  21.240 

1903 18.976  19.142 

1904 13. 756  13. 625 


per  pound 

$0,044 
.044 
.041 
.037 
.033 

.033 
.030 
.036 
.038 
,045 

.045 
.044 
.041 
.043 
.044 

.048 
.059 
.055 
.042 
.043 

.045 
.045 
.044 
.044 
.039 

.046 
.068 
.091 
.074 
.058 
.081 


(Cincinnati) 

Gray  forge.  Foundry 

southern.  No.  2 

coke,  southern, 

per  per 

long  ton  long  ton 

$14,500  

12.517  

11.792  

10.635  

8.938  

10.323  

9.604  

8.802  

8.719  

15.063  

15.604  

12. 552  

17. 604  

16. 229  

11.677  


per 
100  pounds 

$5,400 
5.600 
5.183 
5.000 
4.433 

4.200 
4.100 
4.317 
4.600 
5.350 

5.121 
5.048 
5.217 
5.196 
4.795 

5.225 
6.421 
6.705 
4.740 
4.821 

5.061 
5.028 
5.201 
5.082 
4.523 

5.301 
7.598 
10.068 
8.887 
7.266 
9.782 

Steel 

Billets: 

Bessemer 

(Pittsburgh) 

per 

long  ton 

$30,468 
25.329 
23.631 
20.436 
16.578 

18.484 
18.833 
15.080 
15.306 
3V.117 

25.068 
24. 131 
30.599 
27.912 
22. 179 
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Table  XXVI. — Continued 


Year 


1890. 
1891. 
1892. 
1893. 

1894. 

1895. 
1896. 
1897. 
1898. 
1899. 

1900. 
1901. 
1902. 
1903. 
1904. 

1906. 
1906. 
1907. 
1908. 
1909. 

1910. 
1911. 
1912. 
1913. 
1914. 

1915. 
1916. 
1917. 
1918. 
1919. 
1920. 


1 

1 
Plate: 

ce  at 
York 
100 

mds 

rin 

domest 

CToke 

Pitta 
per 
poi 

Wire:  fence 

Barbed: 
galvanised 

F.o.b. 
Chicago, 
per  100 
pounds 

$3,567 
3.219 
2.766 
2.519 
2.175 

2.246 
1.963 
1.800 
1.838 
3.170 

3.394 

3.38 

2.954 

2.738 

2.608 

2.383 
2.428 
2.634 
2.022 
2.359 

2.133 
2.180 
2.134 
2.309 
2.152 

2.535 
3.515 
4.527 
4.594 
4.467 
4.724 

Zii 

Sheet 

(La  SaUe. 

lU.) 

per  100 
pounds 

$  6.064 
5.719 
6.490 
4.994 
3.950 

4.522 
4.940 
4.940 
6.498 
7.004 

6.095 
5.558 
6.731 
6.018 
6.609 

6.286 
7.173 
7.486 
6.440 
6.643 

7.019 
7.048 
7.924 
7.246 
6.919 

16.168 
18.783 
18.093 
14.238 
9.837 
11.338 

QO 

Spelter 

York) 

per  pound 
$0,066 

Col 

New 

per 

poi 

,  f.o.b. 
burgh 
100 
inds 

.  .61 

.047 

.041 

.036 

.036 

$3 

435 
.182 

850 
.191 

678 
190 
123 
940 
603 

707 

861 

090 

890*. 

737 

840 
865 
657 

.040 

3 

.042 

2 

046 

4 

.059 

4 

.044 

4 

.041 

4 

.049 

3 

.066 

3 

.062 

3. 

.069 

3 

.062 

4 

.062 

3 

.048 

3. 

.066 

3, 

.066 

3. 

.058 

3. 

$3,456 
3.558 
3.369 

3.242 
5.057 
8.864 
7.727 
7.074 
7.558 

.071 
.058 

.      .053 

.144 

.140 

.093 

.083 

.074 

.081 

Table    XXVII. — ^Avsraqe    Price    of   Lumber    and    Building    Materials 

Brick:  common Cement 

Salmon:  Red: 

run  of  klin.    (Cincin- 

(Chicago)        nati) 


Year 

1890 

1891 

1892 

1893 

1894 

1896 

1896. _ 

1897.  .: 

1898 

1899 


per  M         per  M 


Red: 
domestic 
(New 
York) 

Portland: 

(New 

domestic 
York) 

per  M 

Series  1, 
per  barrel 

Series  2, 
per  barrel 

$6,663 
5.708 
5.  771 
5.833 
5.000 

•   ••••• 

5.313 
5.063 
4.938 
5.750 
5.688 

$1,960 
2.000 
1.967 
1.998 
2.048 
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Table  XXYll.— Continued 


-Brick:  common- 


Salmon:        Red: 
run  of  kiln    (Cincin- 
(Chicago)       nati) 


Year  per  M  per  M 

1900 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

1913 $4,938         $7,000 

1914 4.872  6.750 

1915 4.780  6.250 

1916 4.783  6.750 

1917 4.947  8.438 

1918 7.449  12.938 

1919 8.947  13.583 

1920 11.441  17.467 


Red: 
domestic 

(New 
York) 

per  M 

$5,250 
5.768 
5.385 
5.906 
7.495 
8.104 
8.547 
6.156 
5.104 
6.385 

5.719 
5.891 
6.760 
6.563 
5.531 

6.052 

8.035 

8.885 

11.927 

15. 958 

21.854 


Cement 

Portland:  domestic 

(New  Yord) 

Series  1.  Series  2. 

POT  barrel  per  barrel 

$2. 158  

1.890  

1.950  

2.029  

1.460  

1.427  

1.575  

1.646  

1.460  

1.412  

1.448  

1.461  

1.315  

1.580  

1.580  

1.453  $1,434 

1.689 

2.094 

2. 647 

3. 165 

4.377 


-Glass:  plate- 


Tear 


Polished,  area  3  to  Polished,  area  5  to 

5  sq.  ft.  10  sq.  ft. 

(New  York)  (New  York) 

Un-  Un- 

ailvOTed,    Glazing,  silvered,     Glazing, 

Per             per  per             per 

square       square  square        square 

foot     foot  foot     foot 


1890 

.      $0. 530 

$0,700 

1891 

.520 

.690 

1892 

.420 

.550 

1893 

.420 

.560 

1894 

.330 

.450 

1896 

.300 

.480 

1896 

.340 

.540 

1897 

.200 

..320 

1898 

.270 

.430 

1899 

.300 

.480 

1900 

.340 

.540 

1901 

.320 

.490 

1902 

.258 

.411 

1903 

.363 

.431 

1904     .    . 

.228 

.365 

1905 

.241 

$0. 198 

.373 

$0. 306 

IW 

.227 

.330 

1W7        . 

.230 

.340 

ll» 

.173 

.276 

1109 

.202 

.282 

Glass:  window 

American,  American, 

single,  25-in.,  single,  B, 

6  by  8  to  10  25-in.,  6 

by  15  in.  by  8  to  10 

(New  York)  by  15  in. 

(New 

A  A,         A,  York) 
per  60    per  50    per  50  sq. 

sq.  ft.     sq.  ft.  ft. 

$2.228 $1,786 

2.213 1.770 

1.994 1.595 

2.138 1.710 

1.992 1.633 

1.699 1.392 

1.802 1.600 

2.199 1.963 

2.  643 2.  343 

2.  708 2.  399 

2.699 2.319 

4.128 3.282 

3.219     2.565 

2. 640 2.  160 

2. 887     2. 328 

2.764 2.137 

2.920 2.256 

2.813     2.242 

2.360 1.881 

2.320     1.849 
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Tablb  XXVII.— CorUtnwd 


Year 

1910. 

1911. 

1912. 

1913 

1914. 

1915. 
1916. 
1917. 
1918. 
1919. 
1920. 


-Glass:  plate- 


uiass:  piate 

Polished,  area  3  to    Polished,  area  5  to 
5  sq.ft.  10  sq.ft. 

(New  York)  (New  York) 


-Glass:  window- 


American.      American, 
single,  25-in.,    single,  B, 


Un- 
silvered, 

per 
square 

foot 


Glasing, 
per 

square 
foot 

$0,249 
.225 
.217 
.237 
.211 

.187 
.292 
.340 
.361 
.463 
.745 


Un- 
silvered, 

per 
square 
foot 


6  by  8  to  10 

by  15  in. 
(New  York) 


Glasing, 
per 

square 
foot 

$0,348 
.316 
.297 
.318 
.291 


AA.       A. 

per  50  per  50 

sq.ft.  sq.  ft. 

$2,930  

2.253  

2.240 

2.720  $2,274 
2. 274 


.253     2. 550 

.338       3.150 

.393     4. 123 

.453     6. 322 

.583     7. 209 

.809     6.900 


25-in,6 

by  8  to  10 

by  15-in. 

(New 

York) 

per  50  sq. 
ft 

$2,338 
1.796 
1.785 
2.221 
2.168 

2.423 
2.49^ 
3.325 
5.689 
6.772 
6.555 


Lath: 

eastern 

spruce, 

IH-inch 

slab 

(New 

York) 

Year  per  M 

1890 

1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

1899 

1900 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 ^- 

1910 

1911 

1912 

1913 $4,284 

1914 3.904 

1915 3.839 

1916 4.221 

1917 4.938 

1918 5.000 

1919 6.448 

1920 14.354 


-Lumber- 


-Lime:  common 

— (New  York) Douglas  fir:  Douglas  fir. 

No.  1,  No.  2. 

common      and  better, 
drop  siding 
(F.o.b.  mill  Wash.  State: 


Rockport,  Eastern, 

per  barrel  per  barrel 

$0,979  

.913.  

.929  

.929  

.848  

.781  

.694  

.719  

.742  

.798  

.683  

.774  

.806  

.788  

.825  

.891  

.947 

.949  

1.045  

1.045  

1.045  

1.108  

1.085  

1.078  

1.023  

1.167  $1,240 

1.405 

1.760 

2. 309 

2. 673 

4.322 


per  M  feet    per  M  feet 


$9,208 
7.917 

7.875 
10. 375 
15. 875 
18.250 
25.417 
29.917 


$17,333 
14.292 

14.292 
18.583 
23.917 
28.000 
39.667 
54.750 
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Table  XXVII. — Cmtinued 
Lumber  (New  York>- 


Maple: 

Hemlock  hard 

per  per 

Year  M  feet  M  feet 

1800 $12.  583  $  26.  500 

1891 12.458  26.500 

1802 12.292  26.500 

1893 12.000  26.500 

1894 11.708  26.600 

1895 11.146  26.600 

1896 11.167  26.500 

1897 11.000  26.500 

1898 11.750  26.500 

1899 13.521  26.542 

1900 16.600  27.500 

1901 15. 000  26.  708 

1902 15.833  28.583 

1903 16.792  31.667 

1904 17.000  31.000 

1905 17.875  30.500 

1906 21.896  31.000 

1907 22.  250  32. 260 

1908 20.875  31.625 

1909 20.683  31.000 

1910 20.625  31,800 

1911 20.682  34.318 

1912 21.456  36.456 

1913 24.227  36.364 

1914 24.396  38.600 

1915 21.591  38.500 

1916 23.542  40.683 

1917 27.708  49.708 

1918 33.929  60.126 

1919 39.750  68.667 

1920 56.667  143.750 


Pine:  white,  boards 

Oak:  Oak:      No.  2  barn 

white,        white,     Buffalo  New  York 

plain     quartered     market,  inarket, 
per             per  per 

M  feet       M  feet  M  feet 

%  51.468  $16,792  

63. 683     17. 000  

63.000     17.146  

63. 000     18. 625  

61. 125     18. 167  

63. 250     17. 250       

64.500     16.600  

53. 833     16. 833  

62. 500     15. 500  

60. 521     18. 292  

64.468     21.500  

69. 167     20. 875  

63.083     23.500  

74. 792     24. 000  

80.760     23.000  

80.  250     24. 167        

79.167     29.750  $33,260 

80.000  37.417 

80.167  36.376 

84.333 37.104 

87.460 38.052 

87. 182  38. 376 

86.600  37.227 

88.318  36.864 

88.333  37.600 

86. 600  37. 500 

86. 500 37.  500 

90.000  49.125 

104.271  60.417 

166. 875  63. 792 

296.  260 : 


per 
M  feet 
$  37. 875 
38.000 
38.468 
38.750 
37.260 

36.260 
36.250 
36.250 
36.260 
38.958 

40.833 
36. 771 
40. 876 
44.833 
•  46.500 

47. 333 
50.417 
56.208 
49.292 
48.417 

64.250 
64.682 
56.227 
60.591 
60.042 

67. 682 
61.333 
66.292 
75.  626 
102. 125 
204.667 


Lumber  (New  York) 

Pine:  white,  boards,  uppers. 

Pine: 
Buffalo        New        yellow, 
market,       York        flooring 
market 


-Lumber- 


Year 


pe: 
Mf< 


r  per 

Ml 


feet 


feet 


I 


er 
feet 


1890 $44,083 

1891 45.000 

1892 46.142 

1893 48.500 

1804 46.417 


Pine:  yellow,  siding  Poplar      Spruce 
(New 

York)    (Norfolk  (New         (New 

market)   Va.,  mar-  York)        York) 

per       ket)  per  per            per 

M  feet      M  feet  M  feet      M  feet 

$20.760 $30.  600  $16.  292 

19.958 30.600    14.218 

18.500 30.604     14.854 

18.600 33.625     13.771 

18.500 31.750     12.708 


1895 46.000 16.917 

1806 46. 625 16.  417 

1807 46. 333 16. 438 

1808 46. 083 18.  625 

1800 60. 458 20. 042 


1900. 

1901 

1902 

1903. 

1904. 


67.500  20.708 

60.417  19.667 

74.833 21.000 

80.000 21.000 

81.000 21.417 


31.000 
31.000 
30.  667 
30.000 
34.021 

37.  688 
36. 708 
42.104 
49.646 
50.329 


14.250 
14.250 
14.000 
13.760 
15. 396 

17.375 
18.000 
19.250 
19. 188 
20.500 
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Table  XXVU.^CorUintuid 

Lumber  (New  York)—   Lumber 

Pine:  white,  boards,  uppers. 

Pine:     Pine,  yellow,  aiding  Poplar      Spruce 
Buffalo        New        yellow,       (New 

market,      York       flooring        York)  (Norfolk  (New         (New 

market                       market    Va.,  mar-  York)        York) 

per            per            per            per        ket)  per  per            per 

Year              M  feet      M  feet       M  feet      M  feet      M  feet  M  feet    M  feet 

1906 $82.000 $24.917 $48,208  $21,417 

1906 84. 750  $  88. 250 29.333 50.958     26.542 

1907 97.083 30.500 58.083     24.000 

1908 96.083  $  43.917     30.500 58.292     20.792 

1909 93. 042       45. 833     33. 042 57. 625     26.  250 

1910 98.800       46.300     30.800 61.500     24.600 

1911 100.500       46.546     30.691 61.691     24.273 

1912 101.046       44.546     33.136 61.500     26.955 

1913 103.500      44.591     32.136 61.727     27.864 

1914 103. 500       42. 750     29. 625 60. 667     27. 417 

1915 103.500       39.591     28.182 58.909     27.000 

1916 103.500       39.375     31. 818  $26,917  60.292     28.250 

1917 112.500       50.909 36.208  63.458     36.000 

1918 130.792       60.750 42.917  84.708     39.625 

1919 140. 583       78. 833     54. 500  110. 000     45.  625 

1920 145.417 95.750       195.636 


-Paint  materials- 


Lead,  car- 
bonate of 
(white  lead ) : 

American,  Linseed  oil,     Turpentine,    Zinc,  oxide  of 

in  oil  raw              spirits  of       (xino  white) 

(New  York)  (New  York)  (New  York)    (New  York) 

Year                     per  pound  per  gallon 

1890 $0,064  $0,616 

1891 065  .484 

1892 066  .408 

1893 061  .463 

1894 052  .524 

1895 053  .524 

1896 052  .368 

1897 054  .328 

1898 054  .393 

1899 057  .427 

1900 063  .629 

1901 058  .636 

1902 054  .693 

1903 062  .417 

1904 059  .416 

1905 063  .468 

1906 069  .405 

1907 070  .434 

1908 065  .438 

1909 064  .580 

1910 069  .847 

1911 071  .879 

1912 068  .673 

1913 068  .462 

1914 068  .502 

1915 070  .562 

1916 093  .751 

1917 112  1.107 

1918 127  1.597 

1919 131  1.769 

1920 152  1.459 


per  gallon 

per  pound 

$0,408 

$0,043 

.380 

.042 

.323 

.043 

.300 

.041 

.293 

.037 

.292 

.035 

.274 

.038 

.292 

.038 

.322 

.040 

.458 

.044 

.477 

.045 

.373 

.044 

.474 

.044 

.572 

.046 

.576 

.046 

.628 

.047 

.665 

.051 

.634 

.054 

.453 

.051 

.491 

.052 

.683 

.054 

.679 

.054 

.470 

.052 

.428 

.054 

.473 

.054 

.459 

.067 

.491 

.092. 

.488 

.100 

.594 

.100 

1.210 

.087 

1.734 

.089 
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Tabls    XXVII. — CanHnued 


Year  or  month 

1890 

1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

1899 

1900 

1901 

1902 

1903 

1904 

1905 

Shingles: 

cypress, 

16  inches  loi 

(New 

OrleAns) 

per  M 

$3,350 
3.250 
3.150 
3.000 
2.800 

2.650 
2.500 
2.350 
2.500 
2.663 

2.850 
2.850 
2. 671 
2.567 
2.600 

2.  725 

3.  242 
4.225 
3.538 
3.  267 

3. 492 
3.608 
3.483 
3.542 
3.329 

3.067 
3. 446 
4.054 
5.425 
6.039 
8.067 

(BuffaV 

og 

White  pine, 
18  inches 
long, 

per  M 

$3,842 
4.000 
3.906 
3.850/ 
3.750 

3.700 
3.613 
3.542 
3.552 
3.679 

4.000 
4.188 

—Shingles — 

0,  N.  Y.)— 

Michigan 
white  pine, 
16  inches 
long, 

per  M 

•   ••••• 

$3,263 
3.588 
3.650 
3.575 

3.500 
>« 

(Wash. 
State) 

Red  cedar 
16  inches 
long, 

per  M 

$1,688 
2.213 
2.696 
2.013 
2.004 

2.008 
1.813 
1.939 
1.967 
1.713 

1.664 
1.910 
2.818 
2.794 
4.488 
4.723 

Tar 

(Wilmington, 

N.  C.) 

per  barrel 

$1,475 
1.583 
1.300 
1.046 
1.092 

1.142 
1.013 
1.054 
1.098 
1.246 

1.363 
1.282 
1.325. 

1.679 

1.679 

1.758 

1906 

1.958 

1907 

• 

2  329 

1906 

1  6(X) 

1909 

1  638 

1910 

2  254 

1911.. 

2  125 

1912 

2.000 

1913 

2.226 

1914.  .. 

2. 188 

1915. 

1.733 

1916 

2.254 

1917.     . 

3. 192 

1918    . 

3.677 

1919 

4.452 

1920 

•  ■  • 

■    ■  • 

5.123 

Relation  of  Cast-iron  Water  Pipe  and  Gray  Forge  Iron  Prices. — Figs.  5  and 
6,  giY6Q  in  the  Annual  Review  Section  of  Iron  Age,  published  Jan.  6,  1921. 
ibow  dearly  the  fluctuations  in  the  prices  over  a  period  of  18  years  and  indi- 
cate, as  might  be  expected,  that  the  variations  in  price  of  cast  iron  pipe  are 
Uigely  due  to  the  variations  in  the  price  of  the  pig  iron  from  which  the  pipe  is 
made. 

Prkes  of  Cast  Iron  Water  Pipe  During  the  Past  60  Years. — Interesting 
statifltics  on  the  price  of  cast  iron  pipe  were  presented  by  Burt  B.  Hodgman, 
Chief  Engineer  of  the  National  Water  Main  Cleaning  Co.,  in  a  paper  pre- 
sented at  the  1917  annual  meeting  of  the  American  Water  Works  Association. 
In  his  paper,  an  abstract  of  which  is  given  in  Engineering  and  Contracting, 
Aug.  29.  1917,  Mr.  Hodgnum  gives  the  prices  actually  paid  for  cast  Iron 
pipe  by  the  city  of  Boston,  Mass.,  during  the  past  50  years. 
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In  1832  Richmond,  Va.,  purchased  10-in.  pipe  from  Samuel  &  Thomas  S. 
Richards  at  Philadelphia  for  $1.38  per  foot,  the  pipe  being  in  9-ft.  lengths  and 
H«  in.  in  thickness.  This  amounts  to  about  $54  per  ton  of  2,000  lb.,  and  the 
price  was  for  pipe  delivered  at  Richmond.  The  cost  in  1832  of  other  sizes  of 
pipe  was  as  follows: 

Per  foot 

8-in.  pipe  was $1.  25 

6-in.  pipe  was 70 

4-in.  pipe  was 45 

3-iii.  pipe  was 37 

In  1844  3-in.  pipe  was  bought  for 30 

In  1854  16-ln.  and  8-in.  pipe  was  purchased  in  Richmond  from  R.  A  S.  H. 
Jones  at  $52.50  per  long  ton.  The  pipe  was  cast  at  Florence,  N.  J.  In  1832 
10-in.  valves  were  purchased  in  Richmond  at  $70,  8-in.  valves  at  $56,  6-in. 
valves  at  $44.50, 4-in.  valves  at  $30  and  3-in.  valves  at  $28. 


Pbicks  or  Cast  Iron  Pipb  and  Spbcials 


Elgin,  IlL 


Year 


Pipe      Specials 


Rochester,  N.  T. 
Year  Pipe      Speciab 


1887 $34. 70 

1888 34.70 

1889 24.70 

1890 28.00 

1891 27. 40 

1892 27.00 

1893 26.50 

1894 24.70 

1896 24.70 

1896 28.  00 

1897 28.00 

1898 23.  85 

1899 23.50 

1902 24.00 

1905 30.00 

1906 27.00 

1907 21.40 

1908 21.00 

1909 23.00 

1910 22.50 

1911 23.00 

1912 23.45 

1913 23.50 

1914 23.  70 


$55.00 
55.00 
45.00 
50.00 
42.50 
42.75 
42.50 
41.50 
41.50 
50.00 
48.50 
45.00 
43.50 
45.25 
50.00 
46.50 
41.40 
42.50 
45.00 
45.00 
44.75 
45.00 
45.00 
45.25 


1884 $30.00 

1885 27.90 

1887 34.00 

1890 24.50 

1891 23.  20 

1892 21.20 

1894 18.68 

1895 18.90 

1896 18.25 

1897 16.70 

1898 15.27 

1899 22.00 

1900 25.25 

1901 20. 80 

1902 26.75 

1903 32.50 

1904 22. 80 

1905 25.40 

1906 26.80 

1907 23.20 

1908 24.30 

1909 22.70 

1910 24.00 

1911 20.70 

1912 21.20 

1913 24.25 

1914 21.95 


$45.00 
60.00 
60.00 
46.00 
46.00 
45.00 
45.00 
40.00 
40.00 
38.00 
35.00 
50.00 
45.00 
45.00 
60.00 
70.00 
50.00 
50.00 
55.00 
60.00 
50.00 
50.00 
50.00 
49.00 
48.00 
50.00 


Portland,  Ore 

(AU 

prices  per 

ton  of  2,000  lbs.) 

Year 

Size 

Pipe 

Specials 

Year 

Sise 

Pipe      Speciab 

1908 

...    16" 

$42.75 

1913 

24" 

34.00     

1910 

...     4" 

37.00 

•   ••••• 

30" 

34.00       53.00 

...    12" 

37.00 

$60.00 

1914 

6" 

30. 20     

1911 

...    10" 

32.35 

8" 

30.20     

...   20" 

32.35 

48.00 

12" 

30.20     

...    10" 

30.90 

16" 

30.20     

...   20" 

30.50 

24" 

30.20     

1913 

...     6" 

. . . .     8" 

34.25 
34.50 

30" 

30.20     
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PaicBss  0¥  Cast  Iron  Pips  and  Spbcialb 

Lowell,  Mass. 
(1870  to  1002,  2,240  lb.  to  ton;  1904  to  1914,  2,  000  lb.  to  ton) 


Year  Pipe 

1870 $63. 00 

1873 73.00 

1874 42.00 

1876 36.39 

1880 51.00 

1882 45.00 

1881 55.  00 

1889 28.31 

1895 23.86 

1895 19.70 

1897 18.18 

1899 21.75 

1899 23.00 


$0. 04  per  lb. 
$0. 04  per  lb. 
$0.04  per  lb. 

$70  per  ton 
$0. 03  per  lb. 


Year  Pipe 

1902 28.20 

1904 23.20 

1906 29.30 

1906 32.  70 

1909 25.20 

1909 24.20 

1010 22.  30 

1910 22.00 

1912 21.45 

1912 22.34 

1913 23.  23 

1914 22.49 

1914 21.96 


$0. 05  per  lb. 


Included  in  the  abstract  of  Mr.  Hodgman's  paper,  as  published  in  Engineer- 
ing and  Contracting,  Aug.  29,  1917,  is  a  voluminous  table,  giving  prices  on 
various  sizes  of  pipe,  the  respective  tonnage  ordered  and  the  name  of  the 
ccHnpany  supplying  the  pipe,  for  the  years  1868  to  1917  inclusive.  It  is 
necessary  to  opiit  this  table  on  account  of  its  size. 

Prices  of  Waterworks  and  Other  Materials  Month  by  Month. — The  accom- 
panying tables  of  prices  of  various  engineering  materials  given  in  Engineering 
and  Contracting,  Oct.  12,  1921,  were  compiled  in  the  office  of  Dabney  H. 
Maury,  Consulting  Engineer,  Chicago,  Illinois,  for  use  in  connection  with 
appraisals  of  water  works  and  other  properties. 

Table  XXVIII  shows  cast  iron  water  pipe  prices  per  ton  of  2000  lb.  in  4-in., 
6-in.  and  larger  sizes,  as  explained  in  the  note.  The  peak  of  cast  iron  pipe 
prices  was  reached  in  Oct.,  Nov.,  and  Dec.,  1920.  Since  that  time  the  decline 
has  been  rapid,  but  the  price  is  still  far  ^bove  the  prewar  average. 

Ga8  Pipe,  because  of  its  lesser  thickness,  costs  more  per  ton,  the  advance 
over  wat^  pipe  having  ranged  from  $1.00  per  ton  in  1913  to  $4.00  per  ton  in 
1920  and  1921.  On  Sept.  1,  1921.  the  differential  was  $3.00  per  ton  in  all 
markets. 

Table  XXIX  the  price  list  of  wrought  iron  and  steel  pipe  Is  the  standard 
wliicdi  has  been  in  effect  for  many  years,  and  to  which  all  of  the  discounts  of 
Table  XXX  apply. 

Steel  and  wrought  iron  pipe  reached  high  points  in  1917  and  1918,  and  again 
during  the  winter  of  1920-21.  Present  prices  are  nearly  100  per  cent  above 
average  prewar  prices. 

The  pig  lead  maximum  was  reached  in  1917.  There  was  another  high  point 
In  1920.  followed  by  a  rapid  decline  which  has  brought  pig  lead  down  to 
I>rewar  prices. 

The  common  brick  maximum  wss  reached  in  1920.  Common  brick  is  still 
almost  double  its  prewar  price  in  Chicago. 

Starting  with  1903,  cement  decreased  gradually  in  price  to  1911  when,  in 
November,  a  minimum  of  $.70  per  bbl.  was  reached.  Its  trend  since  that 
time  has  been  slowly  but  steadily  upwards  with  a  high  peak  of  $2.37  in  January 
•od  F^ruary  of  this  year,  the  present  price  being  only  $.20  less  than  the  peak. 

Structural  shapes  and  plates  reached  their  peak  during  the  latter  half  of 
1917,  when  plates  were  quoted  at  the  almost  unbelievable  price  of  $.10  at 
warehouse,  Chicago.  Since  that  time  they  have  declined  in  price,  reaching 
a  point  slightly  below  $.03  in  August,  1921 . 

The  range  of  prices  of  reinforcing  bars  has  followed  rather  closely  that  of 
structural  shapes. 
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Tablb  XXVIII. — Prices  per  Short  Ton  of  Cast  Iron  Water  Pipe  at 

Chicaqo,  III. 

(Quotations  are  from  The  Iron  Age).    See  Footnote. 

Year  1904         1905       1906       1907       1908       1909 


Average 

for 

year 


Jan. . 

Feb.. 

Mar. 

April . 

May. 

June. 

July. 

Aug. . 

Sept. 

Oct.. 

Nov. 


\ 


{ 26. 42 
25.46 
24.50 
28.00 
27.50 

'27!  66 

26.00 
25.00 
26.00 
25.00 
24.00 
26.00 
25.00 
24.00 
27.00 
{26.00 
125.00 
26.00 
25.00 

25!  50 
24.50 


25.50 
24.60 


25.  50 
24.50 

25.' 50 
24.50 

27150 
26.50 


Dec 


Year 

Average 

for 

year 


Jan. . 

Feb.. 

Mar. 

April , 

May. 

June. 

July. 


f  27.  50 
26.50 

1910 

f27.92 
26.92 

,  25. 92 
28.50 
27.50 
26.50 
28.50 
27.50 
26.60 
28.50 
27.50 
26.50 
28.50 
27.50 
26.50 
28.60 
27.50 
26.50 
28.50 
27.50 
26.50 
28.00 
27.00 
26.00 


29.25 
25.96 
27.83 
28.60 
27.50 

•  •    •    •    • 

28.50 
27.50 

•  •   •   •   • 

28.60 
27.50 

•  •   •   •   • 

29.00 
28.00 

29!66 
28.00 

29!  66 

28.00 

•  •    •   •    • 

29.00 
28.00 
27.50 
29.00 
28.00 
27.00 
29.50 
28.50 
27.50 
30.00 
29.00 
28.00 
30.00 
29.00 
28.00 
31.00 
30.00 
29.00 


i 


25.75 
24.42 
23.92 
25.00 
24.00 
23.50 
25.00 
24.00 
23.50 
25.50 
24.50 
24.00 
25.50 
24.50 
24.00 
26.50 
24.50 
24.00 
25.50 
24.50 
24.00 
25.50 
24.50 
24.00 


32.46 
31.46 
30.46 
31.00 
30.00 
29.00 
31.00 
30.00 
29.00 
31.00 
30.00 
29.00 
31.00 
30.00 
29.00 
31.00 
30.00 
29.00 
31.00 
30.00 
29.00 
32.50 
31.50 
30.50 
32.50 
31.50 
30.50 
33.00 
32.00 
31.00 
34.00 
33.00 
32.00 
34.00 
33.00 
32.00 
37.50 
36.50 
35.60 


37.75 
36.75 
35.75 
37.50 
36.50 
35.50 
38.50 
37.50 
36.50 
38.50 
37.50 
36.50 
38.50 
37.50 
36.50 
38.50 
37.50 
36.50 
38.50 
37.50 
36.50 
38.50 
37.50 
36.50 
38.50 
37.50 
36.50 
38.00 
37.00 
36.00 
37.00 
36.00 
35.00 
36.00 
35.00 
34.00 
35.00 
34.00 
33.00 


28.08 
27.08 
26.08 
33.00 
32.00 
31.00 
30.00 
29.00 
28.00 
30.00 
29.00 
28.00 
28.00 
27.00 
26.00 
27.00 
26.00 
25.00 
27.00 
26.00 
25.00 
27.00 
26.00 
26.00 
27.00 
26.00 
25.00 
27.00 
26.00 
26.00 
27.00 
26.00 
25.00 
27.00 
26.00 
25.00 
27.00 
26.00 
25.00 


28.13 
26.17 
25.46 
26.50 
24.50 
24.00 
27.00 
25.00 
24.50 
27.00 
25.00 
24.60 
27.00 
25.00 
24.50 
27.00 
25.00 
24.50 
27.00 
25.00 
24.60 
27.50 
26.60 
25.00 


29.00 
27.00 
26.00 
31.00 
29.00 
28.00 
31.00 
29.00 
28.00 
30.00 
28.00 
27.00 
30.60 
28.50 
27.50 
29.50 
27.60 
26.50 
28.60 
26.50 
25.60 
28.60 
26.60 
25.60 


26.21 
24.21 
23.58 
27.00 
26.00 
24.00 
27.00 
26.00 
24.00 
27.00 
25.00 
24.00 
26.00 
24.00 
23.50 
26.00 
24.00 
23.50 
26.00 
24.00 
23.60 
26.00 
24.00 
23.60 


27.79 
26.79 
26.46 
27.00 
26.00 
26.00 
28.00 
27.00 
26.00 
28.00 
27.00 
26.00 
27.50 
26.50 
24.60 
27.50 
26.50 
24.50 
27.50 
26.50 
25.50 
26.50 
27.50 
25.50 
27.50 
26.50 
25.50 
27.50 
26.50 
26.50 
28.50 
27.50 
26.50 
28.50 
27.50 
26.50 
28.50 
27.50 
26.50 


1911   1912   1913   1914   1915 


26.37 
24.37 
23.13 
26.60 
23.50 
23.00 
25.50 
23.50 
23.00 
25.50 
23.50 
23.00 
26.50 
23.50 
23.00 
25.50 
23.60 
23.00 
25.90 
23.60 
23.00 
26.00 
24.00 
23.50 


PRICES  AND  WAGES 


83 


Tablb  XXVIII. — Continued 


Tear 
Aug. 

Sept. 

Oct.. 

Not. 

Dee.. 


Year 

Avorage 

for 

year 

Jan 


Feb. 
Mar. 


April. 
May. 


June. 


July. 
Aoc. 
Sept. 


Oct. 


Not. 
Dee. 


1910 

f28.00 
27.00 
26.00 
27.00 
26.00 
25.00 
27.00 
26.00 
,25.00 
'27.00 
26.00 
25.00 
27.00 
26.00 
25.00 

1916 

[34.23 
31.31. 


1911       1912       1913       19H 


f30 
28 
32 
29 
32 
29 
33 
30 
33 
30 
33 
30 
34 
31 
34 
31 
34 
31 
34 
31 
34 
31 
42 
39 


50 
.50 
.75 
.75 
.75 
.75 
.75 
.75 
.76 
.75 
.75 
.75 
.00 
.00 
.00 
.00 
.00 
.00 
.50 
.50 
.50 
.50 

50 
.50 


25.50 
24.50 
24.00 
26.50 
24.50 
24.00 
26.50 
24.50 
24.00 
26.60 
24.60 
24.00 
26.60 
24.60 
24.00 


27.60 
26.00 
25.00 
30.00 
28.00 
27.00 
30.00 
28.00 
27.00 
30.00 
28.00 
27.00 
31.00 
29.00 
28.00 


28.00 
26.00 
26.00 
28.00 
26.00 
26.00 
28.00 
26.00 
26.00 
28.00 
26.00 
25.00 
27.00 
25.00 
24.00 


26.00 
24.00 
23.60 
26.00 
24.00 
23.60 
26.00 
24.00 
23.60 
26.00 
24.00 
23.60 
26.60 
23.60 
23.00 


1917       1918 

67. 83     62. 86 
64.83     59.86 


1919       1920 

60.90    79.98 
67. 97     76. 48 


44.60 
41.60 
44.60 
41.60 
46.60 
42.60 
63.60 
60.60 
68.60 
66.60 
61.60 
58.60 
68.60 
66.60 
68.60 
66.60 
68.60 
66.60 
68.50 
66.50 
53.60 
60.60 
68.60 
66.50 


67.30 
64.30 
67.30 
64.30 
67.30 
54.30 
67.30 
64.30 
67.30 
64.30 
63.35 
60.35 
66.06 
62.06 
65. 06 
62.06 
64.80 
61.80 
69.80 
66.80 
69.80 
66.80 
69.80 
66.80 


69.80 
66.80 
64.80 
61.80 
64.80 
61.80 
59.80 
66.80 
69.80 
66.80 
64.80 
51.80 
64.80 
51.80 
66.30 
63.30 
68.60 
66.80 
68.80 
56.80 
62.80 
59.80 
66.80 
62.80 


69.80 
66.80 
72.80 
69.80 
76.80 
72.80 
75.80 
72.80 
79.80 
76.80 
79.80 
76.80 
79.80 
76.80 
79.80 
76.80 
82.10 
79.10 
88.10 
83.10 


88. 
83. 
88. 


10 
10 
10 


1916 

26.00 
24.00 
23.60 
26.60 
24.60 

27!  66 
25.00 

•  •  •  •  • 

29.00 
27.00 

•  •  •  •  • 

29.00 
27.00 


1921 


69.10 
64.10 
69.10 
64.10 
69.10 
64.10 
69.10 
64.10 
69.10 
64.10 
57.10 
64.10 
52.10 
49.10 
49.10 
46.10 


83.10 


Foot  Note:    The  prices  giTen  in  the  table  are  arranged  according  to  size  of 
pipe,  the  top  figure  for  each  month  representing  quotations  on  4''  pipe.     The 


represented  by  the  other  figures  are  as  foHowa: 

Middle 
Period  figure 

Jan,.  1902  to  July.   1903 6" 

Aug..  1903 6"  &  larger 

Sept..  1903 6"  A  8" 

OeL,  1903  to  Jan.,  1904 6"  &  larger 

PA..  1904  to  May,  1904 6"  to  12^^ 

June.  1904  to  June  1906 6"  &  larger 

July.  1905  to  Sept.,  1905. 6"  to  10" 

Oct.,  1905  to  Aug.,  1916 6"  to  12" 

Sept..  1915  toScpt.,  1921 6"  A  larger 


Lower 
figure 

8"  &  larger 


10"  &  larger 
larger  than  12" 


12"  &  larger 
16"  larger 
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Tablb  XXIX. — Standard  Prick  Libt  of  Stebl  and  Wrought  Iron  Pipe— 
'  EiTHBR  Black  or  Galvanized 

This  list  was  established  prior  to  1900,  and  has  since  remained  in  general  use 
throughout  the  United  States. 

Standard  pipe  is  furnished  with  threads  and  couplings  and  in  random  lengths 
unless  otherwise  ordered.     Weights  are  in  pounds. 


Standa 

rd  steam,  gas  and  water  pipe 

tt  eignv 

inn   iuui>     ■ 

Threads  and 

ice,  in. 

Price  per  foot 

Plain  ends 

couplings 

H 

$0.05H 

.244 

.245 

H 

.06 

.424 

.425 

.06 

.567 

.568 

kZ 

■  08H 

.850 

.852 

H 

.11>S 

1.130 

1.134 

1 

.17 

1.678 

1.684 

m 

.23 

2.272 

2.281 

.27H 

2.717 

2.731 

2 

.37 

3.652 

3.678 

2H 

.76>| 

5.793 

5.819 

3 

7. 576 

7.616 

3H 

.92 

9.109 

9.202 

4 

1.09 

10.790 

10.  889 

4H 

1.27 

12.538 

12.642 

5 

1.48 

14.  617 

14. 810 

6 

1.92 

18. 974 

19. 185 

7 

2.38 

23.544 

23. 769 

8 

2.50 

24.696 

25.000 

8 

2.88 

28.554 

28.809 

9 

3.45 

33.907 

34.188 

10 

3.20 

31.201 

32.000 

10 

3.50 

34.240 

35.000 

10 

4.12 

40.483 

41.132 
46.247 

11 

4.63 

45. 557 

12 

4.50 

43. 773 

45.000 

12 

5.07 

49. 562 

60.706 

Extra  strong  pipe  for  high  pressure  hydraulic  installations,  etc.,  takes  a  higher 
price. 


Table  XXX. — Discounts  on  Wrouqht  Iron  and  Steel  Pipe  in  Carload 

Lots  at  PrrrsBUROH,  Pa. 


Sise — ^inches H 

1910— 

Jan 74 

Feb.-May 74 

June-Sept 74 

Size — ^inches H 

1910— 

Oct 75 

Nov.-Dec 75 

1911— 

Jan.-Sept 76 

Oet 77 

Nov 78 

Dec 78 

1912— 

Jan.-Feb 78 

Mar  .-May 78 

June-July 77 

Aug 76 

Sept 76 

Oct 76 

Nov 76 

Dec 76 


Black- 

^-6     7-12 

78  72 
78  72 
78         72 

H-iH  ^-3 

79 
79 

79 
80 
80 
81 

81 
81 
80 
79 
79 

•   •   •   •  /«f 

....  79 
....       # w 


-Steel  pipe 


-^alvanised- 


80 
81 
81 
82 

82 
82 
81 
80 
80 


H     H-^    7-12 


...  62 

...  62 

...  62 

2-3  H 


66 
67 
67 
68 

68 
68 
67 
66 
66 
66 
66 
66 


68  57 
68  67 
68         57 

H-iH  ^-3 


80       63         69 
80       63         69 


69 
72 
72 
73 

73 

•72 
72 
71 
71 


71 
71 
71 


2-3 

70 
70 

70 
74 
74 
76 

76 
76 
74 
73 
73 
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Table  XXX. — Contintied 


.      1911— 
Jan.— Sept. . . 

Oct 

Nov 

1912— 
Jan.— Feb . , . . 
Mar- May. . 
June-July . . . 

Aug 

Sept 

Oct 

Nov * 

Dec 

1913— 
Jan.- April . . . 

May 

June- Aug.  . . 
Sept.-Dec . . . 

1914— 

Jan 

Feb.- April. . . 

May-Oct 

Nov.-Dec. . . 

191&— 
Jan.-Feb. . . . 

Mar 

April 

May 

June 

July- Aug  — 
Sept.-Oct. . . , 
Nov.-Dec. . . 

1916— 

Jan 

Feb 

Mar 

April 

May- July . . . 
Aug.-Sept . , . 

Oct.-Nov 

Dec 

1917— 

Jan.-Feb 

Mar 

April 

May- June . . 
July-Nov. . . . 
Dec 

1918— 
Jan.-Dec . . . . 

1919— 
Jan.-Mar. , . . 
Apr  .-Aug — 
Sept.-Dec . . . 

1920— 

Jan 

Feb 

Mar.-July . . 
Aug.-Dec  . . . 

1921— 

Jan.-Feb 

Mar  .-Apr .  . . 

Siae — inches. 

1921— 
May-July . . . 
Aug 


TTrt 

■ni__i. 

»UKU 

%,  truu  p 

(ipe ; 

71 

75 

76 

59 

65 

■  •••     «••• 

66 

75 

75 

■  •••       •••• 

76 

65 

67 

•  •••     •••• 

69 

72 

75 

■  •••      •••• 

76 

62 

67 

•  ••■     ••*« 

69 

72  . 

75 

■  •••       ••■« 

76 

62 

67 

•  ••«     •••• 

69 

72 

75 

•  ••■       ••'•• 

76 

62 

67 

•  ■■•     •••• 

69 

72 

75 

76 

59 

•  •  ■  • 

65 

72 

75 

•  •••      ■••• 

76 

59 

64 

•  •••     •••• 

65 

71 

74 

•  •••      •«•• 

75 

58 

63 

•  ••«     •••• 

64 

69 

72 

•  •■•       ••«• 

73 

56 

61 

•  •••     •••• 

62 

70 

73 

....  74 

57 

62 

....   63 

70 

73 

....  73 

57 

62 

....   62 

70 

73 

•  •••     •••« 

57 

62 

•  ■■•     •••• 

70 

73    

57 

62 

70 

73 

57 

62 

69 

72 

.  56 

61 

69 

72 

56 

61 

69 

72 

56 

61 

69 

72 

56 

61 

69 

72 

56 

61 

69 

72 

56 

61 

69 

72    

.  56 

61 

69 

72 

.  54 

59 

69 

72 

54 

59 

68 

71 

.  52 

57    .  .>  . 

68 

71 

.  47 

52 

68 

71 

41 

46 

68 

71 

47 

52    

67 

70 

47 

52 

67 

•  •  •  • 

70 

47 

•  ■  •  • 

52   

63 

66 

•  •••     •••• 

43 

48 

•  «••     •••• 

61 

64 



.  40 

45 

•  •••     •••• 

59 

62 

•  •■•     •••• 

36 

41 

«••■     ■••• 

57 

60 

•  •«•     «••• 

33 

38 

•  •••     ■•«■ 

67 

60 

•  •••     •«•• 

38 

43 

•  ••■     •••• 

56 

59 

•  •••     ■••• 

38 

43 

•  •••     •■•• 

53 

56 



35 

40 

•  ••«     •••« 

•  •  •  • 

51 

54 

■  ••■     •■*• 

33 

40 

•  •••     •••• 

49 

52 

•  •■•     •••• 

31 

38 

•  •••     ••«• 

41 

44 

•  •••     •••• 

.  23 

28 

•  •••     •••• 

35 

38 

•  •••     •••• 

.  17 

22 

•  •••     •••• 

28 

33 

•  •••     «••■ 

10 

17 

•  •••     •••• 

28 

33 

#•>•     ••*• 

10 

17 

•  •••     •••• 

28 

33 

•  •••     •••• 

10 

17 

•  •••     •••• 

31 

36 

•  •••     •••• 

.  13 

20 

•  •••     •••• 

34M 
34H 

39 
30 

•  •••     •••• 

16H 
.  16>| 

23H 
23H 

•  •••     ■••• 

•  •••     •••• 

34M 

30 

•  ■•■     •••■ 

16H 

23H 

34  H 

30 

•  •••     •••• 

.  16H 

23H 

•  •••     ••■• 

29K 

34  H 

....   33H 

.  IIH 

18H 

....   17>^ 

24K 

29H 

•  •••     •«•• 

.  6H 

isy4. 

•  ••»     •■•• 

20 

25 

■  •••     •••• 

.  2 

9 

24H 

29H 

•  ••«     ■••• 

.  6H 

13H 

-  •  • 

H 

H~ 

1-lH  .... 

.  H 

K 

1-lH  .... 

27H 
31H 

33H 
37H 

35H  .... 
39>|  .... 

.  9H 
.  13H 

22H 

20H  

24H  .... 
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Table  XXXII. — Pricbs  of  Rxinfobcxno  Babs  fbom  Mill — PrrrsBUBaH,  Pa. 

Prices  are  in  cents  per  pound  in  carload  lots,  and  are  taken  from  Engineering 
News  and  Engineering  News-Record. 

Note. — Prices  of  bars  from  Chicago  warehouse,  1910  to  1916  inclusive,  are 
from  .45o  to  .70o  higher  than  Pittsburgh  mill  prices.  Prices  of  bars  from  Chicago 
warehouse,  1917  to  1920  inclusive,  are  from  .70c  to  1.27c  higher  than  Pittsburgh 
mill  prices. 

1910 1911 1912 1913 

H"&  H"&  M"A  H"A 

W    ^"  larger  H"    H"  larger  H"    ^"  fai-ger  W    H"  firger 

Jan 1.65  1.60  1  55  1.55  1.50  1.45  1.30  1.25  1.25  1.60  1.55  1.50 

Feb 1.65  1.60  1  55  1.55  1.50  1.45  1.30  1.25  1.25  1.60  1.55  1.50 

Mar 1.65  1.60  1.55  1.55  1.50  1.45  1.30  1.25  1.20  1.60  1.55  1.50 

Apr 1.65  1.60  1.55  1.55  1.50  1.45  1.35  1.30  1.25  1.60  1.55  1.50 

May 1.65  1.60  1.55  1.55  1.50  1.45  1.35  1.30  1.25  1.60  1.55  1.50 

June 1.65  1.60  1.55  1.40  1.35  1.30  1.40  1.35  1.30  1.60  1.5$  1.50 

July 1.60  1.55  1.50  1.40  1.35  1.30  1.45  1.40  1.35  1.60  1.55  1.50 

Aug 1.60  1.55  1.50  1.40  1.35  1.30  1.50  1.45  1.40  1.60  1.55  1.50 

Sept 1.60  1.55  1.50  1.40  1.35  1.30  1.55  1.50  1.45  1.60  1.55  1.50 

Oct 1.60  1.55  1.50  1.35  1.30  1.25  1.55  1.50  1.45  1.55  1.50  1.45 

Nov 1.60  1.55  1.50  1.35  1.30  1.25  1.60  1.55  1.50  1.60  1.45  1.40 

Dec 1.60  1.55  1.50  1.25  1.20  1.20 1.56  1.40  1.35 

Average...  1.62  1.58  1.52  1.44  1.39  1.35 1.59  1.52  1.48 


■1914 — — 1915 1916 = 1917- 


Ji"&  Ji"A  M"A  5i"A 

M"    ^"  larger  H"    fi"  larger  H"    H"  larger  H"    H*'  larger 

Jan 1.55  1.40  1.35  1.30  1.15  1.10 3.10  3.05  3.00 

Feb 1.55  1.40  1.35  1.30  1.15  1.10  2.05  1.90  1.80  3.10  3.05  3.00 

Mar 1.45  1.30  1.25  1.35  1.20  1.15  2.50  2.35  2.25  3.10  3.05  3.00 

Apr 1.40  1.25  1.20  1.35  1.20  1.15  2.70  2.55  2.45  3.45  3.40  3.36 

May 1.35  1.20  1.15  1.40  1.25  1.20  2.75  2.60  2.50  3.60  3.65  3.50 

June 1.35  1.20  1.15  1.40  1.25  1.20  2.75  2.60  2.50 

July 1.35  1.20  1.15  1.45  1.30  1.25  2.  75  2.60  2.50 

Aug 1.45  1.30  1.25  2.60  2.55  2.50 

Sept 1.40  1.25  1.20  1.40  1.35  1.30  2.70  2.65  2.60 

Oct 1.40  1.25  1.20  1.50  1.45  1.40  2.70  2.65  2.60 

Nov 1.40  1.25  1.20 2.70  2.65  2.60 

Dec 1.35  1.20  1.15 3.00  2.95  2.90  3.00  2.95  2.90 

Average 


1918 1919 =-  1920 1921- 


^"A  }i"&  K"A  K"& 

H"    W  larger  W    %"  larger  W    H"  larger  M"    H"  larger 

Jan 3.00  2.95  2.90  3.00  2.95  2.90  2.45  2.40  2.35  2.45  2.40  2.35 

Feb 3.00  2.95  2.90  3.00  2.95  2.90  2.45  2.40  2.35  2.45  2.40  2.35 

Mar 3. 00  2. 95  2. 90  3. 00  2. 95  2. 90  2. 45  2. 40  2. 35  2. 40  2. 35  2.  30 

Apr 3.00  2.95  2.90  2.45  2.40  2.35  3.22  3.20  3.17  2.28  2.22  2.18 

May 3.00  2.95  2.90  2.45  2.40  2.35  3.22  3.20  3.18  2.20  2.15  2.10 

June 3.00  2.95  2.90  2.45  2.40  2.35  3.10  3.08  3.05  2.20  2.15  2.10 

July 3.00  2.95  2.90  2.45  2.40  2.35  3.10  3.08  3.05  2.20  2.15  2.10 

Aug 3.00  2.95  2.90  2.45  2.40  2.35  3.10  3.08  3.05  2.20  2.15  2.10 

Sept 3.00  2.95  2.90  2.45  2.40  2.35  3.10  3.08  3.05 

Oct 3.00  2.95  2.90  2.45  2.40  2.35  3.10  3.08  3.05 

Nov 3.00  2.95  2.90  2.45  2.40  2.35  2.98  2.95  2.92 

Dec 3.00  2.95  2.90  2.45  2.40  2.35  2.98  2.95  2.92 

Average...  3.00  2.95  2.96  2.59  2.54  2.49  2.94  2.91  2.87 


PRICES  AND  WAGES 
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Tablx    XXXIII. — ^Priceb 


OP     Structubal 
Chicago,  III. 


Shapes,    fbom    Warehouse 


Prices  are  in  cents  per  pound  in  carload  lots  and  are  taken  from  Engineering 
News,  Iron  Age  and  Engineering  News  Record. 

1910 1911 1912 1913 


CO 


CO 


M  > 


CO 


15 


;5*S    w^     CO       ;5*®    w^     co       ;5*S 
•§2   |l.    JS    §55   M>    1^    |i2   fo    j|    |S   |b    ^^ 

Is   52  -a^  $s  ?s  -a^  Is  fs  i?^  Is  fs  is^ 
m^  <^  pu^  ffl*^  <j*^  Pk^  ffl^  ••ij^  pu^  ffl^  <^  (u^ 

Jan ^.00  2.06  2.00  1.85  1.85  1.88  1.60  1.60  1.60  2.05  2.05  2.10 

Feb 2.00  2.05  2.00  1.85  1.85  1.88  1.60  1.60  1.60  2.05  2.05  2.05 

Mar 2.00  2.05  2.00  1.85  1.85  1.88  1.  60  1.60  1.60  2.05  2.05  2.05 

Apr 2.00  2.05  2.00  1.85  1.85  1.88  1.60  1.60  1.60  2.05  2.05  2.05 

May 2.00  2.05  2.00  1.85  1.85  1.88  1.70  1.70  1.70  2.05  2.05  2.05 

Jane 2.00  2.05  1.98  1.78  1.83  1.83  1.75  1.75  1.75  2.05  2.05  2.05 

July 1.90  1.95  1.95  1.83  1.83  1.83  1.75  1.75  1.75  2.05  2.05  2.05 

Aug 1.85  1.85  1.88  1.83  1.83  1.83  1.90  1.90  1.90  2.05  2.05  2.05 

Sept 1.85  1.85  1.88  1.83  1.83  1.83  1.91  1.91  2.00  1.95  1.95  2.05 

Oct 1.85  1.85  1.88  1.75  1.75  1.83  2.08  2.08  2.05  1.95  1.95  2.05 

Nov 1.85  1.85  1.88  1.65  1.65  1.63  2.05  2.05  2.05  1.95  1.95  1.95 

Dec 1.85  1.85  1.88  1.60  1.60  1.60  2.05  2.05  2.05  1.51  1.51  1.85 

Ayg 1.93  1.96  1.94  1.79  1.80  1.81  1.80  1.80  1.80  1.98  1.98  2.03 


■1914- 


-1915- 


-191^ 


-W17- 


co. 


Ss 

Jan 1.75 

Feb 1.75 

Mar 1.75 

Apr 1.75 

B<Uy 1.75 

June 1.75 

July 1.75 

Aug 1.75 

Sept 1.75 

Oct 1.75 

Nov 1.75 

Dec 1.75 

AvB 1.75 


CO 

Si 

l5 

1.75 
1.75 
1.76 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 


N*»     eo^      CO         N*»     co^      CO        NfS     «,      «        NfS 

i^   |5   |S   iM   is   |5   ^M   is   ^S   ^^ 


1.75 
1.75 
1.75 
1.65 
1.65 
1.70 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.73 


1.80 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.85 
1.90 
2.00 
1.99 
1.82 


1.80 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.85 
1.90 
2.00 
1.99 
1.82 


1.78 
1.75 
1.75 
1.75 
1.76 
1.75 
1.75 
1.75 
1.85 
2.00 
2.20 
2.80 
1.86 


2.40 
2.50 
2.90 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.25 
3.25 
3.70 
3.05 


2.40 
2.50 
2.90 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.25 
3.25 
3.70 
3.05 


2.40 
2.70 
3.15 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.75 
3.76 
4.35 
3.42 


3.70 
3.85 
4.00 
4.50 
4.75 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
4.20 
4.58 


3.70 
3.85 
4.00 
4.50 
4.75 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
4.20 
4.58 


4.35 
4.50 
4.75 
5.60 
6.00 
7.00 
7.00 
8.00 
10.00 
10.00 
7.00 
4.45 
6.54 


■1918- 


-1919- 


■1920- 


■1921- 


SJ  P  f-  SM 

jSi^j   JS    ES   -^^ 


isa 4.20  4.20 

Feb 4.20  4.20 

Mar 4.20  4.20 

Apr 4.20  4.20 

ICay       ...  4.20  4.20 

June       ...  4.20  4.20 

July 4.27  4.27 

Aug         .    .  4.27  4.27 

8ept 4.27  4.27 

Oct 4.27  4.27 

Nov 4.27  4.27 

Dec 4.27  4.27 

ATI  4.24  4.24 


4.45 
4.45 
4.45 
4.45 
4.45 
4.45 
4.52 
4.52 
4.52 
4.52 
4.52 
4.52 
4.48 


0 

4.27 
4.07 
4.07 
3.47 
3.47 
3.47 
3.47 
3.47 
3.47 
3.47 
3.47 
3.47 
3.64 


Is  1 


4.27 
4.07 
4.07 
3.47 
3.47 
3.47 
3.47 
8.47 
3.47 
3.47 
3.47 
3.47 
3.64 


4.5^ 
4.27 
4.27 
3.67 
3.67 
3.67 
3.67 
3.67 
3.67 
3.67 
3.67 
3.67 
3.84 


0 

3.47 
3.47 
3.97 
3.97 
3.97 
3.97 
3.97 
3.97 
3.97 
3.97 
3.97 
3.58 
3.85 


00^       CO        Nf»     co^       CO        NfS 

.-  ^«   5«    SrH  .|®   |a 

i'^    1-2    JS    !•« 
•^      fi^      n      <      Pn 

3.47  3.67  3.58  3.58  3.78 
3. 47  3.  67  3.  58  3. 68  3. 78 
3.97  4.17  3.58  3.58  3.78 
3.97  4.17  3.13  3.13  3.13 
3.97  4.17  3.23  3.23  3.23 
3.97  4.17  3.23  3.23  3.23 
3.97  4.17  3.13  3.13  3.13 
3.97  4.17  2.88  2.88  2.88 

3.97  4. 17 

3.97  4.17  

3.97  4.17  

3.58  3.78 

3.85  4.05  
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Tablb  XXXIV. — Ck>MMON  Brick  Pricbb  at  Chicago,  Iix. 
Prices  are  in  dollars  per  1,000  in  car  load  lots 

Month 

Jan S6.00 

Feb 

Mar 

Apr 

May 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 


1916 

1917 

1918 

1919 

1920 

1921 

$6.00 

<6.00 

S  8.00 

$11.00 

$12.00 

$15.00 

6.25 

6.00 

8.00 

12.00 

14.00 

15.00 

6.25 

6.00 

8.00 

12.00 

14.00 

15.00 

6.00 

6.00 

8.00 

12.00 

14.00 

15.00 

6.25 

6.00 

8.00 

12.00 

14.00 

12.00 

6.00 

8.00 

8.00 

12.00 

14.00 

12.00 

6.25 

8.00 

11.00 

12.00 

15.00 

12.00 

6.00 

8.00 

11.00 

12.00 

16.00 

12.00 

7.00 

8.00 

11.00 

12.00 

16.00 

6.00 

8.00 

11.00 

12.00 

15.00 

6.00 

8.00 

11.00 

12.00 

15.00 

6.00 

8.00 

11.00 

12.00 

15.00 

Avg $6.17 


$7.17 


$9.50       $11.92       $14.50 


Tablb  XXXV. — Portland  Cbment  Prices  at  Chicago,  III. 

Prices  to  and  including  December,  1913,  from  Universal  Portland  Cement  Co.; 
prices  January,  1914,  to  and  including  March,  1917,  from  Engineering  News; 
prices  April,  1917,  to  date  from  Engineering  News  Record.  Prices  are,  in 
dollars  per  barrel,  for  carload  lots,  f .  o.  b.  Chicago,  and  do  not  include  price  of 
bags. 

Average  yearly  price  (1903  to  1909,  inclusive): 


1903 $1.65 

1904 1.35 

1905 1.30 

1909 


1906 $1.55 

1907 1.65 

1908 1.15 

$1.00 


Month      1910  1911  1912  1913  1914  1915  1916  1917  1918  1919  1920  1921 

Jan 90  1.05     .75  1.05  1.30  1.02  1.311.56  1.812.05  2.00  2.37 

Feb 92  1.05     .77  1.12  1.05  1.02  1.31  1.66  1.81  2.05  2.00  2.37 

Mar 1.00  1.10     .78  1.22  1.05  1.111.36  1.66  1.812.05  2.00  2.17 

Apr 1.08  1.12     .85  1.25  1.15  1.111.411.76  1.96  2.05  2.00  2.17 

May 1.18^.05     .88  1.25  1.15  1.111.46  1.76  1.96  2.00  2.00  2.17 

June 1.28  .95     .88  1.25  1.15  1.111.411.911.96  2.00  2.15  2.17 

July 1.30  .85     .96  1.25  1.15  1.111.411.912.05  2.00  2.15  2.17 

Aug 1.28  .85  1.05  1.25  1.17  1.11  1.41  1.91  2.05  2.00  2.15  2.17 

Sept 1.18     .83  1.20  1.22  1.17  1.16  1.46  1.81  2.05  2.00  2. 15 

Oct 1.15     .74  1.25  1.20  1.15  1.01  1.46  1.81  2.05  2.00  2.35 

Nov 1.07     .70  1.18  1.12  1.10  1.26  1.46  1.812.05  2.00  2.35 

Dec 1.05     .72  1.09  1.07  1.10  1.31  1.56  1.81  2.05  2.00  2. 35 

Avg 1.11     .91     .97  1.19  1.14  1.12  1.42  1.77  1.97  2.02  2.14 
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Tablb  XXXVl.—Contimued 
1918 


Sise  Jan.   Feb.   Mar.  Apr.  May  June  July  Aus.  Sept.  Oct.    Nor.  Dee.    1918 

3"  .09     .09     .09     .09     .09     .10     .10     .125.125.125.125.125.106 

4"  .10     .10     .10     .10     .10     .10     .10     .125.125.125.125.125.11 

5"  . 135  . 135  . 135  . 135  . 135  .  15     .16     . 175  .  175  .  175  . 175  .  175  .  154 

6"  .15     .15     .15     .15     .15     .15     .15     .  175  .  175  .  175  .  175  .  175  .  160 

ST'  .21     .21     .21     .21     .21     .21     .21     .25     .25     .25     .25     .25     .23 

lO''  .315  .315  .315  .315  .315  .315  .315  .375  .375  .375  .375  .375  .34 

12"  .405  .405  .405  .405  .405  .405  .405  .475  .475  .475  .475  .475  .43 

15"  .54     .54     .54     .54     .54     .54     .54     .63     .63     .63     .63     .63     .57 

18"  .75     .75     .75     .75     .75     .87a  .875  1.00  1.00  1.00  1.00  1.00  .875 

20"  .90     .90     .90     .90     .90     1.05  1.05  1.20  1.20  1.20  1.20  1.20  .105 

22"  1.20  1.20  1.20  1.20  1.20  1.40  1.40  1.60  1.60  1.60  1.60  1.60  1.40 

24"  1.35  1.35  1.35  1.35  1.35  1.58  1.58  1.80  1.80  1.80  1.80  1.80  1.58 

27"  2.25  2.25  2.75  2.75  2.75  2.75  2.75  2.60 

30"  2.75  2.75  3.45  3.45  3.45  3.45  3.45  3.25 

33"  V 3.25  3.25  4.00  4.00  4.00  4.00  4.00  3.78 

36"  3.75  3.75  4.35  4.35  4.35  4.35  4.35  4.18 


Avfe, 
1919 pnoe 

Siae  Jan.   Feb.   Mar.  Apr.  May  June  July   Aug.  Sept.  Oct.   Nov.  Dec.    1919 

3"  .12o  .125  .125  .125  .125  .09     .09     .09     .09     .  105  .  12     .12     .111 

4"  .125.125.125.125.125.09     .09     .09     .09     .105.12     .12     .111 

5"  . 175  .  175  .  175  .  175  .  175  .  135  .  135  .  135  .  135  . 158  . 18  .18  . 161 

6"  .  175  .  175  .  175  .  175  .  175  .  135  .  135  . 135  . 135  . 158  .  18  .18  . 161 

8"  .25  .25  .25  .25  .25  .21   .21  .21  .21  .245  .28  .28  .241 

10"  .375  .375  .375  .375  .375  .315  .315  .315  .315  .368  .42  .42  .362 

12"  .475  .475  .475  .475  .475  .405  .405  .405  .405  .472  .54  .54  .462 

15"  .63  .63  .63  .63  .63  .54  .54  .54  .54  .63  .72  .72  .615 

18"  1.00  1.00  1.00  1.00  1.00  .875  .875  .875  .875  1.00  .875  .875  .938 

20"  1.20  1.20  1.20  1.20  1.20  1.05  1.05  1.05  1.05  1.20  1.05  1.05  1.12 

22"  1.60  1.60  1.60  1.60  1.60  1.40  1.40  1.40  1.40  1.60  1.40  1.40  1.50 

24"  1.80  1.80  1.80  1.80  1.80  1.80  1.80  1.80  1.80  1.80  1.80  1.80  1.80 

27"  2. 75  2. 75  2. 75  2. 75  2. 75  2. 75  2. 75  2. 75  2. 75  2. 75  2. 75  2. 75  2, 75 

30"  3.45  3.45  3.45  3.45  3.45  3.45  3.45  3.45  3.45  3.45  3.45  3.45  3.45 

33"  4.00  4.00  4.00  4.00  4.00  4.00  4.00  4.00  4.00  4.00  4.00  4.00  4.00 

36"  4.35  4.35  4.35  4.35  4.35  4.35  4.35  4.35  4.35  4.35  4.35  4.35  4.35 


Avae. 
1920 pnee 

Siae  Jan.   Feb.   Mar.  Apr.  May  June  July  Aug.  Sept.  Oct.   Nov.  Dec    1920 

3"  .12     .135  .15     .15     .15     .15     .15     .15     .15     .15     .15     .15     .146 

4"  .12     .135  .15     .15     .15     .15     .15     .15     .15     ,15     .15     .15     ,146 

5"  .18  .  202  .  225  .  225  .  225  . 225  .  225  .  225  . 225  . 225  . 225  . 225  . 219 

6"  .18  .202  .225  .225  .225  .225  .225  .225  .225  .225  .225  .225  .219 

8"  .28  .315  .35  .35  .35  .35  .35  .35  .35  .35  ,35  .35  .341 

10"  .42  .472  .525  .525  .525  .525  .525  .525  .525  .525  .525  .525  .512 

12"  .54  .608  .625  .625  .625  .625  .625  .625  .625  .625  .625  .625  .617 

15"  .72  .81  .90  .90  .90  .90  .90  .90  .90  .90  .90  .90  .89 

18"  .875  1.22  1.25  1.25  1.25  1.25  1.25  1.25  1.25  1.25  1.25  1.25  1.21 

20"  1.05  1.35  1.50  1.50  1.50  1.50  1.50  1.50  1.50  1.50  1.50  1.50  1.45 

22"  1.40  1.80  2.00  2.00  2.00  2.00  2.00  2.00  2.00  2.00  2.00  2.00  2.27 

24"  1.80  1.92  2.25  2.25  2.25  2.25  2.25  2.25  2.25  2.25  2.25  2.25  2.18 

27"  2.75  3.25  3. 50  3. 50  3. 50  3. 50  3. 50  3. 50  3.  50  3. 50  3. 50  3. 50  3.42 

30"  3.45  3.75  4.00  4.00  4.00  4.00  4.00  4.00  4.00  4.00  4.00  4.00  3.39 

33"  4.00  4.50  4.75  4.75  4.75  4.75  4.75  4.75  4.75  4.75  4.75  4.75  4.67 

36"  4.35  5.10  5.50  5.50  5.50  5.50  5.50  5.50  5.50  5.50  5.50  5.50  5.37 
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Tabls  XXXVIL— Lakb  Copper. 

1900  1901  1902  1903  1904  1905  1906  1907  1908  1909 

Jan 16.21  16.90  11.45  12.13  12.62  15.18  18.78  24.41   13.90  14.56 

Feb 16.25  16.97  12.47  12.80  12.34  15.25  17.94  25.10  13.13  13.37 

March...      16.41  17.00  12.12  14.31  12.60  15.25  18.50  23.38  12.85  12.90 

April 17.00  17.00  11.97  14.85  13.19  15.18  18.62  24.62  13  09  12.94 

May 16.80  17.00  12.10  14.75  13.28  15.00  18.70  24.10  12.88  13.21 

June 16.31  17.00  12.23  14.56  12.74  15.00  18.69  23.94  13.00  13.50 

July 16.31  16.97  11.94  13.73  12.62  15.03  18.47  21.95  13.00  13.34 

Aug 16.55  16.50  11.59  13.35  12.50  16.07  18.65  18.94  13.71  13.56 

Sept 16.75  16.50  11.60  13.58  12.67  16.12  19.31  16.41  13.80  13.60 

Oct 16.73  16.71  11.71  13.42  13.09  16.62  21.81  13.80  13.81  13.19 

Nov 16.75  16.82  11.44  13.25  14.22  16.90  22  50  13.94  14  44  13.44 

Dec 16.87  14.71  11.61  12.30  14.87  18.75  23.06  13.48  14.53  13.80 


Tablk  XXXVIII  — Spelter,  at 

1900  1901  1902  1903  1904  1905  1906  1907  1908  1909 

Jan 4.55  4.08  4.28  4.82/  495  6.17  6.48  6.90  4.54  5.15 

Feb 4.69  3.94  4.18  5.00  4.95  6.12  6.09  7. 00  4.78  4  99 

March 4.60  3.89  4.29  5.36  5.05  6.06  5.96  6.92  4.76  4.81 

April 4.71  3.94  4.41  5.65  5.22  5.97  6.05  6.81  4.68  4  94 

May 4.62  3.97  4.50  5.75  5.14  5.66  5.95  6.61  4.60  5.12 

June 4.27  3.95  4.88  6.00  4.79  5.32  6.14  6*45  4.56  5  39 

July 4.24  3.90  5.23  5.95  4.85  5.38  5.98  6.15  4.46  5.35 

Aug 4.17  3.92  5.46  5.94  4.85  5.66  6.06  6.71  4.71  5.74 

Sept 4.10  4.02  5.45  6.00  5.06  5.83  6.19  6.28  4.76  5  85 

Oct .   4.10  4.20  5.48  6.05  5.17  6.06  6.18  5.45  4.81  6.09 

Nov 4.20  4.32  5.29  5.68  5.49  6.17  6.36  6.10  5.03  6.32 

Dec 4.19  4.35  4.91  5.15  5.80  6  50  6  62  4  39  5.17  6  36 


Table  XXXIX. — Lead,  at 


1900 

1901 

1902 

1903 

1904 

1906 

1906 

1907 

1808 

1909 

Jan 

. .   4.70 

4.37 

4.02 

4.10 

4.39 

4.66 

5.86 

6.30 

3  73 

4.19 

Feb 

. .  4.70 

4.37 

4.10 

4.10 

4.40 

4.60 

5.56 

6.31 

3.75 

4.07 

March.  . 

. .   4.70 

4.37 

4.10 

4.44 

4.50 

4.45 

5.35 

6.31 

3.88 

4.02 

April 

May. ... 

..  4.70 

4.37 

4.10 

4.59 

4.60 

4  50 

5.39 

6.16 

4.02 

4.19 

..   4.22 

4.37 

4.10 

4.37 

4.48 

4.50 

5.90 

6.02 

4.26 

4.32 

June .... 

..    3.90 

4.37 

4.10 

4.25 

4.22 

4.51 

5.94 

6  75 

4.45 

4.36 

July.... 

.  .   4.03 

4.37 

4.10 

4.12 

4.17 

4.56 

5  80 

5.24 

4  60 

4.36 

Aug 

..  4.26 

4.37 

4.10 

4.12 

4.15 

4.64 

5.78 

6.12 

4.59 

4.36 

Sept 

..    4.36 

4.37 

4.10 

4.26 

4.20 

4.85 

5.92 

4.84 

4.54 

4.39 

Oct 

.  .   4.37 

4.37 

4.10 

4.40 

4.20 

5.07 

5.94 

4.64 

4.34 

4.39 

Nov. . . . 

.  .   4.37 

4.37 

4.10 

4.25 

4.51 

5.48 

5.97 

4.46 

4.39 

4.40 

Dec 

..    4.37 

4.19 

4.10 

4.19 

4.60 

5  96 

6.19 

3.76 

4.24 

4.66 

Table  XL.— Tin.  at  New 

1900     1901     1902     1903     1904     1905     1906     1907     1908     1909 

Jan 26.00  26.60  23.38  27.76  28.75  29.18  36.36  42.14  27.43  28.19 

Feb 29.71  26.55  24.73  29.14  27.98  29.49  36.48  42.16  28.74  28.44 

March 32.42  25.95  26.16  30.06  26.19  29.21  36.62  41.29  30.46  28.75 

April 30.85  25.94  27.29  29.69  27.99  30.43  38.86  40.84  31.79  29.36 

May 29.25  26.82  29.26  39.26  27.76  30.04  43.08  43.01  29.84  29.07 

June 30.00  28.22  29.29  28.30  26.14  30.36  38.97  42.65  28.18  29.26 

July 32.76  27.41  28.28  27.60  26.28  31.71  37.18  41.15  28.92  29.06 

Aug 31.13  26.90  28.14  28.00  26.74  32.85  39.90  37.35  29.99  29.96 

Sept 29.63  25.04  26.55  27.06  27.27  32.21  40.32  37.22  28.91  30.00 

Oct 28.  46  24.  62  25.  76  25.  83  28.  53  32.  47  42.  90  32.  33  29. 44  30. 41 

Nov 28.  10  27. 47  25. 43  26.  35  29. 00  33.  46  42.  70  30.  81  30. 43  30.  74 

Dec 26.84  24.39  26.33  27.53  29.27  35.84  42.62  27.92  29.13  32.91 


PRICES  AND  WAGES 


95 


AT  Nbw  Tobk,  Cbntb  pbr  Pound 
1910     1911  1912     1913     1914     1915     1916     1917     1918       1919 


14.00 
13.78 
13.75  12. 
13.31  12. 
13.06 
12.88 
12.66  12 
12.93  12 
12.81 
12.84 
12.98  12. 
13.00  13. 


12. 
12. 


12. 
12. 


12. 
12. 


81  14.50 
7-5  14.41 
58  14.88 
41  16.00 
33  16.30 
71  17.53 
78  17.54 
75  17.73 
65  17.77 
53  17.80 
80  17.70 
84  17.69 


16.98 
15.55 
15.05 
15.67 
15.91 
15.42 
14.78 
15.86 
16.77 
16.85 
16.16 
14.88 


14.85  14. 
15.00  15. 
14.79  15. 
14.75  18. 
14.40  21. 
14. 1?  23. 
13.70  21. 
12.85  19. 
12.66  17. 
11.73  17. 
12.00  18. 
13.35  20. 


02  24.39 
21  26.85 
75  27.  10 
90  28.27 
00  28.88 
38  27.82 
98  25.84 
33  26.95 
97  28.03 
89  28.48 
92  32.32 
24  33.38 


29.73 
34.90 
35.85 
31.67 
31.42 
32.46 
28.78 
27.24 
24.90 
23.50 
23.50 
23.50 


23.50 
23.50 
23.50 
23.50 
23.50 
23.50 
25.80 
26.00 
26.00 
26.00 
26.00 
25.40 


20.48 

17.86 

15.  46H 

15.55 

16.18 

17.96 

22.07 

23.16 

22.68 

22.13 

20.60 

18.90 


1920 
19.52 
19.  25H 
18.67 
19.36 
19.05 
19.00 
19.00 
19.00 
18.70 
16.56 
14.67 
13.90 


New  Yobk,  Cbnts  peb  Pound 


1910 

1911  1912 

1913 

1914 

1916     1916 

1917     1918 

1919 

1920 

6.26 

5.55  6.52 

7.15 

5.29 

6.59  18.19 

9.94  7.88 

7.38 

9.62 

5.89 

5.  56  6.  71 

6.45 

5.40 

8.84  20.13 

10.48  7.99 

6.70 

9.14 

6.72 

5.65  6.98 

6.26 

5.28 

9.29  18.40 

10.  77  7.  64 

6.62 

8.92H 

6.60 

6.51  6.86 

5.77 

5.18 

11.22  18.68 

9.86  7.01 

6.61 

8.63 

5.20 

5.50  6.86 

5.47 

5.06 

16.14  15.86 

9. 46  7.  32 

6.46 

8.08 

6.19 

5.63  6.99 

5.18 

5.09 

22.18  12.75 

9.62  8.01 

6.93 

7.92 

5.20 

5.79  7.26 

5.38 

5.02 

20.58     9.83 

8. 95  8.  69 

7.90 

8.18 

6.26 

6.04  7.19 

5.75 

5.60 

14.11     8.98 

8.69  8.96 

7.84 

8.31 

5.53 

6.03  7.53 

6.82 

5.50 

14.16     8.22 

8.34  9.60 

7.57 

7.82 

5.69 

6.20  7.57 

5.42 

4.97 

13.96    9.98 

8.24  9.11 

7.83 

7.51 

6.95 

6.60  7.48 

5.29 

5.12 

17.15  11.90 

7.95  8.70 

8.14 

6.84 

6.80 

6.44  7.33 

5.18 

5.71 

16.69  11.13 

7.84  8.46 

8.69 

6.00 

Nbw  Yobk,  Cents  peb  Pound 


1910 

1911      1912 

1913 

1914 

1916 

1916 

1917     1918 

1919 

1920 

4.70 

4.60  4.41 

4.35 

4.11 

3.74 

5.93 

7.69  6.87 

6.56 

8.67 

4.63 

4.46  4.00 

4.35 

4.06 

3.82 

6.23 

9.13  7.04 

5.05 

8.88 

4.51 

4.41  4.08 

4.36 

3.97 

4.04 

7.43 

9.47  7.24 

5.23 

9.20H 

4.40 

4.44  4.20 

4.40 

3.82 

4.20 

7.73 

9.  43  6. 95 

6.03 

8.96 

4.37 

4.40  4.20 

4.37 

3.90 

4.25 

7.45 

11.00  6.88 

6.05 

8.65 

4.38 

4.46  4.60 

4.35 

3.90 

5.89 

6.87 

11.68  7.55 

6.33M 

8.47H 

4.40 

4.50  4.67 

4.37 

3.90 

5.69 

6.34 

10.  72  8. 04 

5.65 

8.67 

4.40 

4.50  4.54 

4.64 

3.87 

4.68 

6.26 

10. 72  8. 05 

6.77 

8.98 

4.40 

4.49  5.04 

4.73 

3.86 

4.62 

6.88 

8.84  8.05 

6.12 

8.11 

4.40 

4.31   5.06 

4.52 

3.62 

4.60 

7.00 

6.  77  8. 06 

6.45 

7.24 

4.44 

4.31  4.66 

4.33 

3.68 

6.16 

7.13 

6.44  8.05 

6.76 

6.33 

4.50 

4.46  4.32 

4.06 

3.80 

5.33 

7.60 

6.48  6.71 

7.03 

4.37 

ToBK,  Cbmts  pbb  Pound 


1910 

32.61 
32.65 
32.51 
32.83 
83.06 
32.79 
32.90 
n.92 
3S.17 
3tt.76 
r.88 
31.21 


1911      1912     1913     1914     1916     1916     1917 


41.20 
43.34 
41.10 
42.05 
43.32 
46.26 
43.23 
43.38 
30.60 
41.23 
43.08 
45.03 


44.68 
43.56 
42.76 
43.64 
45.98 
47.44 
44.70 
46.86 
49.16 
50.07 
49.87 
49.86 


50.34 
48.71 
46.93 
49.04 
49.06 
45.01 
41.32 
41.63 
42.63 
40.38 
39.75 
37.12 


39.12 
39.82 
38.03 
36.10 
33.21 
30.60 
36.65 
48.34 
31. 13 
30.25 
33.28 
34.01 


34.13 
37.25 
48.73 
47.64 
38.79 
40.26 
37.38 
34.37 
33.13 
33.05 
39.50 
38.63 


41.76 
42.60 
60.53 
51.61 
49.14 
42.07 
38.25 
38.88 
38.65 
41.10 
44.12 
42.66 


44.10 
51.47 
58.38 
66.82 
63.21 
61.93 
62.61 
62.63 
61.54 
62.24 
74.18 
84.74 


1918 

86.13 
86.00 
85.00 
88.63 
100.00 
91.00 
93.00 
91.33 
80.40 
78.82 
73.67 
71.51 


1919 

71.50 
72.45 
72.50 
72.50 
72.50 
71.83 
70.11 
62.20 
59.79 
64.82 
64.17 
53.80 


1920 

62.74 

59.87 

61.92H 
62.12 

54.99 

48.  33H 

49.29 

47.60 

44.43 

40.47 

36.97 

34.04 
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Tabls  XLI. — Tin  Plate,  at 


1900 

Jan 4.66 

Feb 4.65 

March.  ...  4.65 

April 4.66 

May 4.65 

June 4.  66 

July 4.66 

Aug 4 .  66 

Sept 4.60 

Oct 4.00 

Nov 4.00 

Dec 4.00 


1901     1902     1903 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 


4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
3.66 
3.60 


3.60 
3.60 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.60 
3.60 


1904 

3.56 
3.45 
3.46 
3.46 
46 
46 
41 
30 
30 
30 
39 
47 


1906 

3.65 
3.65 
3.65 
3.65 
3.65 
3.65 
3.65 
3.66 
65 
34 
34 
40 


3. 
3. 
3. 
3. 


1906 

3.47 
3.50 
3.50 
3.57 
3.66 
3.75 
8.76 
3.76 
3.75 
3.76 
3.90 
3.90 


1907 

3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 


1908 

3.74 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 


1909 

3.70 
3.70 
3.53 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.50 
3.56 
3.60 


Table  XLII. — No.  28  Black  Sheets, 


1900       1901      1902 

Jan 2.97H  2.90  3.07H 

Feb 3.03      2.93^  3.10 

March...   3.10       3.22^  3.10 

April 3.20       3.35  3. 12>^ 

May 3.20      3.30  3.10 

June 3.06       3.30  3.06 

July 3.  14H  3.10  3.00 

Aug 2.98       3.41  3.06 

Sept 2.  93H  3.  77>^  2. 97^ 

Oct 2.90      3.23  2.79 

Nov 2.89       3.10  2.76 

Dec 2.96       3.10  2.76 


1903 

2.75 
2.75 
2.76 
2.76 
2.75 
2.75 

2.7SH 

2.70 

2.66 

2.62 

2.49 

2.32 


1904 
2.29 

2.27M 

2.27 

2.25 

2.20 

2.16 

2.10 

2.10 

2.10 

2.10 

2. 12K 
2.22 


1906  1906  1907  1908  1909 


2.30 
2.30 
2.34 
2.40 
2.40 
2.30 
2.26 
2.26 
2.26 
2.26 
2.27 
2.30 


2.40 
2.40 
2.38 
2.35 
2.35 
2.50 
2.50 
2.50 
2.50 
2.60 
2.60 
2.60 


2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 


2.62 
2.50 
2:60 
2.50 
2.50 
2.50 
2.50 
2.50 
2.60 
2.60 
2.60 
2.50 


2.50 
2.50 
2.25 
2.20 
2.20 
2.20 
2.20 
2.20 
2.26 
2.30 
2.30 
2.40 


Table  XLIII. — Average  Pbices  of  No.  28  Galvanxbkd 


1900 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

Jan 

.   3.83 

4.36 

4.64 

3.70 

3.36 

3.35 

3.45 

3.67 

3.59 

3.55 

Feb 

.   4.09 

4.36 

4.36 

3.70 

3.26 

3.40 

3.46 

3.75 

3.65 

3.51 

March . . . 

.   4.32 

4.84 

4.36 

3.78 

3.23 

3.46 

3.43 

3.75 

3.56 

3.26 

April 

May 

. .  4.78 

4.84 

4.36 

3.89 

3.23 

3.46 

3.40 

3.76 

3.56 

3.25 

.    4.66 

4.74 

4.36 

.3.88 

3.23 

3.46 

3.40 

3.76 

3.65 

3.25 

June 

.    4.69 

4.69 

4.23 

3.81 

3.18 

3.36 

3.56 

3.76 

3.56 

3.25 

July 

.   4.53 

4.48 

4.26 

3.73 

3.14 

3.36 

3.66 

3.76 

3.65 

3.25 

Aug 

.  4.43 

4.74 

.4.18 

3.66 

3.14 

3.32 

3.55 

3.76 

3.65 

3.25 

Sept 

.    4.33 

4.73 

3.99 

3.66 

3.14 

3.30 

3.55 

3.75 

3.65 

3.28 

Oct 

.   4.26 

4.56 

3.87 

3.73 

3.14 

3.30 

3.58' 

3.75 

3.56 

3.35 

Nov 

.   4.16 

4.84 

3.86 

3.51 

3.23 

3.32 

3.66 

3.75 

3.56 

3.43 

Dec 

.    4.36 

4.84 

3.78 

3.40 

3.31 

3.35 

3.65 

3.76 

3.55 

3.50 

The  highest  prices  realized  for  galvanized  sheets,  a^ide  from  the  war  peak 
in  1917,  were  obtained  in  April,  1916,  following  the  spectacular  perfonnanoes 
of  spelter,  when  prices  of  that  metal  soared  to  an  mipreoedented  height.  At 
that  time.  No.  28  galvanized  sheets  sold  up  to  6.30c.  per  lb.,  Pittsburgh,  or 
higher,  although  the  average  for  the  month  is  placed,  in  the  table,  at  5c.  It 
is  interesting  to  know  that  in  1901,  in  a  period  of  great  activity  in  the  steel 
trade,  No.  28  galvanized  sheets  were  regularly  quoted  at  6.10c.,  Pittsburgh,  for 
two  weeks,  namely,  the  first  half  of  September. 

In  making  up  the  above  table  of  prices  the  compiler  has  used  for  Juiuary, 
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PrrrsBURGH,  Dollabs  psb  Box 


1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

3.60 

3.60 

3.40 

3.60 

3.32 

3.10 

3.76 

7.00 

7.76 

7.36 

7.00 

3.60 

3.67 

3.35 

3.60 

2.29 

3.10 

3.96 

7.38 

7.76 

7.35 

7.00 

3.60 

3.70 

3.30 

3.60 

3.30 

3.26 

4.19 

8.00 

7.75 

7.26 

7.00 

3.60 

3.70 

3.30 

3.60 

3.30 

8.25 

4.50 

8.00 

7.76 

7.00 

7.00 

3.60 

3.70 

3.33 

3.60 

3.30 

3.15 

5.30 

8.40 

7.75 

7.00 

7.00 

3.60 

3.70 

3.40 

3.60 

3.30 

3.11 

5.81 

10.50 

7.75 

7.00 

7.00 

3.60 

3.70 

3.43 

3.60 

3.27 

3.10 

6.00 

12.00 

7.75 

7.00 

7.60 

3.60 

3.70 

3.50 

3.55 

3.41 

3.10 

5.95 

11.40 

7.75 

7.00 

9.00 

3.60 

3.67 

3.58 

3.50 

3.35 

3.15 

5.75 

12.00 

7.75 

7.00 

9.00 

3.60 

3.52 

3.60 

3.50 

3.24 

3.15 

5.81 

7.75 

7.00 

8.33 

3.60 

3.40 

3.60 

3.40 

3.15 

3.28 

5.97 

*7!75 

7.75 

7.00 

7.50 

3.60 

3.40 

3.60 

3.40 

3.13 

3.52 

6.68 

7.75 

7.65 

7.00 

7.00 

ll' 


AT  PrrrsBURaH,  Cents  per  Pound 


1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

2.40 

2.20 

1.90 

2.31 

1.87 

1.80 

2.60 

4.50 

6.00 

4.70 

4.47H 

2.40 

2.20 

1.87 

2.35 

1.95 

1.80 

2.60 

4.69 

5.00 

4.70 

6.00 

2.40 

2.20 

1.80 

2.35 

1.96 

1.80 

2.71 

4.94 

5.00 

4.61 

6.60 

2.40 

2.20 

1.86 

2.36 

1.91 

1.80 

2.86 

5.75 

5.00 

4.35 

5.50 

2.40 

2.20 

1.90 

2.30 

1.85 

1.79 

2.89 

7.00 

6.00 

4.36 

5.50 

2.40 

2.00 

1.90 

2.27 

1.81 

1.75 

2.90 

7.88 

6.00 

4.36 

6.60 

2.23^ 

2.00 

1.96 

2.25 

1.80 

1.75 

2.90 

8.50 

5.00 

4.35 

6.76 

2.21 

1.99 

2.02 

2.21 

1.86 

1.85 

2.90 

8.50 

5.00 

4.35 

7.60 

2.15 

1.91 

2.07 

2.14 

1.95 

1.90 

2.93 

8.50 

5.00 

4.36 

7.37H 

2.20 

1.85 

2.21 

2.04 

1.94 

2.03 

3.23 

•  •  •  •  • 

6.06 

4.35 

6.69 

2.20 

1.85 

2.26 

1.97 

1.87 

2.26 

3.65 

5.00 

6.00 

4.35 

5.77 

2.19 

1.83^ 

2.26 

1.89 

1.82 

2.50 

4.31 

5.00 

4.86 

4.36 

4.35 

Shkktb,  at  PrrrsBURGH  in  Cents  per  Pound 


1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

3.50 

3.20 

2.90 

3.46 

2.87 

2.79 

4.75 

6.25 

6,25 

6.06 

6.  32H 

3.60 

3.20 

2.87 

3.60 

2.95 

3.16 

4.75 

6.38 

6.25 

6.05 

6.50 

3.60 

3.20 

2.80 

3.50 

2.96 

3.40 

4.76 

6.69 

6.25 

5.96 

7.00 

3.50 

3.20 

2.86 

3.50 

2.91 

3.29 

6.00 

7.00 

6.25 

5.70 

7.00 

3.50 

3.20 

2.90 

3.42 

2.80 

3.60 

4.94 

8.20 

6.26 

5.70 

7.00 

3.60 

3.00 

2.90 

3.38 

2.75 

4.28 

4.69 

9.60 

6.25 

5.70 

7.00 

3.39 

3.00 

3.00 

3.33 

2.75 

4.40 

4.38 

10.00 

6.25 

5.70 

8.26 

3.30 

2.99 

3.12 

3.24 

2.85 

3.71 

4.21 

10.00 

6.25 

5.70 

9.00 

3.21 

2.93 

3.21 

8.16 

-^2.95 

3.56 

4.18 

9.75 

6.25 

6.70 

8.87H 

3.20 

2.85 

3.36 

3.08 

2.96 

3.50 

4.41 

6.25 

6.70 

8.81 

3.20 

2.85 

3.40 

2.98 

2.88 

3.89 

5.18 

'6!25 

6.25 

5.70 

7.04 

3.19 

2.89 

3.40 

2.90 

2.78 

4.76 

6.00 

6.25 

6.15 

5.70 

6.70 

I 


u 


t' 


t 

I 


Petmiary  and  March,  1919,  up  to  March  21.  the  prices  in  effect  to  the  latter 
date,  and  then  used  the  6.70c.  price  in  effect  all  through  the  year  from  March 
21.  Premiums  were  paid  during  late  November  and  all  of  December,  but 
premiums  have  not  been  recorded  .above,  as  a  large  percentage  of  the  sheets 
aotd  in  1919  were  at  the  prices  named  in  the  table. 

Pic  Iron  Steel,  and  Rail  Prices  for  Twenty-one  Years. — Tables  XLIV  to 
LV,  inc..  published  in  the  Annual  Review  Section  of  the  Iron  Age.  Jan.  6, 

1*21.  give  the  monthly  average  prices  computed  from  the  weekly  market 

(loocations  of  the  Iron  Age. 
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Table  XLIV. — Besskmbb  Pig  Ibon  at  Pitts- 

1900      1901      1902  1903      1904     1905      1906      1907      1908  1909 

Jan $24.99  $13.15  $16.70  $22.15  $13.91  $16.85  $18.35  $23.15  $19.00  $17.34 

Feb 24.80    14.43    16.93  21.45    13.66    16.41    18.35    22.85    17.90  16.78 

March 24.72    16.31    17.37  21.85    14.26    16.35    18.28    22.85    17.86  16.25 

April 24.70    16.75    18.76  21.28    14.18    16.36    18.19    23.35    17.49  16.78 

May 21.00    16.30    20.76  20.01    13.60    16.16    18.10    24.01    16.93  15.84 

June 19.72    16.00    21.56  19.72    12.81    16.65    18.23    24.27    16.90  16.05 

July 16.75    16.00    21.60  18.89    12.40    14.85    18.41    23.65    16.83  16.46 

Aug 15.60    16.75    21.62  18.36    12.81    16.20    19.00    22.90    16.23  17.03 

Sept 13.87    15.75    21.76  17.22    12.63    15.91    19.54    22.90    15.90  18.06 

Oct 13.06    15.89    21.75  16.06    13.10    16.54    20.35    22.00    15.71  19.53 

Nov 13.48    16.00    21.68  15.18    14.85    17.85    22.85    20.65    16.59  19.90 

Dec 13.43    16.31    21.75  14.40    16.65    18.35    23.75    19.34    17.40  19.90 


Table  XLV. — Bessemer  Steel  Billets  at 

1900  1901  1902  1903  1904      1905  1906  1907  1908  1900 

Jan $34.50  $19.75  $27.50  $29.60  $23.00  $22.75  $26.25  $29.40  $28.00  $25.00 

Feb 34.87  20.21  29.37  29.87  23.00    23.50  26.50  29,50  28.00  26.00 

March 33.00  22.88  31.26  30.62  23.00    24.00  26.70  29.00  28.00  23.00 

April 32.00  24.00  31.50  30.25  23.00    24.00  27.00  30.12  28.00  23.00 

May 28.90  24.00  32.20  30.37  23.00    23.50  26.40  30.30  28.00  23.00 

June 27.25  24.38  32.37  28.87  23.00    22.00  26.63  29.62  25.75  23.00 

July 21.00  24.00  31.75  27.60  23.00    22.00  27.26  30.00  25.00  23.60 

Aug 18.20  24.20  31.06  27.00  23.00    24.00  27.80  29.25  26.00  24.13 

Sept 16.93  24.88  29.50  27.00  20.00    25.00  28.00  29.37  25.00  25.00 

Oct 16.50  26.70  29.70  27.00  19.50    25.62  28.00  28.20  26.00  26.25 

Nov 18.95  27.00  28.50  24.00  20.25    26.00  26.88  28.00  26.00  27.13 

Dec 19.75  27.50  29.12  23.00  21.20    26.00  29.50  28.00  25.00  27.50 


Table  XL VI. — Southern  No.  2  Foundry  Pig 

1900  1901  1902  1903  1904  1905  1906  1907  1908  1909 

Jan $20.69  $13.45  $14.56  $21.65  $12.37  $16.25  $16.75  $26.00  $16.15  $16.26 

Feb 20.50  13.12  14.75  21.50  12.12  16.26  16.75  26.00  15.75  16.13 

March 20.30  14.00  14.75  21.37  12.10  16.26  16.65  26.00  15.60  15.05 

April 20.19  14.50  16.87  20.15  12.50  16.25  16.63  25.06  15.20  14.26 

May 19.75  13.85  18.35  18.87  12.25  15.81  16.75  24.25  14.75  14.60 

June 18.76  13.37  20.19  17.75  11.80  14.65  16.44  24.10  16.25  14.70 

July 16.81  13.00  20.75  16.15  11.81  13.94  16.06  23.85  16.00  15.75 

Aug 14.25  13.00  23.06  15.19  12.00  14.40  17.30  23.00  15.25  16.38 

Sept 13.62  13.06  25.00  14.75  12.00  14.37  18.69  21.50  15.65  17.35 

Oct 12.87  13.75  25.65  13.60  12.81  15.31  20.00  20.96  15.76  17.88 

Nov 12.95  14.00  23.62  12.00  15.19  16.60  23.38  19.50  16.00  17.75 

Dec 13.75  14.25  22.44  12.05  15.85  16.75  25.00  17.00  16.25  17.46 


Table  XLVII.— ^Local  No.  2  Foundbt  Pig  Ibon  at 

1900  1901  1902  1903  1904  1905  1906  1907  1908  1909 

Jan. $23.85  $15.10  $16.26  $23.45  $14.47  $17.86  $19.60  $25.85  $18.45  $17.35 

Feb 23.85  14.60  16.85  23.35  13.91  17.86  19.41  25.85  18.16  16.75 

March 23.86  15.60  18.51  23.22  14.06  17.80  19.35  26.10  17.85  16.50 

April 23.72  15.85  18.97  22.87  14.36  17.60  19.10  26.36  17.73  16.50 

May 22.65  15.85  20.86  20.72  13.85  17.60  18.90  26.86  17.63  16.50 

June 20.72  15.35  21.86  19.85  13.70  17.00  18.54  26.60  17.73  16.50 

July 18.60  15.35  21.60  18.26  13.60  16.47  18.60  25.66  17.55  17.00 

Aug 16.26  16.35  22.10  17.22  13.60  16.60  19.46  24.86  17.35  17.13 

Sept 15.35  15.35  23.35  16.41  13.85  16.60  20.16  24.10  17.05  18.70 

Oct 14,85  15.10  23.35  15.70  14.10  17.66  21.48  22.45  16.86  19.00 

Nov 14.86  15.23  23.36  16.10  15.98  19.15  24.70  20.66  17.10  19.00 

Dec 16.10  15.85  23.36  14.81  16.96  19.60  25.85  18.80  17.35  19.00 


M.M      MM    17. 
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Table  XL VIII. — Standard  Brands  Eastern  Pennsylvania  No.  2  X 

1900  1001  1902  1903  1904  1905  1906  1907  1908  1900 

Jan $22.70  $15.50  $16.75  $22.45  $14.69  $17.50  $18.50  $24.80  $18.25  $17.25 

Feb 22.56  15.31  17.19  22.25  14.50  17.50  18.50  25.87  18.25  17.00 

March 22.31  15.12  18.81  22.25  14.80  17.56  18.35  25.00  18.12  16.37 

April 21.75  15.46  19.62  21.87  15.00  17.75  18.44  24.81  17.65  16.20 

May 20.60  15.19  19.75  20.06  14.75  17.81  18.50  25.55  16.94  16.06 

June 18.75  15.06  20.94  19.19  14.50  16.75  18.44  24.62  16.62  16.42 

July 16.37  15.00  22.30  18.10  14.31  16.12  18.25  23.06  16.50  16.5Q 

Aug 16.15  14.97  22.00  16.87  14.25  16.25  19.00  21.90  16.50  17.00 

Sept 15.56  14.80  22.00  16.12  14.25  16.43  20.44  20.50  16.62  18.05 

Oct 15.00  15.25  22.12  15.20  14.43  17.25  21.12  19.85  16.75  18.69 

Nov 15.35  16.37  23.37  15.00  15.75  18.05  23.30  18.94  17.00  19.00 

Dec 15.62  15.75  23.00  15.00  16.90  18.25  24.00  18.84  17.25  19.00 


Table  XLIX. — Soft  Steel  Barb  at 


1000 

Jan 2.  22 

Feb 2.21 

March 2.  25 

April 2.10 

May 1.91 

June 1.  52 

July 1.19 

Aug 1.05 

Sept 1.12 

Oct 1.09 

Nov 1.18 

Dec 1.26 


1901     1902     1903     1904     1905     1906     1907     1908 


1.25 
1.30 
1.40 
1.47 
1.41 
1.40 
1.40 
1.44 
1.60 
1.53 
1.60 
1.50 


1.50 
1.51 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 


1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.37 
1.30 


1.30 
1.30 
1.33 
1.36 
1.36 
1.35 
1.35 
1.35 
1.31 
1.30 
1.31 
1.34 


1.40 
1.40 
1.60 
1.60 
1.50 
1.46 
1.60 
1.60 
1.60 
1.60 
1.50 
1.60 


1.60 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
1.60 
1.60 
1.50 
1.54 
1.60 


1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 


1.60 
1.60 
1.60 


1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 


60 
60 
45 
40 
40 
40 
40 
40 
40 


1909 

1.40 
1.35 
1.20 
1.15 
1.19 
1.20 
1.27 
1.32 
1.39 
1.51 
1.50 
1.50 


Table  L. — Wire  Rod  Prices  at 


1903 

Jan $34.70 

Feb 36.75 

March 36.62 

April 37.00 

May 37.00 

June 36.62 

July 35.  80 

Aug 35.00 

Sept 34.75 

Oct 34.00 

Nov 31.62 

Dec 30.  50 


1904 
$30.00 
,30.00 
30.80 
31.00 
30.50 
29.20 
28.00 
28.00 
27.00 
26.00 
26.75 
29.80 


1905 
$31.00 
31.00 
31.70 
34.00 
34.00 
33.30 
31.87 
32.10 
31.12 
31.75 
32.10 
32.50 


1906 
$33.75 
34.00 
34.00 
34.12 
34.40 
34.00 
34. QO 
34.00 
34.00 
34.50 
35.50 
37.00 


1907 
$37.00 
37.00 
37.00 
37.00 
37.00 
37.12 
36.50 
86.10 
36.00 
35.40 
34.00 
34.00 


1908 
$34.30 
35.00 
35.00 
35.00 
35.00 
33.60 
33.00 
33.25 
33.00 
33.00 
33.00 
33.00 


1909 
$33.00 
33.00 
33.00 
29.00 
27.50 
27.60 
29.40 
81.00 
31.50 
31.87 
82.50 
33.00 


1910 
$33.00 
33.00 
33.00 
32.50 
32.00 
30.80 
29.25 
28.25 
28.00 
28.50 
28.12 
28.00 


Table  LI. — Billet  Prices  at  Pitts- 

1889         1890         1891         1892         1893         1894         1895 

Jan $28.15  $36.65  $25.60'  $25.00  $21.56  $16.12  $14.90 

Feb 27.81  35.25  26.00  24.36  21.62  15.75  14.95 

March 27.25  31.88  26.25  23.00  22.60  15.55  14.84 

April 27.00  28.38  25.35  22.81  22.44  15.69  15.44 

May 26.90  27.55  25.50  22.41  21.69  18.00  16.30 

June 26.75  30.25  26.25  22.97  21.70  18.12  18.63 

July 27.13  30.70  25.50  23.50  21.06  18.00  20.76 

Aug 28.20  30.38  26.31  23.81  20.45  17.15  21.75 

Sept 29.60  30.13  26.00  23.65  19.31  17.19  24.00 

Oct 33.70  28.70  24.90  23.53  18.06  16.00  21.90 

Nov 34.00  27.39  24.16  24.94  17.37  15.57  19.13 

Dec 35.60  26.25  24.20  22.40  16.69  15.12  16.97 

*  Quotations  on  wire  rods  did  not  regularly  appear  in  market  reports  until 
burgh.     The  quotations  for  November  and  December,  1917,  and  all  of  1918, 

t  The  table  below  gives  the  average  monthly  prices  of  4  x  4  in.  Bessemer  steel 
and  are  averaged  from  weekly  quotations  'in  Iron  Age.     Prior  to  1886  steel 
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FouKDRT  Pig  Iron  at  Philadblphia,  Dollars  per  Gross  Ton 


1010 

119.00 
18.60 
18.00 
17.75 
17.00 
10.55 
16.25 
16.00 
16.00 
15.81 
15.68 
15.50 


19ir 

$15.50 
15.50 
15.50 
15.50 
15.50 
15.25 
15.00 
15.00 
15.00 
15.00 
14.95 
14.85 


1912 

$14.85 
14.85 
14.92 
15.00 
15.18 
15.31 
15.70 
15.87 
16.50 
17.60 
18.25 
18.25 


1913      1914       1915       1916       1917       1918       1919       1920 


$18.25 
18.25 
17.77 
17.40 
16.75 
16.19 
15.60 
15.60 
15.83 
15.95 
15.56 
15.20 


$14.65 
14.94 
15.00 
15.00 
14.81 
14.75 
14.75 
14.75 
14.76 
14.63 
14.50 
14.25 


$14.25 

14.25 

14.25 

14.25 

14.25 

14.25 

14.31 

14.94 

16.00 

16.25 

17.12 

19.05 


$19.94 
20.00 
20.05 
20.50 
20.50 
19.94 
19.75 
19.55 
19.50 
20.31 
24.90 
29.25 


$30.10 
31.88 
37.31 
41.38 
43.60 
48.19 
53.13 
53.00 
51.67 
34.25 
34.25 
34.25 


$34.25 
34.25 
34.25 
34.25 
34.25 
34.29 
34.40 
34.40 
34.40 
38.85 
39.15 
39.15 


$36.15 
36.15 
34.39 
31.90 
30.70 
29.50 
29.08 
29.60 
30.70 
32.10 
35.35 
40.10 


$44.10 
45.10 
45.53 
46.85 
47.10 
47.15 
48.15 
51.96 
53.51 
52.53 
44.99 
34.79 


PrrrsBURGH,  Cents  per  Pound 
1910       1911     1912     1913     1914     1915     1916     1917     1918     1919 


1.50 
1.50 
1.45 
1.45 
1.45 
1.45 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 


1.40 
1.40 
1.40 
1.40 
1.37 
1.25 
1.23 
1.20 
1.19 
1.12 
1.08 
1.12 


15 
12 
10 
16 
20 
20 
25 
30 
1.37 
1.45 
1.65 
1.66 


70 
70 
85 
84 
70 
60 
50 
40 
40 
1.39 
1.29 
1.21 


1. 
1, 
1, 
1. 
1. 
1. 
1. 
1. 
1. 


1.20 
1.20 
1.20 
1.15 
1.14 
1.11 
1.12 
1.19 
1.20 
1.15 
1.10 
1.07 


1.10 
1.10 
M6 
1.20 
1.20 
1.21 
1.25 
1.30 
1.34 
1.44 
1.62 
1.84 


2.03 
2.31 
2.65 
2.88 
3.00 
2.76 
2.63 
2.66 
2.60 
2.75 
2.83 
3.00 


3.15 
3.25 
3.63 
3.75 
4.00 
4.25 
4.50 
4.30 
4.00 
2.90 
2.90 
2.90 


2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2  90 
2.90 
2.90 
2.90 
2.90 
2.80 


2.70 
2.70 
2.61 
2.35 
2.35 
2.35 
2.36 
2.36 
2.35 
2.39 
2.69 
2.76 


1920 

2.75 
3.00 
3.63 
3.76 
3.63 
3.50 
3.50 
3.25 
3.25 
3.13 
2.87 
2.35 


PrmBJjnaB  for  Eiqhtsbn  Years* 


1911 
S28.00 
28.75 
29.00 
29.00 
29.00 
28.25 
27.00 
27.00 
27.00 
26.00 
25.30 
24.60 


1912 
$24.37 
25.00 
25.00 
25.00 
25.00 
25.00 
26.00 
25.80 
27.00 
28.50 
29.75 
30.00 


1913 
$30.00 
30.00 
30.00 
30.00 
30.00 
29.50 
28.30 
28.00 
27.37 
26.60 
26.87 
25.17 


1914 
$25.50 
26.38 
26.50 
26.00 
26.50 
24.50 
24.50 
25.00 
26.20 
25.88 
25.25 
25.00 


1915 
$25.00 
25.00 
25.00 
25.00 
26.00 
25.00 
25.63 
27.00 
29.40 
31.75 
36.26 
39.60 


1916 
$43.00 
48.00 
54.80 
60.00 
60.00 
53.75 
53.75 
56.00 
55.00 
55.00 
63.00 
68.75 


1917 
$75.00 
77.50 
81.00 
85.00 
86.00 
92.60 
96.25 
94.00 
88.75 
77.25 
57.00 
57.00 


1918 
$57.00 
67.00 
57.00 
57.00 
57.00 
57.00 
57.00 
57.00 
57.00 
57.00 
57.00 
57.00 


1919 
$57.00 
57.00 
56.75 
52.00 
62.00 
52.00 
62.00 
62.00 
52.00 
52.00 
54.60 
59.50 


1920 
$60.00 
63.75 
70.00 
70.00 
72.60 
76.00 
75.00 
75.00 
75.00 
76.00 
66.40 
57.00 


BUBOB   FOB  ThIRTT-TWO   YEARSf 


1806 


1807 


1898 


1899 


1900 


1901 


1902 


1903 


1904 


$16.80 

$15.42 

$14.93 

$;A,62 

$34.50 

$19.75 

$27.50 

$29.60 

$23.00 

17.38 

15.25 

15.06 

18.00 

34.87 

20.31 

29.37 

29.87 

23.00 

17.00 

15.44 

15.25 

24.30 

33.00 

22.88 

31.25 

30.62 

23.00 

10.53 

14.60 

15.06 

25.37 

32.00 

24.00 

31.50 

30.25 

23.00 

10.50 

13.82 

14.85 

26.75 

28.90 

24.00 

32.27 

30.37 

23.00 

10.12 

14.06 

14.65 

30.10 

27.26 

24.38 

32.35 

28.87 

23.00 

18.85 

14.00 

14  50 

33.12 

21.00 

24.00 

31.76 

27.60 

23.00 

18.75 

14.00 

15.85 

35.40 

18.20 

24.20 

31.02 

27.00 

23.00 

10.75 

15.60 

16.00 

38.37 

16.93 

24.88 

29.50 

27  00 

20.00 

10.75 

16.44 

15.56 

38.75 

16.50 

26.70 

29.70 

27.00 

19.50 

20.00 

16.57 

15.06 

36.50 

18.95 

27.00 

28.50 

24  00 

20.25 

17.50 

15.00 

15.80 

33.75 

19.75 

27.50 

29.10 

23.00 

21.20 

Ute  in  1901.     Prices  above  are  for  Bessemer  wire  rods,  per  gross  ton,  at  Pitts- 
are  Government  prices  and  apply  also  to  open-hearth  rods. 
biOets  at  Pittsburgh  from  1889  to  1920,  inclusive.     The  prices  are  per  gross  ton 
bOlets  were  not  a  regular  merchant  commodity. 
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1905 

Jan $22.75 

Feb 23.50 

March 24.00 

April 24.00 

May 23.50 

June 22.00 

July 22.00 

Aug 24.00 

Sept 25.00 

Oct 25.62 

Nov 26.00 

Dec 26.00 


Tabls  LI — 

1906 

1907 

1908 

1909 

1910 

1911 

$26.25 

$29.40 

$28.00 

$25.00 

$27.50 

$23.00 

26.50 

29.50 

28.00 

25.00 

27.50 

23.00 

26.70 

29.00 

28.00 

23.00 

27.50 

23.00 

27.00 

30.12 

28.00 

23.00 

26.75 

23.00 

26.40 

30.30 

28.00 

23.00 

26.12 

22.60 

26.63 

29.62 

25.75 

23.00 

25.30 

21.00 

27.25 

30.00 

25.00 

23.50 

25.00 

21.00 

27.80 

29.25 

25.00 

24.13 

24.62 

21.00 

28.00 

29.37 

25.00 

25.00 

24.40 

20.76 

28.00 

28.20 

25.00 

26.25 

23.75 

20.00 

28.88 

28.00 

25.00 

27.13 

23.30 

19.50 

29.50 

28.00 

25.00 

27.50 

23.00 

19.25 

Tabls  LII. — Tank  Plates  at 


1000 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

Jan 

2.22 

1.40 

1.60 

1.75 

1.60 

1.50 

1.60 

1.70 

1.70 

1.60 

Feb 

2.17 

1.40 

1.60 

1.60 

1.60 

1.50 

1.60 

1.70 

1.70 

1.52 

March. . . . 

2.03 

1.47 

1.60 

1.60 

1.60 

1.60 

1.60 

1.70 

1.70 

1.30 

April 

May 

1.87 

1.57 

1.60 

1.60 

1.60 

1.60 

1.60 

1.70 

1.70 

1.27 

1.69 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.70 

1.70 

1.29 

June 

1.39 

1.60 

1.69 

1.60 

1.60 

1.60 

1.60 

1.70 

1.62 

1.25 

July 

1.16 

1.60 

1.75 

1.60 

1.60 

1.60 

1.60 

1.70 

1.60 

1.33 

Aug 

1.09 

1.60 

1.75 

1.60 

1.60 

1.60 

1.60 

1.70 

1.60 

1.40 

Sept 

1.11 

1.60 

1.75 

1.60 

1.44 

1.60 

1.60 

1.70 

1.60 

1.46 

Oct 

1.07 

1.60 

1.84 

1.60 

1.40 

1.60 

1.60 

1.70 

1.60 

1.50 

Nov 

1.31 

1.60 

1.82 

1.60 

1.40 

1.60 

1.62 

1.70 

1.60 

1.54 

Dec 

1.39 

1.60 

1.82 

1.60 

1.45 

1.60 

1.70 

1.70 

1.60 

1.55 

Table  LUX. — Beams  at  Pitts- 


1900 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

Jan 

2.25 

1.50 

1.60 

1.80 

1.60 

1.50 

1.70 

1.70 

1.70 

1.60 

Feb 

2.25 

1.50 

1.60 

1.60 

1.60 

1.50 

1.70 

1.70 

1.70 

1.52 

March 

2.25 

1.52 

1.70 

1.60 

1.60 

1.60 

1.70 

1.70 

1.70 

1.30 

April 

May 

2.25 

1.60 

1.70 

1.60 

1.60 

1.60 

1.70 

1.70 

1.70 

1.27 

2.25 

1.60 

1.60 

1.60 

1.60 

1.60 

1.70 

1.70 

1.70 

1.27 

June 

2.07 

1.60 

1.60 

1.60 

1.60 

1.60 

1.70 

1.70 

1.62 

1.25 

July 

1.90 

1.60 

1.84 

1.60 

1.60 

1.60 

1.70 

1.70 

1.60 

1.33 

Aug 

1.74 

1.60 

2.00 

1.60 

1.60 

1.63 

1.70 

1.70 

1.60 

1.40 

Sept 

1.50 

1.60 

2.00 

1.60 

1.44 

1.70 

1.70 

1.70 

1.60 

1.46 

Oct 

1.50 

1.60 

2.07 

1.60 

1.40 

1.70 

1.70 

1.70 

1.60 

1.50 

Nov 

1.50 

1.60 

2.05 

1.60 

1.40 

1.70 

1.70 

1.70 

1.60 

1.54 

Dec 

1.50 

1.60 

2.00 

1.60 

1.44 

1.70 

1.70 

1.70 

1.60 

1.55 

Table  LIV. — Wire  Nails  at  Prrrs- 


1900  1901  1902  1903 

Jan S3.  20  $2.22  $1.99  $1.89 

Feb 3.20  2.30  2.05  1.92 

March 3.20  2.30  2.05  2.00 

April 2.96  2.30  2.05  2.00 

May 2.20  2.30  2.05  2.00 

June 2.20  2.30  2.05  2.00 

July 2. 20  2. 30  2. 05  2. 00 

Aug 2.20  2.30  2.05  2.00 

Sept 2.20  2.30  2.03  2.00 

Oct 2.20  2.28  1.89  2.00 

Nov 2.20  2.17  1.85  1.97 

Dec 2.20  1.99  1.85  1.87 


1904 
$1.89 
1.90 
1.91 
1.90 
1.90 
1.90 
1.89 
1.71 
1.60 
1.60 
1.62 
1.73 


1905 
$1.75 
1.80 
1.80 
1.80 
1.80 
1.74 
1.70 
1.70 
1.74 
1.80 
1.80 
1.80 


1906 
$1.85 
1.85 
1.85 
1.85 
1.85 
1.85 
1.84 
1.82 
1.86 
1.85 
1.88 
2.00 


1907 
$2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.05 
2.05 
2.05 
2.05 


1908 
$2.05 
2.05 
2.05 
2.05 
2.05 
1.97 
1.95 
1.95 
1.95 
1.95 
1.95 
1.95 


1909 
$1.95 
1.95 
1.95 
1.87 
1.65 
1.70 
1.72 
1.80 
1.80 
1.80 
1.80 
1.85 
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Continued 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

120.00 

$28.30 

120.13 

$19.25 

$32.00 

$63.00 

$47.50 

$43.50 

$48.00 

20.00 

28.50 

21.00 

19.50 

33.50 

65.00 

47.50 

43.50 

55.25 

19.76 

28.50 

21.00 

19.70 

42.40 

66.25 

47.50 

42.25 

60.00 

20.00 

28.50 

20.80 

20.00 

45.00 

73.75 

47.50 

38.50 

60.00 

20.80 

27.60 

20.00 

20.00 

45.00 

86.00 

47.50 

38.50 

60.00 

20.87 

26.50 

19.50 

20.5Ct 

43.50 

68.75 

47.50 

38.50 

61.00 

21.50 

26.60 

19.00 

21.38 

41.00 

100.00 

47.50 

88.50 

62.50 

22.12 

26.00 

20.25 

23.13 

44.20 

86.00 

47.50 

38.50 

61.00 

23.62 

24.87 

21.00 

24.10 

45.00 

66.25 

47.50 

38.50 

58.74 

26.00 

23.30 

20.00 

24.63 

46.25 

49.38 

47.50 

38.50 

55. CO 

27.00 

21.00 

19.25 

26.50 

52.00 

47.50 

47.60 

38.87 

49.70 

27.00 

20.00 

19.00 

30.25 

57.50 

47.50 

45.60 

46.00 

43.50 

PTTTaBUBGH,    CbNTS    PSB   PoUND 


1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1.65 

1.40 

1.15 

1.75 

1.20 

1.10 

2.25 

4.45 

3.25 

3.00 

2.72 

1.55 

1.40 

1.11 

1.71 

1.20 

1.10 

2.56 

4.88 

3.25 

3.00 

3.50 

1.55 

1.40 

1.12 

1.70 

1.18 

1.10 

3.10 

5.25 

3.25 

2.91 

3.63 

1.55 

1.40 

1.21 

1.68 

1.15 

1.15 

3.56 

5.88 

3.25 

2.65 

3.75 

1.51 

1.39 

1.25 

1.60 

1.12 

1.15 

3.75 

6.60 

2.25 

2.65 

3.75 

1.48 

1.35 

1.25 

1.45 

1.10 

1.16 

3.63 

8.00 

3.25 

2.65 

3.65 

1.41 

1.35 

1.30 

1.45 

1.10 

1.22 

3.44 

9.00 

3.25 

2.65 

3.38 

1.40 

1.34 

1.35 

1.44 

1.18 

1.26 

3.70 

8.80 

3.25 

2.65 

3.25 

1.40 

1.29 

1.47 

1.40 

1.20 

1.34 

4.00 

8.00 

3.25 

2.53 

3.25 

1.40 

1.17 

1.53 

1.36 

1.14 

1.44 

4.00 

3.25 

3.25 

2.61 

3.09 

1.40 

1.13 

1.59 

1.26 

1.08 

1.65 

4.15 

3.25 

3.25 

2.65 

2.81 

1.40 

1.15 

1.60 

1.20 

1.05 

2.04 

4.25 

3.25 

3.13 

2.65 

2.65 

BUBGH,  Cents  pub  Pound 


1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1.55 

1.40 

1.15 

1.75 

1.20 

1.10 

1.90 

3.25 

3.00 

2.80 

2.47 

1.51 

1.40 

1.11 

1.71 

1.20 

1.10 

2.06 

3.25 

3.00 

2.80 

2.70 

1.50 

1.40 

1.15 

1.70 

1.19 

1.10 

2.40 

3.54 

3.00 

2.71 

3.13 

1.50 

1.40 

1.21 

1.68 

1.15 

1.20 

2.55 

3.88 

3.00 

2.45 

3.25 

1.50 

1.39 

1.25 

1.50 

1.14 

1.20 

2.60 

4.00 

3.00 

2.45 

3.10 

1.48 

1.35 

1.25 

1.45 

1.11 

1.20 

2.53 

4.31 

3.00 

2.45 

3.10 

1.41 

1.35 

1.30 

1.45 

1.12 

1.25 

2.50 

4^.50 

3.00 

2.45 

3.10 

1.40 

1.35 

1.35 

1.45 

1.19 

1.30 

2.52 

4.30 

3.00 

2.45 

3.10 

1.40 

1.34 

1.42 

1.41 

1.20 

1.35 

2.64 

4.00 

3.00 

2.45 

3.10 

1.40 

1.21 

1.48 

1.37 

1.15 

1.44 

2.75 

3.00 

3.00 

2.45 

3.05 

1.40 

1.13 

1.57 

1.29 

1.10 

1.60 

2.86 

3.00 

3.00 

2.45 

2.89 

1.40 

1.15 

1.60 

1.25 

1.07 

.1.78 

3.25 

3.00 

2.90 

2.45 

2.45 

BUBGH,   DOLliABS  FEB  KeG  OF  100  Lb. 


1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1.85 

$1.71 

$1.57 

$1.75  $1.54  $1.54  $2.13  $3.00  $3.50  $3.50 

$4.50 

1.85 

1.75 

1.60 

1.75 

1.60 

1.57 

2.25 

3.00 

3.60 

3.60 

4.50 

1.86 

1.79 

1.60 

1.76 

1.60 

1.60 

2.40 

3.20 

3.50 

3.44 

4.00 

1.86 

1.80 

1.60 

1.80 

1.60 

1.56 

2.40 

3.28 

3.50 

3.25 

4.00 

1.82 

1.80 

1.60 

1.80 

1.56 

1.55 

2.50 

3.50 

3.60 

3.25 

4.00 

1.80 

1.75 

1.60 

1.80 

1.50 

1.55 

2.50 

3.75 

3.60 

3.25 

4.00 

1.75 

1.70 

1.62 

1.70 

1.52 

1.60 

2.50 

4.00 

3.50 

3.25 

4.00 

1.70 

1.69 

1.66 

1.65 

1.56 

1.61 

2.58 

4.00 

3.50 

3.25 

4.25 

1.70 

1.65 

1.70 

1.65 

1.60 

1.69 

2.60 

4.00 

3.50 

3.25 

4.25 

1.70 

1.64 

1.70 

1.63 

1.60 

1.80 

2.63 

•    •    •   • 

3.50 

3.31 

4.25 

1.70 

1.55 

1.70 

1.59 

1.50 

1.87 

2.85 

3.50 

3.50 

3.50 

4.06 

1.70 

1.53 

1.72 

1.55 

1.51 

2.04 

3.00 

3.50 

8.50 

4.12 

3.25 
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Table  LV. — Bebsbmeb  Stebl  RaiXiS 


1900  1001  1002  1003 

Jan 135.00  $26.00  128.00  $28.00 

Feb 34.00  26.00  28.00  28.00 

March 35.00  26.00  28.00  28.00 

April 35.00  27.30  28.00  28.00 

May 35.00  28.00  28.00  28.00 

June 35.00  28.00  28.00  28.00 

July 35.00  28.00  28.00  28.00 

Aug 35.00  28.00  28.00  28.00 

Sept 32.00  28.00  28.00  28.00 

Oct 26.00  28.00  28.00  28.00 

Nov 26.00  28.00  28.00  28.00 

Dec 26.00  28.00  28.00  28.00 


1904 
$28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 


1905 
$28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 


1006 
$28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 


1007 
$28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 


1008 
$28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 


1909 
$28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 
28.00 


Structural  Steel  Prices  for  15  Years. — Fig.  7,  given  in  Engineering  and 
Contracting,  Oct.  31,  1917,  shows  the  average  prices  of  structural  steel  at 


/ffO/  1902  1903  /904  I90S    I90f> 


1907  1903  1909 
FiQ.  7. 


1910  1911     19 tZ    1913  19/4  1915  1916 


Pittsburgh  for  the  years  1901  to  1916.  The  figures  for  structural  shapes  are 
base  for  beams  and  channels  3  in.,  to  15  in.,  and  angles  3  in.  to  6  in.  Prices  for 
plates  are  f .  o.  b.  Pittsburgh,  and  are  for  tank  quality.  Prices  for  bars  are  also 
Pittsburgh  base  and  are  for  rounds  and  squares  y^  in.  to  Ke  in. 
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Strnetiiril  Steal  Prices,  1»M  to  HIT.— Fig.  S,  reproduced  in 


leDec.,  1 


B,  Bridge  MbjiubI  of  the  Oregon 
el  from  fear  to  year 


M  various  Etoges  In  its  prosreaB  from  furnace  lo  tbe  erected  bridge.  The 
Icwcst  line  In  the  diBgram  representa  pig  Iron  IPittsburgh  District),  the  next 
two  Mnea  steel  bars  and  etructurfll  steel  in  the  Pittsburgh  District,  the  second 
Une  from  the  top  fabricated  steel  at  site  (average  for  Oregon),  and  the  top 
Hue  steel  in  bridge  erected  hi  Oregon. 


Via.  a— Prioe  per  U 


iX  steel  ttoni  f  onuKe  1 


<  place  in  bridge. 


The  curves  representing  the  costs  of  pig  Iron,  steel  bars  and  structural 
shapes  are  drawn  up  from  data  from  Tbe  Iron  Age  and  are  based  on  prices 
at  Pillsbuigh. 

The  line  representing  fabricated  steel  at  the  bridge  site  la  obtained  b?  adding 
S50  to  tbeee  Eastern  prices  oa  structural  shapes  to  provide  tor:  Sleei  inspec- 
ttoo.  fabrication,  shop  inspection,  waste  in  fabrication,  draughting,  shop 
painting,  freight  to  Portland  dLitrlct,  read  haul  and  handling. 

While  this  assumed  figure  of  tSO  is  not  a  maximum.  It  Is  stated  to  be  con- 
siderably higher  than  tbe  mean  or  average  coat  of  the  sum  of  the  items  it  la 
llteDded  to  cover,  within  the  present  s 

The  line  representing  steel  erected  in  plao 
the  cost  of  the  fabricated  material  at  the  site 
handling,  erection  and  painting,  and  is  a  little  better  than  a  fair  average  price 
Ira  steel  bridge  erection  in  Oregon.  This  Uoeauggeata  in  a  graphical  way,  tot 
the  Vena  of  years  which  it  covers,  a  base  line  about  which,  in  comparative 
pnxfanitr  to  it,  ths  prices  paid  for  this  woric  should  have  ranged  themselves. 


e  of  steel  bridge  construction 
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The  costs  from  mill  to  site  and  for  erection  and  painting  are  based  on  the  cost 
of  a  large  number  of  structures  built  in  Oregon.  The  Manual  states  that 
actual  costs  should  run  under,  rather  than  over,  the  figures  given. 

Teaming  rates  vary  considerably  according  to  the  topography  of  the  country 
and  condition  of  the  roads.  They  also  are  subject  to  conditions  of  supply 
and  demand,  but,  according  to  the  Manual,  a  fair  average  price  for  teaming 
throughout  the  state  is  30  ct.  per  ton  mile. 

Price  of  Common  Brick. — At  the  first  annual  convention  of  the  Common 
Brick  Manufacturers  of  America  at  Chicago,  information  was  collected  from 
the  delegates  regarding  the  prices  of  common  brick  in  various  cities.  The 
following  table  shows  the  trend  of  prices  for  the  years  1916-1919  in  9  large 
cities: 

1916  1917  1918  1919 

Boston ....$12.00  $14.00  $17.00  $18.00 

Chicago , 7.00  9.00  12.00  12.00 

Cincinnati 10.  00  13. 00  15. 00  16.  75 

Detroit 9.00  11.00  12.00  13.00 

Lob  Angeles 6.00  8.00  14.00  12.50 

Louisville 8.50  12.50  20.00  17.50 

New  York* 7.35  8.15  10.85  14.00 

Philadelphia 8.50  12.50  14.00  19.00 

San  Francisco  t 7.50  10.00  11.00  12.50 

•  Delivered  at  ferry,     t  Delivered  at  plant. 

Method  of  Obtaining  the  "Average"  Increase  in  Prices  of  Building  Mater- 
ials (Engineering  and  Contracting,  April  24,  1918.)  When  dealing  with 
"  averages"  there  is  grave  danger  of  falling  into  the  error  of  using  arithmetical 
averages  instead  of  weighted  averages.  A  building  magazine  recently  said 
that  since  Aug.  1,  1914,  the  average  price  of  building  materials  had  risen  84 
per  cent,  yet  the  same  periodical  published  the  following  table  of  prices  for 
March  1,  of  the  years  named: 

1914 

Pine,  yellow,  12-in.  and  under  per  M $25. 00 

Nails,  wire,  base  price,  per  keg 1 .  90 

Brick,  Hudson  River,  hard,  per  M 6.  50 

Lime,  eastern  common,  per  obi .92 

Timber,  E.  spruce,  wicfe  random,  per  M 24. 00 

Timber,  hemlock,  Penn.,  random,  per  M 24.  50 

Glass,  window,  10  X  15,  per  box,  50  sq.  ft 2. 14 

If  we  add  together  the  figures  in  the  last  column  and  divide  by  the  number  of 
items,  7,  we  get  an  arithmetical  average  of  67  per  cent,  which  might  be  called 
an  average  mcrease  in  the  prices  of  these  building  materials;  but  it  should  be 
apparent  that  such  an  average  is  really  meaningless.  Note  that  the  quan- 
tities of  each  of  these  seven  different  materials  that  would  be  required  m  most 
buildings  are  such  that  brick  and  pine  would  greatly  predominate;  yet  brick 
and  pine  have  each  risen  only  46  per  cent  in  price.  On  the  other  hand,  nails, 
lime  and  glass  are  used  ia  relatively  small  quantities,  and  they  have  risen  95, 
106  and  137  per  cent  in  price. 

To  ascertain  the  weighted  average  change  in  price  of  building  materials  in 
a  building  of  a  given  class,  multiply  the  quantities  of  each  kmd  of  material 
by  the  prices  at  the  two  different  periods  and  ascertam  the  ratio  of  the  two 
resulting  totals.  A  rough  application  of  this  rule  leads  us  to  conclude  that 
the  average  building  cost  has  risen  about  50  per  cent  since  the  war  b^an. 


Per  cent 

1918 

increase 

$42.00 

46 

4.00 

95 

10.25 

46 

1.90 

106 

28.00 

17 

30.50 

24 

5.13 

137 
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DetBrminatioa  of  Unit  Piic«  of  Hateiial  for  Puipatea  of  Valuation  af 

PUnL — Ensineering  and  Contracting,  Ma?  13.  tS14.  pubUabes  tbe  toUowine 
article  b;  R.  V.  Achatz. 

One  ot  the  flrat  questiona  whlcb  must  be  decidad  In  making  a  valuation  of  a 
physical  plant  Is  what  unit  costs  of  material  and  labor  are  to  be  used.  Id 
maUog  a  valuation  on  the  cost  ot  reproduction  basis,  it  is  agreed  tbat  these 
costs  should  be  present  costs  but  there  ia  a  question  ol  Just  wbat  Is  present 
cost.  In  the  case  oT  labor  present  coet  ia  a  coat  l>as«l  ou  the  current  wage  scale, 
bul  in  tbe  case  of  material  It  Is  quite  generally  agreed  that  the  market  price  on 
a  given  date,  particularly  lor  those  materials  which  are  subject  to  couetant 
fluctuations  in  price,  cannot  always  be  used  with  Juatice.  Many  writers  in 
diacusstng  this  question  have  said  that,  In  case  ot  materials  subject  to  price 
Buctuations.  the  market  price  aa  a  given  date  should  not  be  used  but  an 
average  price  over  a  number  o[  years  past,  usually  five  or  ten,  should  be 
adopted.  There  lirunedialely  arises  a  question  as  to  the  propriety  of  uaing 
■o  average  rA  past  prices  in  a  v^uatlon  on  the  cost  of  reproduction  basis,  and 
there  Is  also  a  large  question  as  to  whether  such  an  average  actually  represents 
a  fair  present  price.  It  has  been  proposed  that  the  present  normal  price  can 
be  determined  by  plotting  tbe  prices  tor  a  number  of  jeaia  past  and  drawing  a 
smooth  curve  representing  an  average  ,ot  tbe  prices  as  shown  by  the  yearly 

In  order  to  make  a  study  ot  the  different  methods  of  determining  unit  costs 
of  materials  the  prices  on  three  metals,  copper,  tin  and  lead,  were  used.  These 
metals  were  adopted  because  prices  were  available  tor  many  years  past, 
because  n(  th^  importance  bi  telephone  and  other  electrical  properties,  and 
because  thepriceaarerepressntativeof  three  types  of  price  variation.  Copper 
prices  have  Buctuated  continuously  and  sometimes  violently  with  a  general 
tendency  toward  increase.  Tin  prices  have  also  fluctuated  considerably  and 
also  have  shown  a  marked  hicrease  in  the  past  fifteen  years.  Lead  prices 
have  In  general  been  stable  and  show  Utile  If  any  tendency  toward  change. 
Table  LVI  shows  prices  for  Lake  Ingot  copper.  The  prices  are  taken  from  a 
leaflet  called  "Copper  History"  published  by  the  Rome  Wire  Co..  Rome,  N. 
¥..  and  are  based  on  actual  prices  paid.  These  pricea  are  ailghtiy  higher  than 
prices  given  In  Iron  Age  but  the  difference  Is  usually  only  a  small 
Inclion  i^  a  cent  per  pound.  Tables  LVII  and  LVIII  are  prices  ot  tin  and 
lead  respectively  and  are  compiled  from  data  given  In  Iron  Age  hi  the  first 
Isfue  ot  the  year  for  several  years  past. 

In  making  the  study  curves  were  plotted  for  the  monthly  average  pricea  ol 
tbe  metal  (not  given  In  the  tables)  by  plotling  at  the  abscissa  representing 
cwji  month,  the  average  price  for  that  month  and  connecting  the  points  by 
itralght  lines.  In  a  simUar  way  curves  were  plotted  for  the  average  pricea 
for  5.  10  and  15  year  periods  by  plotting  at  the  close  ot  each  year  the  average" 
of  the  prices  for  the  period  preceding  and,  as  before,  coimectlog  the  points 
by  straight  lines.  A  smooth  curve  was  also  drawn  representing  a  mean 
hetween  the  higher  and  lower  changes  in  the  monthly  average  prices. 
Tlieoreilcally  there  should  be  equal  areas,  above  and  below,  between  this 
curve  and  the  monthly  average  curve  but  In  practice  It  can  be  drawn  by  eye 
*llh  sufficient  accuracy.  This  curve  has  been  designated  a  "normal  trend 
wlce"  curve. 

In  Fig.  S  are  shown  the  curves  of  copper  prices.  These  prices  extend  from 
><U.  the  earliest  period  that  prices  were  available,  to  tbe  present.  It  will 
be  Doled  that  the  prices  have  had  peaks  at  periods  of  from  seven  to  ten  years 
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tpui.thehlshest  peaks  oecuTTlDe  in  i»89.  Ism,  and  IQOT.  tallowed  by  periods 
of  comparatively  low  prices.  The  dotted  curve  teptesents  successive  fiv« 
years  averages  and  was  plotted  aa  described  in  the  precedlog  paragraph. 
This  curve  also  has  peaks  corolns  at  the  frequency  of  the  peaks  In  4he  monthly 


avenee  curve  but  displaced  so  that  the  maximum  points  In  the  five  year 
average  curve  come  later  than  those  of  the  monthly  average  ond  occm-  during 
times  ot  low  market  priixe.  For  eiomple.  at  the  cloee  of  i90e  the  market 
price  ot  copper  was  13.76  els.  per  pound,  while  the  five  years  average  waa 


a 


i 


Flo.  10.— Variation  and  trend  ot  price*  tor  tin  tor  period  1895  to  1B13,  iuoluaive. 

10.808  ctB.  per  pound.  At  the  close  of  1012  the  market  price  was  17.75  cts. 
per  pound,  while  the  Ave  year  average  was  13.01  cts.  The  high  average  for 
the  five  years  ending  with  1909  was  due  to  the  Influence  ot  the  very  high  peak 
in  the  market  In  1906-7  and  the  low  average  for  the  Ave  years  ending  in  lOIz 
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disappears.  This  discussion,  however,  has  been  predicated  on  the  use  of 
cost  of  reproduction.  In  the  case  of  tin  the  normal  trend  curve  at  tlie  close 
of  1913  shows  a  price  of  45.9  cts.  per  pound  while  the  5  year  average,  the 
highest  of  the  average  curves,  shows  39.468  cts.  per  pound.  It  is  evident  in 
this  case  that  the  use  of  any  average  price  is  unfair. 

The  variation  in  lead  prices  is  shown  in  Fig.  11.  The  monthly  average  price 
curve  shows  that  lead  prices  have  been  practically  constant  since  1899  with 
the  exception  of  the  abnormally  high  prices  in  1906-7.  This  peak  was  caused 
by  no  particular  condition  of  the  lead  market  at  that  time  but  by  the  general 
inflation  of  commercial  affairs  during  those  years.  The  average  price  curves 
have  been  drawn  as  before.    It  will  be  noted  that  the  10  or  15  year  curves 

Table  LVI. — Average  Prices  op  "Lake"  Ingot  Copper 


(Prices  compiled  from  pamphlet,  "Copper  History,' 

Company,  Rome,  N.  Y.) 

Period  ending     Av.  for  the    Av.  for 

year      5  years, 
Dec.  31 —        per  lb.      per  lb. 


published  by  Rome  Wire 


Av.  for 

10  years, 

per  lb. 


Av.  for 
15  jrrs. 
per  lb. 


1884. 

1885 

1886. 

1887. 

1888. 

1889. 

1890 

1891 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

1899. 

1900. 

1901 

1902 

1903 

1904. 

1905. 

1906 

1907. 

1908 

1909. 

1910 

1911. 

1912 

1913. 


$0 


14031 

11166 

111458 

11323 

16781 

137395 

15812 

13093 

11625 

10781 

095416 

10812 

10979 

11333 

12062 

17802 

16656 

16729 

12135 

13791 

13250 

16093 

19812 

21177 

13540 

13420 

13135 

12750 

16708 

15833 


$0. 12889 
. 12831 
.13760 
.14150 
. 14210 
. 13010 
. 12171 
.11171 
. 10748 
. 10691 
.10945 
. 12598 
. 13766 
.15116 
.16117 
. 15423 
. 14512 
. 14399 
.15014 
. 16825 
. 16776 
. 16808 
. 16217 
.14802 
. 13910 
. 14369 


$0 


12950 
12501 
. 12465 
.12449 
.12450 
.11978 
. 12384 
. 12468 
. 12832 
.12883 
.13184 
.13555 
. 14083 
.14966 
. 15951 
.16099 
.15660 
.15308 
. 14910 
.15368 
. 15572 


$0.12664 
. 12533 
.12899 
.13271 
.13325 
. 13126 
.13093 
. 13122 
.13560 
. 14197 
. 14381 
.14640 
.  14794 
. 14912 
. 15271 
. 15622 


still  show  that  influence  of  the  1907  high  prices  while  the  Ave  year  avera^^ 
has  passed  beyond  this  influence  and  has  come  very  near  to  the  normal  price. 
The  normal  trend  curve  has  not  been  drawn  to  avoid  confusion  in  the  figure 
but  if  it  were  drawn  it  would  be  a  straight  line  parallel  to  the  X-axis  at  4.4 
cts.  This  is  exactly  the  same  as  the  5  year  average  at  the  close  of  1913. 
There  have  been  periods  in  the  past,  however,  when  the  use  of  the  five  year 
average  would  have  been  incorrect.  For  instance,  at  the  close  of  1909  this 
average  was  4.926  cts.  per  pound  while  at  the  close  of  1912  it  was  4.379  cts., 
a  decrease  of  about  1 1  per  cent. 

From  the  study  of  the  curves  and  the  above  discussion  the  following  con- 
clusions are  drawn  r^arding  the  use  of  the  different  methods  of  d^ermining 
unit  costs  of  material  for  valuation  purposes: 


<IUMr>c(  tbat  the  ludgment  of  tbe  appraiser  La  brought  tnto  Us  d 
tut  K  must  be  remembered  (bM  i,  valuation  La  an  estimate  of  coat  to  reproduce 
■tltnidaiit  and  the  entire  result  Is  based  on  eogineerlus  Judgment.  Further- 
■ORB  result  anived  at  by  the  use  of  well  tralDed  judgment  after  constderlog 
•1  the  tacts  la  more  likely  to  be  fair  than  an  average  over  an  arbitrary  period 
Wbaut  tiutbei  conaideratloo. 
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The  use  of  such  a  trend  curve  as  a  basis  for  the  unit  price  of  a  material  is 
not  new  although  little  has  been  written  concerning  it.  As  far  as  the  writes 
knowledge  goes  the  most  important  appraisal  that  has  been  made  public  in 
which  this  method  was  used  is  the  appraisal  of  the  property  of  the  Chicago 
Telephone  Co.  made  by  H.  M.  Byllseby  and  Co.  and  the  Arnold  Co.  in  1911. 
It  is  true  that  Prof.  Edward  W.  Bemis,  who  was  conducting  the  investigation 
of  rates  for  the  Chicago  City  Council  in  this  case  mentions  the  price  of  16  cts. 
used  in  the  appraisal  as  a  doubtful  point  but  he  accepted  the  valuation  based 
on  this  price.    Prof.  Bemis'  comment  is  as  follows: 

Among  the  doubtful  points  in  the  appraisal  may  be  mentioned  the  price  of 
copper  used  by  the  appraisers.  Copper  was  taken  at  Id  cts.  a  pound,  as  of 
Aug.  1,  1911.  The  following  table  gives  the  average  price  for  each  of  the  19 
years,  1893-1911,  inclusive,  as  taken  from  the  Iron  Age  by  the  Chicago 
Telephone  Company.  These  prices  are  a  little  lower  than  those  given  in  the 
Telephone  Directory  of  the  telephone  industry,  1912  edition  (page  333): 

(Table  of  copper  prices  omitted.) 

The  above  table  would  indicate  that  16  cts.  was  high.  The  company  has, 
however,  established  an  elaborate  trend  curve  of  prices  of  copper  to  show  that 

Tablb  LVIII. — AvERAOB  Prices  of  Lead 

(Prices  compiled  from  Iron  Age,  first  issue  of  each  year.     Prices  are  on  carload 

lots.  New  York  market.) 


Av.  for 
Period  ending      the  year, 
Dec.  31 —        per  lb. 
1896 $0.03235 


1896. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
1903. 
1904. 
1905. 
1906. 
1907. 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 


.02971 
.03566 
.03769 
.04469 
.04390 
.04355 
.04093 
.04266 
.04360 
.04898 
.05800 
.05408 
.04224 
.04300 
.04461 
.04436 
.04476 
.04401 


Av.  for 

5  years, 

per  lb. 


$0. 03802 
.03833 
.04110 
.04215 
.04315 
.04293 
.04394 
.04683 
.04946 
.04938 
.04926 
.04839 
.04566 
.04379 
.04415 


Av.  for 

10  years, 

per  lb. 


Av.  f<Mr 
15  yrs., 
per  lb. 


$0. 03947 
.04114 
.04397 
.04581 
.04626 
.04609 
.04617 
.04625 
.04663 
.04676 


$0.04274 
.04349 
.04453 
.04512 
.04556 


16  cts.  a  pound  is  in  line  with  the  trend  or  tendency  of  prices,  at  the  time  of  the 
appraisal.  Since  the  earliest  quotations  on  hand,  beginning  in  1883,  copper 
has  averaged  less  than  16  cents  every  year  save  in  1888,  1899-1901,  inclusive, 
and  1905-1907,  inclusive.  During  those  years  only  309,433  miles  of  wire  out 
of  807,571  in  use  at  the  close  of  1911,  or  38  per  cent,  were  laid.  It  would  be 
easy  to  show  that  copper  had  not  from  the  banning  averaged  over  15  cts. 
per  pound,  and  had  not  even  averaged  that  for  any  period  of  5  or  more  jrears 
before  the  appraisal.  At  the  same  time,  If  the  test  of  value  is  not  to  be  the 
actual  cost  or  recent  costs,  but  probable  costs  of  material  and  labor  during 
the  next  five  years,  then  16  cts,  may  be  accepted  as  a  probable  price. 

In  advocating  the  use  of  the  trend  curve  as  a  basis  for  determining  the  unit 
prices  of  material  for  purposes  of  valuation,  it  can  not  be  said  that  this  method 
will  give,  in  every  case,  results  which  are  absolutely  fair  and  imiform.    Judg- 


LIX)  has  varied. 

The  wage  level  (or  waee  index)  Is  calculated  b;  averaging  the  wages  tn  dlf- 
Ictmt  tiBdes,  and  then  taking  tlie  average  wage  during  a  selected  year  aa  a 
■Uodard  (or  coraparisoQ.  The  year  1913  Is  here  talten  as  100  per  c«nt.  The 
AUrich  Senate  Report  (No.  13M>  1b  my  authority  for  wage  and  price  levels 
betameu  the  jews  1S40  and  ISBO.    Prioi  to  1840  there  was  no  pi^lished  wage 
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level,  but  from  data  eiven  in  the  Annual  Report  of  the  Masa.  Bureau  of  Statis- 
tlca  of  Labor  for  1885, 1  was  able  to  deduce  the  waee  lerels  back  to  1790. 

Tig.  12  and  Table  LIX  give  the  dally  vtge  leTel  for  almost  every  year  ror 
the  last  130  years.  Table  LIX  also  gives  Ibe  wage  level  at  five  year  intervals 
prior  to  1700. 

The  buying  power  of  tbe  average  wage  la  ascertainable  by  dividing  the 
average  wage  by  the  average  conunodlty  price,  or.  what  amounta  to  tbe  same 
thing,  by  dividing  the  wage  level  by  the  commodity  price  level.    For  this 


(The  Waje  Levels  are  from  Table  LIX  the  footnote  of  whioh  pvos  their  soume. 
The  unweighted  Prise  Levela  from  1791  to  IMO  are  Iroin  anartiole  by  B.  V, 
RoelaeiD  the  AmeriFan  Statistieal  Assoc,  Quarterly,  December,  19)7;  the  weighted 
Price  Levels  from  1840  to  180O  are  from  the  Aldrirh  Senate  Report  (No.  1394) ; 
the  weighted  Price  Levehi  From  1S90  to  ISZO  are  from  the  U.  S.  Bureau  of  Labor). 

purpose  it  would  be  desirable  to  use  a  retail  price  level,  but  since  none  Ig 
available,  tbe  wholesale  price  level  must  be  used.  Except  during  periods  of 
very  rapid  changes  in  price  levels,  retail  prices  change  in  almost  the  same 
proportion  as  wholesale  prices  change.  -  Hence,  for  the  purpose  of  this  attlde, 
no  error  occurs  from  using  the  wholesale  price  level. 

Tbe  last  column  of  Table  LX  gives  the  relative  "real"  wage,  or  the  Inlying 
power  of  the  average  wage  in  America  for  the  last  130  years.  It  is  deduced 
by  dividing  (be  numbers  In  the  second  column  by  the  corresponding  numbeis 
In  the  third  column.    The  buying  power  of  the  averase  wage  being  100  for 


Note:  Tbc  Buyln«  Power  of  the  Wigs  ii  deduced  by  diriding  the  Wsce  Lanl 
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the  year  1913,  it  was  50  for  the  year  1860;  and  20  for  the  year  1800.    In  other 
words,  within  113  years  the  "real"  wage  of  the  average  worker  in  America  ^ 
had  increased  fourfold,  until  it  was  fivefold  as  great  at  the  end  of  that  period 
as  at  the  beginningl    The  same  astonishing  increase  occurred  in   Great 
Britain,  as  will  be  shown  later. 

In  my  price  level  article,  I  deduced  the  per  capHa  efficiency  of  productive- 
ness in  America  by  5-year  periods,  from  1859  to  1919;  and  it  is  there  shown 
that  this  efficiency  doubled  between  the  years  1860  and  1910.  which  is  in  almost 
precise  accord  with  the  results  shown  in  Table  LX,  although  they  were  arrived 
at  in  an  entir^y  different  way. 

Table  LXI  gives  the  changes  in  wages  and  in  commodity  prices  in  England, 
and  its  footnote  gives  the  sources  of  the  data.  In  connection  it  is  important 
to  observe  that  the  weight  of  the  pound  sterling  changed  many  times  between 
the  thirteenth  and  the  nineteenth  centuries,  and  that,  therefore  it  is  necessary 
to  multiply  English  wages  and  prices  prior  to  1816  by  factors  to  render  them 
comparable  with  modem  wages  and  prices.  Accordingly,  Table  LXII  has 
been  prepared  for  this  purpose.  As  silver  was  the  common  currency  prior  to 
the  nineteenth  century  I  have  used  the  factors  for  silver  Gast  column  of  Table 
LXIIj  in  equating  ancient  English  wages  and  prices.  Prior  to  1782  there  are 
no  British  commodity  price  level  or  index  data,  but  I  have  used  average  prices 
of  wheat  for  periods  of  three  years  as  the  basis  of  price  levels. 

Table  LXI  shows  that  for  five  centuries  the  buying  power  of  English  wages 
was  practically  stationary.  Then  came  a  marvelous  increase,  beginnincr 
about  the  year  1800.  In  114  years  the  buying  power  of  the  average  wag;e 
rose  from  about  36  to  160. 

Between  the  years  1600  and  1800  pure  science  made  enormous  strides. 
Then  came  its  first  fruits  with  the  invention  of  an  economic  steam  engine  and 
scores  of  other  labornsaving  devicesi  The  age  of  pure  science  dawned  about 
the  year  1600.  The  age  of  applied  science  (that  is,  engineering)  dawned  about 
the  year  1800.  What  engineering  has  accomplished  in  a  little  more  than  a 
century  is  truly  amazing.  Yet  the  public  is  so  ignorant  of  both  the  degree 
of  the  accomplishment  and  the  primary  cause  of  it  that  not  one  man  in  ten  can 
name  either  one. 

It  was  not  labor  unions  that  raised  average  money  wages,  for  that  occurred 
as  a  result  of  the  increase  in  per  capita  money  as  will  be  shown  later.  Nor  did 
labor  unions  raise  "real"  wages,  for  that  was  the  result  of  applied  science. 
Labor  unions  reached  the  apex  of  their  strength  in  Britain  two  centuries  ago. 
but  without  the  slightest  effect  on  the  buying  power  of  English  wages.  Skilled 
labor  in  England  secured  an  average  wage  that  was  about  50  per  cent  greater 
than  that  of  common  labor  as  far  back  as  the  year  1400,  and  it  has  never  been 
able  to  increase  that  ratio.  In  fact,  during  the  recent  war,  skilled  labor  fell 
behind  unskilled  labor  in  the  race.  It  is  profoundly  significant  that  the  most 
completely  organized  labor  in  England  has  been  unable  during  five  centuries 
to  increase  its  average  wage  more  rapidly  than  that  of  unorganized  or  common 
labor. 

Fortunately  for  Britain,  its  free  trade  policy  during  the  last  century  has 
prevented  any  extensive  curtailment  of  output  by  trades  unions  for  any  exten- 
sive period  of  time.  America  has  always  been  almost  free  from  such  curtail- 
ment. Hence  these  two  nations  have  progressed  almost  at  the  same  rate  in 
the  increased  buying  power  of  the  average  wag6. 

Since  economists  are  agreed  that  about  three-fourths  of  all  income  goes  to 
workers  and  one-fourth  to  capital,  it  is  evident  that  future  increases  in  *'  real*' 
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wages  are  infinitely  more  dependent  upon  increased  productivity  Uiaa  upon 
securing  a  greater  share  of  the  total  product.  There  is  no  reason  why  "real** 
wages  can  not  be  increased  as  greatly  during  the  next  century  as  during  the 
past  century.  If  this  is  accomplished  the  average  common  laborer  in  the  year 
2000  will  have  "real"  wages  as  great  as  those  of  the  average  $6,000-a-year- 
man  of  today. 

Up  to  1824  the  working  day  in  America  was  from  "sun  up  to  sun  down." 
By  1840  it  had  been  reduced  to  an  average  of  11.4  hours,  and  by  1890  to  10 
hours.  It  is  now  probably  about  9  hours,  possibly  8.5  hours.  Since  Table 
LX  gives  only  the  increase  in  the  buying  power  of  average  daily  wages,  at 
least  40  per  cent  should  be  added  to  the  bujring  power  in  1913  in  comparing 
it  with  that  in  1800,  if  both  are  to  be  compared  on  the  basis  of  wages  per  hour. 
When  this  is  done,  we  see  that  the  buying  power  of  an  hour's  wages  in  1913 
was  fully  seven  times  that  in  1800. 

The  4iUhor*8  Wage  Level  Formula. — The  average  wage  paid  in  any  country 
during  any  given  year  would  be  ascertainable  by  dividing  the  total  money 
spent  for  wages  by  the  total  number  of  workers.     This  may  be  expressed  thus: 

Money  Spent  for  Wager 

Average  wage  »  — - — . -_.    . 

Number  of  Workers 

But  the  money  spent  for  wages  is  a  very  constant  percentage  of  the  total 
expenditures,  as  a  study  of  the  census  statistics  indicates.  The  total  annual 
expenditures  are  equal  to  the  average  number  of  dollars  of  currency  multi- 
plied by  the  number  of  times  the  money  is  "turned  over"  during  the  year. 
And  the  number  of  workers  is  a  very  constant  percentage  of  the  population;  so 
if  we  indicate  this  percentage  by  the  letter  k,  and  the  papulation  by  the  letter 
P,  the  number  of  workers  is  k  X  P.  Similarly,  if  we  indicate  the  wage  per- 
centage  of  the  total  expenditures  by  c  the  number  of  dollars  of  money  in 
circulation  by  M,  and  the  velocity  of  circulation  by  V,  the  total  money  spent 
for  wages  will  be  c  X  M  X  V.  Hence  the  above  given  formula  for  the 
average  wage  becomes: 

c  X  M  X  V 
Average  wage  =  — - — "—- 

•K  X  -t 

Since  it  is  difficult  to  ascertain  the  exact  value  of  c  and,  since  we  are  mainly- 
concerned  in  ascertaining  a  "relative  wage,"  or  "wage  level"  (W),  we  can 
pass  at  once  to  the  desired  wage  level  formula  by  substituting  another  constant 
(K)  for  the  quotient  of  the  constant  c  divided  by  the  constant  k.  We  then 
have: 

M  X  V 
Wage  level  (W)  -  K  x  — — — 

This  is  the  desired  formula  for  wage  levels,  and  an  application  of  it  to  actual 
daily  wage  levels  discloses  that  the  constant  K  has  a  value  of  H  when  the  wage 
level  is  taken  at  100  for  the  year  1913.     Hence  we  have: 

«r       w       M  X  V 
W-HX— J— 

This  gives  the  annual  wage  level,  but  since  the  number  of  days  worked 
annually  is  normally  about  constant,  it  also  gives  approximately  the  daily 
wage  level. 
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Aside  from  the  reUtively  minor  fluctuations  in  the  velocity  of  eireulation 
of  the  currency,  the  general  wage  level  is  proportional  to  the  per  capita  cur- 
rency in  circulation. 

Having  this  information  it  becomes  possible  to  forecast  the  future  trend  at 
daily  wage  levels,  or  wage  indexes.  Per  capita  gold  is  now  54  per  cent  above 
the  1913  level,  and  per  capita  currency  of  all  kinds,  including  gold,  Is  60  per 
cent  above  the  1913  level.  If  we  hold  this  increase  in  currency,  the  new  wa^ 
level  will  be  60  per  cent  above  the  prewar  level.  The  only  question  then  is  as 
to  the  probable  future  trend  of  our  per  capita  currency. 

For  the  past  two  years  our  per  capita  currency  has  been  nearly  constant. 
The  decrease  in  paper  money  (Federal  Reserve  notes)  has  been  offset  by  the 


Table  LXIII. 


Year 


-Wage    Levels,   Actual   and   Calculated  bt   a 

FOBMULA 


OOBRBCT 


-Wage  level- 


Actual    Calculated 


1890. 
1895. 
1900. 
1905. 


76 
74 
76 
86 


74 
67 
78 
85 


Year 

1910. 
1915. 
1920. 


^Wage  level 

Actual   Calculated 


94 
103 
200 


94 

97 

204 


Note:  The  formula  used  was:  W  «i  H  X  M/P  X  V,  or  the  wage  level  is  one- 
third  the  per  capita  money  multiplied  by  its  velocity  of  circulation.  The  velocity 
of  circulation  i8«4he  ratio  of  adjusted  annual  bank  clearings  to  average  bank 
deposits  (individual),  the  adjustment  being  nuide  as  explained  in  the  uticle 
on  Past  and  Future  Price  Levels  at  the  beginning  of  this  chapter. 

Table  LXIV. — Wage  Levels,  Actual  and  Calculated  by  an  Appboximatk 

Formula 


Wage  level 

Wage  level 

Year 

Actual 

Calculated 

Year 

Actual 

Calculated 

1840 

.....   37 

36 

1885 

71 

77 

1850 

41 

40 

1890 

76 

76 

1855 

44 

51 

1895 

74 

77 

1860  

45 

46 

1900 

76 

89 

1865  

68 

68 

1905 

86 

103 

1870 

76 

58 

1910 

94 

114 

1875 

72 

57 

1915 

103 

120 

1880 

65 

65 

1920 

220 

191 

Note:  The  formula  used  was:  W  =»  ^9^  X  M/P,  or  the  wage  level  is  ten-thirda 
of  the  per  capita  money.  This  formula  is  only  approximately  correct,  for  it 
assumes  a  constant  velocity  of  circulation  of  money.  See  Table  LXIII  for  an 
application  of  the  more  precise  wage  level  formula. 

inflow  of  gold.  The  great  nations  of  Europe  have  issued  huge  quantities  of 
paper  money,  which  would  normally  drive  out  much  of  their  gold  to  other 
nations,  even  were  they  not  debtors  to  those  other  nations  to  begin  with. 
But  the  victorious  allied  war  nations  are  debtors  to  America  to  an  enormous 
extent — about  $9,000,000,000.  The  payment  of  the  interest  on  this  huge 
sum  would  alone  increase  our  per  capita  currency  6  per  cent  annually.  Al- 
though our  per  capita  gold  is  already  54  per  cent  above  the  prewar  level,  it  is 
almost  certain  to  rise  still  more  in  the  next  few  years,  not  merely  because  of 
interest  payments  from  Europe,  but  because  of  the  economic  necessity  of 
restoring  the  exchange  equilibrium. 

Every  great  per  capita  increase  of  currency  in  any  natioh  results  in  a  flow  of 
its  gold  to  countries  whose  per  capita  increase  has  not  been  so  great.  Duiing^ 
and  following  our  Civil  War,  most  of  our  gold  flowed  away  to  Europe.  The 
same  phenomena  is  now  occurring  in  a  reverse  direction,  but  for  the  sajoe 
reason. 
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increased  its  paper  money  so  greatly.  This  is  a  disturbing  factor  that  America 
has  to  reck(m  with  for  years  to  come,  and  it  may  result  in  a  marked  increase 
in  our  per  capita  currency,  hence  in  our  money  wages  within  a  few  years. 

Tablb  LXVII. — AvBBAQE  Annual  Wages  and  Salaribs  in  MANUPAcruRiNa 

Industbieus 

Salary 
Salary  and 

Salary  Wage  and  wage 

Salary         level  Wage  level  wage  level 


Year 

1849. 
1859. 
1869. 
1879. 
1889. 
1899. 
1904. 
1909. 
1914. 
1919* 


850 
1.046 
1,103 
1.188 
1.380 
1.941* 


•  «  • 

•  •  • 

%       248 

37 

•  •  • 

*  •  • 

289 

43 

•  •  • 

•  •  • 

378 

56 

«  •  • 

*  •  • 

347 

52 

64 

%       444 

76 

484 

72 

78 

426 

74 

469 

70 

82 

477 

82 

532 

79 

89 

518 

89 

590 

88 

100 

580 

100 

671 

100 

140 

1.074* 

185 

1.178* 

176 

*  For  only  15  states. 

Note:  Prior  to  1889  the  U.  S.  Census  reports  do  not  give  wages  and  salaries 
separately.  The  comi>en8ation  is  supposed  to  be  given  in  currency  throughout 
the  entire  period;  but  judging  from  tne  wage  levels  for  1869  and  1879,  it  would 
appear  that  many  manufacturers  reported  wages  paid  in  gold,  which  was  then  at 
a  premium.  Excepting  for  those  two  census  years  the  wage  levels  in  this  table 
agree  very  well  with  those  in  Tables  LIX  and  LXVIII.  The  census  report  for 
1919  is  not  yet  completed,  so  the  data  in  this  table  for  1919  are  merely  indicative 
in  a  general  way,  as  they  apply  only  to  15  states. 

Table  LXVIII. — Hourly  Wage  Index.     Ybab  1913  -  100% 

Wage 

index 

73 

74 

77 

80 

80 

82 

85 

89 

89 

90 

93 

95 

97 

100 

102 

103 

m 

128 

162 

»184 

«234 

^  This  index  number  applies  to  the  spring  of  1919.  Wage  rates  advanced 
diuing  the  year. 

2  This  index  number  applies  to  the  summer  of  1920,  and  probably  represents 
the  wage  peak  of  the  year. 

Note:  Wages  are  in  currency  throughout  the  entire  period.  This  wage  level 
table  was  compiled  by  the  U.  S.  Biu-eau  of  Labor. 

One  of  the  most  important  conclusions  to  be  drawn  from  the  wage  lev^ 
formula  is  this:  In  the  past  30  years  per  capita  bank  deposits  have  increased 
twice  as  rapidly  as  per  capita  money.  Since  bank  deposits  are  nearly  6  times 
as  great  as  currency,  it  would  follow  that  if  inflation  of  bank  deposits  (or 
'-'<7edit  money")  acts  precisely  as  inflation  of  currency  acts,  then  wa^^es 


Wage 

/ 

Wage 

Wage 

Year 

index 

Year 

index 

Year 

index 

Year 

1840... 

33 

I860.. 

39 

1880... 

...60 

1900 

1841... 

34 

1861.. 

40 

1881... 

...62 

1901 

1842... 

33 

1862.. 

41 

1882... 

...63 

1902 

1843... 

33 

1863.. 

.  ...  44 

•  1883... 

...64 

1903 

1844... 

32 

1864.. 

. ...  50 

1884... 

...64 

1904 

1845... 

33 

1865.. 

. ...  58 

1885... 

...  64 

1905 

1846... 

34 

1866.. 

. ...  61 

1886. . . 

...  64 

1906  

1847... 

34 

1867.. 

. ...  63 

1887... 

...67 

1907 

1848... 

35 

1868. . 

65 

1888... 

...67 

1908 

1849... 

36 

1869.. 

. ...  66 

1889... 

...68 

1909 

1850... 

35 

1870. . 

.  . .  .  .67 

1890. . . 

...69 

1910 

1851... 

34 

1871.. 

. ...  68 

1891... 

...69 

1911 

1852... 

35 

1872.. 

. ...  69 

1892... 

...69 

1912 

1853 . . . 

35 

1873.. 

. ...  69 

1893... 

...69 

1913 

1854... 

37 

1874.. 

. ...  67 

1894... 

...67 

1914 

1855... 

38 

1875.. 

. ...  67 

1895. . . 

...68 

1915 

1856... 

39 

1876.. 

. ...  64 

1896. . . 

...69 

1916 

1857... 

40 

1877.. 

. ...  61 

1897... 

...69 

1917 

1858... 

39 

1878.. 

. ...  60 

1898. . . 

...69 

1918 

1859... 

...%...  39 

1879.. 

. ...  59 

1899... 

...70 

1919» 

1920« 

PRICES  AND  WAGES 
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should  ha^e  risen  nearly  twice  as  much  as  they  actually  did  rtee  In  ^e  last  30 
years.  The  failure  of  wage  levels  to  follow  increases  in  per  capita  bank 
deposits,  therefore  demolishes  the  theory  that  "credit  currency"  (bank 
deposits)  affects  wage  levels  in  the  same  manner  that  real  currency  affects 
wage  levels.  I  had  already  shown  the  fallacy  of  this  theory  in  my  article  on 
price  levels;  but  it  is  now  shown  again  from  this  wage  level  study.  It  can  no 
longer  be  successfully  contended  that  changes  in  per  capita  currency  are 
relativ^y  immaterial  so  long  as  changes  in  the  volume  of  credit  occur.  The 
truth  is  that  "credit  currency"  is  of  comparatively  minor  Importance  as  a 
factor  in  the  changes  in  wage  and  price  levels,  its  only  effect  being  the  relatively 
small  fluctuations  that  it  causes  in  the  velocity  of  money  circulation. 

Tabub  LXIX. — Indisces  of  Union  Minimttm  Wage  Rates  and  Hours  of 

Labor.     Year  1913  -100% 

T — Index  of ; 

Rates  of 

Rates  of  Full-time  wages 

wages  hours  per  week, 

Year                                                   per  hour  per  week  full-time 

1907 90  103  92 

1908 •     91  102  93 

1909 92  102  93 

1910 94  101  96 

1911 96  101  96 

1912 98  100  98 

1913 100  100  100 

1914 102  100  102 

1915. 103  99  102 

1916 107  99  106 

1917 114  98  112 

1918 133  97  130 

1919 155  95  148 

1920 4           199  94  189 

Note:  Based  on  union  minimum  wage  rates  as  of  May  1  of  each  year,  compiled 
by  U.  S.  Bureau  of  Labor. 
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Wages  in  Building  Trades. — ^W.  N.  Patten,  in  Stone  and  Webster  Journal 
(reprinted  in  Engineering.and  Contracting.  May  25. 1921)  gives  thefoUowingr: 

Fig.  14  shows  increase  in  the  average  rates  of  wages  for  twenty-two  repre- 
sentative trades  in  the  construction  industry  for  the  period  between  July, 
1913,  and  Jan.  1.  1921,  for  the  cities  of  San  Francisco,  Qaiveston.  New  York. 
Pittsburgh,  Boston  and  Cincinnati. 


Tablb  LXX. — AvBRAGB  BuiLOiNo  Waobs  Pbb  Hour 
(According  to  U.  S.  Bureau  of  Labor.) 

Year                          1913  1914  1915  1916  1917  1918  1919     1920 

BuUding  trades 

Bricldayers 686.699.706.713.734  .789  .878  1.2(X) 

Bricklayers — sewer,   t  u  n  n  el. 

and  caisson 960  .960  .960  .960  .989  1.065  1.086  1.459 

Building  laborers 309.312.312.327.361  .423  .482     .698 

Carpenters 530.541.546.562.610  .668  .774  1.034 

Carpenters,   parquetry-floor 

layers 568.603.608.614.659  .739  .847  1.245 

Cement  finishers 552.557.563.568.602  .662  .745  1.010 

Cement  finishers' helpers 360.364.364.367.382  .447  .508     .814 

Cement  finishers' laborers 418  .418  .418  .431  .460  .535  .606     .907 

Engineers,  portable  and  hoist- 
ing  586  .  592  . 598  . 604  . 633  .727  . 797  1.082 

Hod  carriers 356.359.363.373.416  .487  .569     .825 

Inside  wiremen 547.564.575.586.624  .695  .799  1.051 

Inside  wiremen,  fixture  liangers  .491  .521  .521  .540  .580  .634  .707     .953 

Lathers 485.494.499.514.533  .577  .640     .916 

Marble  setters 665  .  672  .  678  .  678  .  685  718  .798  1.051 

Marble  setters'  helpers 404  .  408  .  408  .  408  .  432  .453  .517     .873 

Painters 505.520.526.571.591  .652  .763  1.041 

Painters,  fresco 544  .  566  .  566  .  636  .  642  .664  .  778  1. 115 

Painters,  sign 629.629.629.648.674  .736  .888  1.196 

Phisterers 674.680.680.707     728  .761  883  1.152 

Plasterers' laborers 409.417.417.429.458  .528  .601     .871 

Plumbers  and  gas  fitters 619  .  625  *.  631  .  637  .  662  .  724  .  823  1. 064 

Sheet-metal  workers 512  .  532  .  538  .  548  .  573  .671  .  737     .  988 

Steam  fitters 598.610.622.634.658  .723  .807  1.070 

Steam  fitters' helpers 312  .319  .328  .331  .353  .409.    .490     .709 

Stonemasons 610.628.634.646.671  .731  .823  1.146 

Structural-iron  workers 617  .629  .629  .641  .678  .777  .882  1. 104 

Structural-iron  workers,  finish- 
ers  594.606.606.618.647  .730  .814  1.069 

Structural-iron  workers,  finish- 
ers' helpers 405  .  409  .  409  .  409  .  445  .498  .599     .820 

Tile  layers 652  . 6.58  .  658  .  671  .  704  .723  .  788  1. 062 

Tile  layers' helpers 359.362.373.387.398  .409  .498     .814 

Metal  Trades 

Blacksmiths 426.435.435.452.486  .694  .758     .899 

Bkfccksmiths'  helpers 276  .279  .287  .301  .337  .  492  .  550     .663 

Machinists 391.399.399.454.497  .654  .724     .818 

Machinists' helpers. 274.274.274.293.323  .411  .460     .575 

Note:  In  the  building  trades  the  average  day  was  8  hrs.,  but  after  1916  there 
was  an  almost  universal  adherence  to  a  44-hour  week. 


Wages  of  Common  Labor  on  Constmetion  Work. — ^The  wages  shown  In 
Table  LXXI  are  approximately  the  same  as  those  paid  common  labor  on 
construction  work.  Table  LXXII  shows  that  the  average  wage  varied 
greatly  in  different  sections  of  the  U.  S.  These  data  are  from  the  Monthly 
Crop  Report,  published  by  the  U.  S.  Dept.  of  Agriculture. 


PRICES  AND  WAGES 


125 


Tablb  LXXI. — Aybbagb.  Day  Waobb  of  Farm  Labor  in  U.  S. 
(Without  board  and  during  harvest  time) 


Year 

Wage 

Year 

Wage 

Year 

Wage 

Year 

Wage 

1866 

2.20 

1888 

1.31 

1898 

1.30 

1913 

1.94 

1869 

2.20 

1890 

1.30 

1899 

1.37 

1914 

1.91 

1875 

1.70 

1892 

1.30 

1902 

1.53 

1915 

1.92 

1879 

1.30 

1893 

1.24 

1910 

1.82 

1916 

2.07 

1882 

1.48 

1894 

1.13 

1911 

1.85 

1917 

2.54 

1885 

1.40 

1895 

1.14 

1912 

1.87 

1918 

3.22 

•  •  •  • 

•  •  •  • 

•  ■  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

1919 

3.83 

•  »  •  • 

■  •  •  • 

•  ■  •  • 

a  •  •  ■ 

•  •  •  • 

•  •  «  • 

1920 

4.36 

Note:  Theee  wages  are  for  farm  labor  hired  at  harvest  time;  but  at  other  times 
oi  the  year  the  wages  were  less,  being  about  33  %  less  in  1866, 25  %  less  in  1914, 
and  20%  less  in  1919. 


Table  LXXII. — Day  Waobs  or  Farm  Labor 
(Without  board  and  during  harvest  time.) 


State                   1910  1919 

North  Carolina 1. 28  3. 01 

North  Dakota 3.03  5.85 

Ohio 2.07  4.22 

Oklahoma 1.97  4.80 

Oregon 2.60  4.85 

Pennsylvania 1. 96  3. 71 

Rhode  Island 2. 05  3.  50 

South  Carolina 1. 12  2. 40 

South  Dakota 2. 95  6. 00 

Tennessee 1. 44  2.  70 

Texas 1.57  3.68 

Utah 2.20  4.10 

Vermont 2. 25  3. 82 

Virginia 1. 44  3. 10 


Washington 2. 78 

West  Virginia 1. 65 

Wisconsin 2.  20 

Wyoming 2.  50 


5.40 
3.40 
4.02 
4.70 


State  1910     1919 

Alabama 1.26  2.30 

Arisona 2.24  3.65 

Arkansas 1.55  3.10 

California 2.48  4.69 

Colorado 2.47  4.60 

Connecticut 2.00  3.75 

Delaware 1.55  4.00 

Florida 1.46  2.30 

GeOTgia 1.23  2.30 

Idaho 2.80  4.95 

lUinois 2.30  4.63 

Indiana 2.07  4.30 

Iowa 2.51  5.20 

Kansas 2.57  6.05 

Kentucky 1. 71  3. 35 

Louisiana 1.25  2.56 

Maine.. 1.95  3.85 

Marytahd 1.64  3.70 

Massachusetts 1.92  3.75 

Michigan 2.10  4.30 

Minnesota 2.65  5.15 

Mississippi 1.-22  2.30 

MisBOun 1.93  4.35 

Montana 2.80  4.95 

Nebraska 2.60  6.25 

Nevada 2.38  4.45 

New  Hampshire 1. 84  3. 80 

New  Jersey 2.15  4.10 

New  Mexico 1.88  3.20 

New  York 2.22  4.02 

Note:  North  Atlantic  division:  Maine,  New  Hampshire,  Vermont,  Massa- 
ehoseita,  Rhode  Island,  Connecticut,  New  York,  New  Jersey,  Pennsylvania; 
Soath  Atlantic  (Uvision;  Delaware,  Marjrhtnd,  Virginia,  West  Virginia,  North 
Csrohna,  South  Carolina,  Georgia,  Florida;  North  Central  division  (east  of 
ytmamiym  BXver):  Ohio,  Indiana,  Illinois,  Michigan,  Wisconsin;  North 
Central  division  (West  of  Mississippi  River) :  Minnesota,  Iowa,  Missouri,  North 
Dakota.  South  Dakota,  Nebraska,  Kansas;  South  Central  division:  Kentucky, 
Tennessee,  Alabama,  Miasisnppi,  Louisiana,  Texas,  Oklahoma,  Arkansas;  Far 
Western  division:  Montana,  Wyoming,  Colcnrado,  New  Mexico,  Arisona,  Utah, 
Nevada,  Idaho,  Washington,  Or^on,  and  California. 


Average 1. 82     3. 83 


Oeographic  Divinon 

North  Atlantic 2. 08  3. 86 

South  Atlantic 1.  33  2. 82 

North  Central  East 2. 16  4.  32 

North  Central  West 2.43  5.33 

South  Central 1.47  3.14 

Far  Western 2.  52  4. 67 
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These  wages  4re  approximately  the  same  as  those  paid  for  common  labor 
on  construction  work.  In  the  South  Atlantic  and  South  Central  Divisions 
the  laborers  are  mostly  negroes. 

Rate  of  Wages  per  Hour  for  Common  Labor  on  Highway  Work»  1912  to 
1919. — Engineering  and  Contracting,  March  10,  1019,  reprints  a  committee 
report  to  the  1919  convention  of  the  American  Road  Builder's  Association,  in 
regard  to  labor  conditions  as  regards  highway  work,  from  which  the  f ollowincr 
data  are  abstracted. 

A  questionnaire  was  sent  out  to  all  state  highway  departments,  to  the  city- 
engineer  of  all  cities  having  a  population  in  excess  of  100,000  and  to  many 
of  the  large  road-building  contractors  throughout  the  country .  Replies  to  this 
questionnaire  were  received  from  39  of  the  48  state  highway  departments,  from 
64  of  the  82  cities  to  which  it  was  sent,  and  from  24  road  contractors. 

Summary  of  Replies  from  State  Highway  Departments. — Thirty-nine 
state  highway  departments  made  r^)lies  to  the  questionnaire.  As  some  of  the 
departments  are  only  2  years  old  their  replies  w«re  not  used  in  figuring  average 
rates  of  wages. 

In  1912  the  average  rate  per  hour  as  reported  by  27  states  was  $  188.  while 
in  the  same  year  Georgia  was  paying  $0.09  and  Nevada  was  paying  $.40 
Only  six  states  were  pasring  $.25  or  more  and  10  states  were  paying  $.16  or 
less — the  most  of  them  less.  In  1913  the  average  as  reported  by  28  states 
was  $.20.  In  1914  the  same  states  report  an  average  of  $.206,  in  1915  of 
$.225.  in  1916  of  $.2585,  hi  1917  of  $.303  and  hi  1918  of  $.39.  The  highest 
rate  for  1918  is  reported  by  Oregon  and  is  $.58.  The  lowest  is  by  South 
Carolina  and  is  $.18  per  hour. 

Summaries  of  Replies  from  Cities. — Fifty-four  out  of  82  cities  replied  to  the 
questionnaire.    Forty-six  furnished  information  as  to  wages  for  all  years  from 

1912  to  1918.  Taking  the  year  1912,  Spokane.  Wash.,  reports  $.37H  per 
hour,  which  was  the  highest,  and  Birmingham,  Ala.,  with  $.14  was  the  lowest, 
while  the  average  rate  for  the  year  was  $.234.  In  1913  these  46  cities  report 
an  average  wage  of  $.238  per  hour.  In  1914  the  average  was  $.245;  in  1915, 
$.255;  m  1916,  $.276;  m  1917.  $.312;  in  1918,  $.384.  Baston,  Mass.,  reported 
the  highest  rate  for  1918.  It  is  $.52^  per  hour.  San  Antonio,  Tex.,  had  the 
lowest  for  the  year,  $.25,  while  Atlanta,  Qa.,  and  New  Haven»  Conn.,  both 
report  a  wage  of  $.28 

Summaries  of  Replies  from  Contractors. — Twenty-four  contracting  firms, 
well  distributed  throughout  the  country,  make  replies,  which  may  be  summar- 
ized as  follows:  The  average  rate  of  wages  they  paid  in  1912  was  $.192;  in 

1913  it  was  $.20;  hi  1914,  $.21;  hi  1915,  $.23;  hi  1916,  $.256;  hi  1917,  $.315; in 
1918,  $.397. 

Wages  of  Skilled  and  Common  Labor  Paid  by  Railroads  1896-1917. — 
Tables  LXXIII  and  LXXIV  have  been  prepared  from  the  records  of  daily 
compensation  given  in  the  annual  Reports  of  the  Interstate  Commerce  Com- 
mission. These  records  start  with  the  year  ^ded  June  30,  1892.  The 
United  States  has  been  divided  into  territorial  districts  and  all  railroads 
(excepting  terminal  and  switching  companies)  within  each  district  are 
Included  i  * 

From  1892-1910  inclusive  the  country  was  divided  into  10  districts  as 
shown  in  Fig.  15. 

From  July  1,  1910  the  country  has  been  divided  into  three  districts  and  the 
roads  classified  as  Class  I,  II  or  III  depending  upon  the  amount  oi  gross 
earnings. 
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The  "Eastern  District"  is  made  up  of  the  New  England  States  together 
with  New  York,  Pennsylvania.  New  Jersey,  Delaware.  Maryland,  the  North- 
em  part  of  West  Virginia.  Ohio.  Indiana,  Michigan  with  the  exception  of  the 
northern  peninsula  and  that  part  of  Illinois  east  of  a  line  from  Chicago  to 
Peoria  and  to  East  St.  Louis. 

The  "Southern  District"  consists  of  Kentucky.  West  Virginia.  Virginia. 
Tennessee.  North  Carolina.  South  Carolina.  Georgia.  Florida.  Missiseippi, 
that  part  of  Louisiana  east  of  the  Mississippi  River  and  Alabama. 

The  "  Western  District "  consists  of  all  states  west  of  the  Mississippi  River 
and  the  western  boundary  line  of  the  Eastern  District,  referred  to  above 
and  running  from  East  St.  Louis  to  Peoria  to  Chicago. 

Commencing  July  1,  1914  the  compensation  is  given  as  the  average  hourly 
rate,  instead  of  the  daily  rate  as  previous  to  that  date.  The  employees 
of  the  roads  were  also  classified  more  extensively. 

In  1016  reports  were  changed  from  the  fiscal  year  ending  June  30th  to  a 
fiscal  year  coinciding  with  the  calendar  year. 

In  1917  only  compensation  of  Class  I  carriers  is  given  (hourly  compensation 
report.)  However,  Class  I  employees  aggregated  approximately  94.5  per 
cent  of  the  total  in  the  United  States  and  therefore  Table  LXXIII  has  been 
prepared,  giving  compensation  records  for  this  class  only. 

The  following  statement,  given  in  the  ICC  Statistics  Report  for  1910 
regarding  average  daily  compensation  of  employees,  should  be  noted  in  using 
the  tables. 

"The  statements  pertaining  to  average  daily  compensation  are  not  alto- 
gether satisfactory.  The  compensation  of  employees  on  account  of  overtime 
work,  for  example,  is  not  reflected  in  these  averages,  although  the  fact  that 
overtime  work  is  paid  for  at  a  higher  rate  than  for  the  hours  covered  by  the 
customary  day  does  affect  the  average  daily  c<mipensation  here  reported. 
It  is  not  poesible  to  change  the  basis  of  compiling  and  reporting  compensation 
for  railway  employees  so  as  to  arrive  at  the  average  amoimt  earned  each  day 
by  the  average  employee  of  each  class  without  either  changing  the  rules 
according  to  which  certain  classes  of  railway  employees  are  paid  or  formulating 
a  set  of  arbitrary  rules  for  converting  compensation  into  a  daily  wage.  Much 
study  has  been  given  to  this  question,  but  thus  far  without  arriving  at  any 
satisfactory  solution.  Meanwhile  the  tables  are  continued,  and,  if  properly 
understood  will  serve  a  useful  purpose  as  a  basis  of  comparison  from  irear  to 
year." 


Tablb  LXXIII. — AvxRAGE  Compensation  psr  Hovr  in  Dollabs 

(Class  I  Roods) 

All 

1917  (calendar)                                diet.  East  South  West 

Machiniats 0.462  0.429  0.497  0.498 

Blacksmiths 446  .431  .468  .  458 

Masons 327  .333  .268  .354 

Str.  iron  workers 357  .  339  .  313  .  425 

Carpenters 322  .330  .301  .324 

Painters 347  .352  .343  .344 

Section  foremen 2.  692*  2.  796*     2. 524*  2. 476" 

Trackmen 192  .212  .151  .  193 

Other  unskilled  labor 224  .240  .182  .  228 

Foremen,  const,  gangs 309  .  319  .  300  .  299 

*  liemi  marked  *  are  dollars  per  day. 
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Rental  Prices  for  Constnictioii  Equipment— A  schedule,  evolved  from 
the  records  and  experiences  of  contractors,  manufacturers  and  rebuild^s  of 
equipment,  and  designed  to  furnish  contractors  with  a  practical  means  for 
estimating  equipment  expense  and  determining  adequate  rental  charges  has 
been  approved  by  the  Executive  Board  of  the  Associated  General  Contractors. 
The  schedule,  which  was  prepared  by  the  Research  Division  under  the  direc- 
tion of  the  Committee  of  Methods  of  the  Association,  is  given  in  the  Nov. 
Bulletin  of  the  Associated  General  Contractors.  The  schedule  and  discussion 
of  its  application  as  abstracted  in  Engineering  and  contracting,  Dec.  15, 1920, 
follow. 

To  use  the  schedule  with  safety,  it  is  essential  to  understand  how  the 
amounts  were  obtained,  how  they  are  to  be  applied,  and  how  they  are  limited 
for  determining  rental  charges.  Knowing  these  things,  no  great  difficulty 
should  be  found  in  establishing  the  charges  within  the  bounds  of  praotical 
accuracy. 

For  the  reason  that  arithmetical  averages  as  obtained  from  available  records, 
gave  few  rational  values  for  depreciation  and  repairs,  such  averages  were 
given  less  weight  in  establishing  the  tabular  amounts  than  the  practical 
experience  of  contractors.  In  fact,  the  strongest  evidence  that  these  amounts 
are  reasonably  safe  and  accurate  lies  in  the  endorsement  given  them  by 
experienced  general  contractors. 

_A  tentative  draft  of  the  schedule  was  submitted  to  members  in  the  Weekly 
Bulletin  of  July  81.  They  were  asked  to  criticise  the  amounts  and  offer 
suggestions.  In  accordance  with  the  criticism  received,  which  evinced 
considerable  study  upon  the  subject,  some  of  the  tabular  amounts  were 
changed.  As  it  now  stands,  th^  schedule  represents  the  consensus  of  opinion 
of  many  contractors,  and  with  the  proper  understanding  of  what  the  percent- 
age amounts  mean,  it  should  offer  a  safe  means  of  estimating  rental  charges. 

What  the  Values  Mean. — The  endless  variation  of  job  conditions,  su<di  as 
topography,  ground  formation  and  climate,  indicate  how  great  may  be  the 
error  of  any  fibced  equipment  charge  when  applied  to  the  exceptional  job.  But 
having  figures  which  represent  the  mean  of  many  projects,  a  starting  point 
exists  for  ascertaining  reasonable  charges,  for  the  exceptional  circumstances. 
Figures  given  in  the  standard  schedule  may  be  said  to  show  equipment  expense 
when  machines  are  not  required  to  operate  continuously  under  either  the 
worst  or  the  best  of  operation  strain.  When  no  especially  favorable  or  im- 
favorable  circumstances  attend  a  project,  the  tabular  values  probably  give  the 
expense  within  a  permissible  error. 

To  eliminate  error  as  far  as  possible  by  permitting  consideration  and  com- 
parison of  the  individual  items  that  make  up  equipment  expense,  the  gross 
amounts  are  reduced  to  their  component  parts.  Thus  any  item  of  the  expense 
which  is  known  to  be  unusually  high  in  specific  cases  may  be  adjusted  in  the 
schedule  to  obtain  a  more  appropriate  rental  rate. 

Components  of  Expense. — Seven  items  of  equipment  expense  constitute 
the  total  rental  charge  and  require  consideration  in  estimating  a  lump  sum 
contract,  or  in  determining  fixed  rate  rentals.  An  average  value  for  each  of 
these  items  which  represents  the  expense  of  a  gene^  contractor's  outfit 
as  a  whole,  has  been  approved  by  the  Executive  Board.  The  items  referred 
to  and  their  annual  proportions  of  the  equipment's  initial  cost  are  as  follows: 

Schedule  of  Typical  Rental  Charge. — Items  of  expense  aie  expressed  as  per 
cents  of  original  capital  investment  for  equipment  having  a  useful  life  of  0 
years  and  a  salvage  value  of  25  per  cent  of  the  original  cost. 
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I.  Avence  depredation . . 
!.  Equivalent  umual  iatei 

I.  Pi^d  lepsin 

I.  Ston«e  ukd  iDsidsnt&ls 


montbs'  worldna  tii 


ToUl  annul  en 
£quiTalent  eipense  o 
Renul  n(e  per  mon 

Havi  ta  Oblain  Proptr  PtTeenlaet. — These  percentages  and  those  gfvtn  In  the 
detailed  schedule  were  delermiued  ftccordioe  to  the  tollonlng  principles: 

The  economical  life  cd  a  machine  is  considered  to  end  vben  Its  value  has 
depreciated  to  35  per  cent  r^  the  original  cost.  The  average  annual  deprecla- 
tltm  then  amounta  to  TG  t>er  cent  of  the  Initial  coat  divided  by  the  number  of 
years  it  may  be  expected  to  give  service.  The  initial  cost  at  a  machine  la 
ispreseated  by  the  coat  of  that  machine  delivered  at  the  contractor's  yard. 

Tabu  LXXV- 


Auto-traller 

Backfiller,  power.. . 

Bailaat  aivnder 

Boilir,  uprisht  .... 
Boila.  locomotive .  - . 
Buekei,  clamsliell . . . 
Boelcet.  orsnse  peel. 
Bucket,  dracline  — 

Cars,  steel  duoip 

Care,  wood  duEup.. 

CbiB.flBt 

C»B,  bopper 

t,  eleaip.. 

^.^-^f^^ — r,  elflctclc. 

Cmerete  cbutea 

ConveyDr.  belt 

Conveyor,  bucket . . . 

(>iBber,r«sk 

Derrick,  wood 

Dsrick.  steel 

Drai^tne.  steam . .  .  - . 
Dradiiie.  gaaoline . . . 
DrMline,  elertric  -  -  -  . 
DiilL  tunnel  tarriagf 
DriH.  tiKtioii  weU  , 
Drill,  tripi^ 
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Tablb  LXXV. — Rbntal  Schedule  fob  Conbtbuction  Equipment-— Con(inu«d 


•si  ij 

§-|  ^^ 

S^  ^^ 

Yra. 

Excavator,  oableway 6 

Excavator,  Keystone 5 

Excavator,  trench 5 

Forms,  steel  concrete 2 

Graders,  common  road 4 

Graders,  elevating 4 

Hoist,  steam 10 

Hoist,  gasoline 6 

Hoist,  electric 8 

Locomotive — 

Industrial  steam 9 

Industrial  gas 4 

Industrial  battery 4 

Standard  gage 10 

Crane,  steam 8 

Crane,  electric 8 

Mixer,  steam 5 

Mixer,  gasoline 4 

Mixer,  electric 6 

Mixer,  paving  steam 5 

Mixer,  paving  gas 3 

Motors 6 

Pile  driver,  steam 8 

Pile  driver,  track 10 

Pile  hammer,  steam 7 

Pipe,  galvanized 3 

Plows 3 

Pneu.  cone,  mach 4 

Pump,  centrifugal 8 

Pump,  piston 6 

Pump,  pulsometer 8 

Pump,  Emerson 8 

Rails 8 

Riveter,  air 5 

Rock  channeler 6 

Roller  steam  road 10 

Saw  rigs 4 

Scraper,  wheel 3 

Scfaper,  slip 1 

Scraper,  fresno 2 

Shovel,  steam 6 

Shovel,  gasoline 4 

Shovel,  electric 7 

Switches,  fabricated 3 

Tower,  steel  hoist 7 

Tractor,  wheel  gas 6 

Tractor,  caterpillar 5 

Wagons,  dump 4 

Wagons,  hauling 4 

Wagon  loaders,  power 5 


^  aa 

"rt  o     'a. 
grt     dp. 


%  % 

12H  4 

15  8 

15  8 

37H  20 


18Ji 

12 

15 
6 

12H 

7 

9H 

5 

8H 

6 

18^ 

13 

'f^ 

15 
6 

9H  7 

9H  6 

15  12 

18^  13 

12>i  12 

15  13 


25 

12H 
9H 
7H 

10^ 

25 

25 


12H 
9H 
9H 
9K 

15 

12H 
7H 


12H 

25 
lOK 
12M 
15 


16 
6 
7 
5 
7 
5 

15 


18^     20 
9H       6 


7 
2 
2 
5 
8 
7 
5 


18K  10 

25  8 

75  25 

37H  25 


7 
9 
6 
3 
3 
9 
15 


18fi  17 
18^  12 
15         10 


2       "2^9 


^e   ^ 


d 

u 
9 

3 


M 


% 
34 
32H 

34H 

83 

42K 

23 
33 
23 

24 

47K 

43H 

23 

30 

25 

36 

45 

34 

37 

55 

28 

27 

21 

26K 

41 

55 

52x4 

25 

30 

21 

21 

23 

32H 

33 

21 

49H 

42H 

115H 
83 

31 

40K 

27^2 

36  V? 

23K 

32 

45H 
44K 

39H 
36H 


Interest  should  naturally  be  (Charged  at  the  prevailing  rate.  This  may  be 
computed  in  three  ways: 

1.  By  charging  the  prevailing  rate  each  year  on  the  depreciated  value  of 
the 'machine. 
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should  adjust  the  tabular  values  to  meet  unusual  conditions  that  this  schedule 
is  offered  to  contractors. 

Individtuil  Equipment  Rental  Schedule. — The  component  expenses  incurred 
by  the  ownership  and  maintenance  of  construction  plant  are  expressed  in  this 
table  as  percentages  of  the  initial  cost  for  individual  items  of  equipmeut. 
They  indicate  the  probable  annual  expense  without  profit  under  ordinary  job 
conditions  and  should  be  included  in  any  lump  sum  estimate  or  in  determining 
time  rate  rental  charges.  The  salvage  value  in  all  cases  is  considered  to  be  25 
per  cent  of  the  initial  cost. 

Total  percentage  amounts  in  the  etreme  right-hand  column  should  be 
applied  to  the  total  cost  of  a  machine,  iucluding  charges  for  transportation 
from  the  factory.  This  gives  the  total  annual  charge  which  for  a  lump  sum 
contract  covering  a  full  season,  is  the  total  equipment  expense.  For  deter- 
mining a  monthly,  weekly  or  daily  rental  rate  the  annual  amount  is  divided 
by  the  number  of  such  periods  in  the  year  during  which  construction  work  may 
be  carried  on. 

Rental  Rates  for  Grading  Contractors  Equipment — (Engineering  and 
Contractmg,  Feb.  18, 1920.) 

F.  J.  Herlihy  has  compiled  the  following  table  (Table  LXXVI.;  giving  the 
derivation  of  rental  rates  for  grading  equipment.  The  table  shows  the 
original  capital  cost  of  his  equipment,  depreciation  charges,  average  earning 
days  per  year,  daily  charge  for  interest,  depreciation,  insurance  and  storage, 
and  total  daily  rental  charge. 
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CHAPTER  III  ' 

HAULING 

A  fundamental  cost  entering  into  nearly  every  kind  of  construction  is  that 
for  hauling.  For  some  work,  such  as  excavation,  the  cost  of  removing  or 
hauling  away  the  excavated  material  Is  often  the  controlling  factor  in  arriving 
at  the  unit  cost;  while  on  practically  all  work  if  the  transi)ortation  end  "falls  ; 

down,"  progress  and  costs  are  "shot  to  pieces."  It  is  evident,  therefore,  that 
time  may  be  well  spent  in  determining  the  most  eocmomic  method  of  hauling 
for  each  job. 

The  material  in  this  chapter  is,  in  general,  grouped  according  to  methods  of 
hauling.  For  further  data  on  this  subject,  the  reader  should  refer  to  the 
index  of  this  volimie  and  also  to  Gillette's  "Earthwork  and  Its  Cost"  and 
**Handbook  of  Rock  Excavation." 

Cost  of  Maintaining  City  Owned  Teams  is  given  in  Engineering  and  Con-  \ 

tracting,  July  2, 1919,  and  is  from  a  ri^)ort  by  the  Rochester  Bureau  of  Munid^ 
pal  Research,  Inc.,  on  the  collection  of  r^use  in  the  city  of  Rochester,  N.  Y.: 

Co^  of  Maintaining  Horses  at  Columbus,  O. — According  to  the  report  of 
Superintendent  E.  W.  Stribling,  of  the  Division  of  Garbage  and  Refuse 
Ccrilection,  the  cost  of  maintaining  142  horses  by  the  city  of  Columbus,  O., 
in  1916  was  83.7  cts.  per  horse  per  day.  This  included  a  cost  of  41.63  cts.  for 
feed;  13.53  cts.  for  veterinary  services,  shoeing  and  supplies;  and  28.54  cts.  for 
stable  labor.  In  1915  the  unit  cost  was  83  cts.  per  horse  per  day,  including 
45.77  cts.  for  feed,  11.98  cts.  for  veterinary  services,  shoeing,  and  supplies 
and  25.25  cts.  for  stable  labor.  The  labor  force  consisted  of  16  mea  and  a 
night  watchman.  The  cost  of  feed  was  about  $14  per  ton  for  hay,  75  cts.  per 
bushel  for  com  and  50  cts.  per  bushel  for  oats.  Straw  cost  about  $7  -pet  ton. 
In  1916  each  horse  consmned  daily  30  lbs.  of  hay,  and  13  lbs.  of  grain,  5.3  lbs.  of 
straw  were  used  in  bedding  each  horse.  In  1915  these  quantities  were  31  lbs., 
12.75  lbs.,  and  6.3  lbs.  respectively. 

Cost  of  Horse  Maintenance  at  Cincinnati. — Similar  costs  for  1916  in  the  city 
of  Cincinnati,  given  in  the  report  of  Fred  Maag,  Sui)erintendent  of  the 
Department  of  Street  Cleaning,  Sewer  and  Catch  Basin  Cleaning,  indicate 
that  34.9  cts.  per  horse  i)er  day  was  the  cost  of  feeding  and  39.4  cts.  was  the 
cost  of  "  other  stable  expenses."  the  total  cost  being  74.3  cts.  per  horse  jter  day. 
Approximately   190  horses  and  80  mules  were  maintained  in  17  stables,  i 

practically  one-half  of  this  number  being  boarded  in  one  stable.     Each  horse  ' 

consumed  14.7  lbs.  of  hay,  11.5  lbs.  of  oats  and  2.8  lbs.  of  nutritia  daily.  j' 

Hay  cost  about  $18  per  ton,  oats  45  cts.  per  bushel  and  nutritia  $1.50  -per 
hundredweight.     (No  Allowance  apparently  was  made  for  bedding  straw.)  \ 

Cost  of  Feeding  Horse  at  Washington. — In  Washington,  D.  C,  according  to  } 

tbe  report  of  the  Engineering  Department  for  the  fiscal  year,  1915-16,  the 
cost  of  feed  amounted  to  40.2  cts.  per  horse  per  day.  The  daily  allowance 
per  horse  was  3.3  lbs.  of  dry  straw,  7  lbs.  of  long  timothy,  7  lbs.  of  mixed 
dofver  hay,  12.8  lbs.  of  oats  and  1.7  lbs.  of  bran.    Straw  cost  at  the  rate  of  •> 
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$16,  long  timothy  at  $20.80  and  mixed  clover  hay  at  $20  per  ton,  oats  at 
54  cts.  per  buahel  and  bran  at  $1.27  per  hundredweight.  The  cost  of  shoeing 
was  stated  to  be  2.6  cts.  i)er  horse  per  day. 

Cost  of  Maintaining  Horses  by  New  York  Street  Cleaning  Department. — 
In  the  annual  report  of  the  Department  of  Street  Cleaning  of  New  York,  in 
1916,  Commissioner  J.  T.  Fetherston  states  that  the  cost  of  "labor,  materials, 
supplies  and  consumable  equipment  used  directly  in  the  care  of  horses'* 
amoimted  to  $1.0$7  per  horse  per  day  and  that  this  cost  represents  prices  of 
forage  and  supplies  considerably  above  normiJ.  About  64  per  cent  of  the 
total  cost  replants  the  cost  of  forage,  30  per  cent  the  direct  labor  cost  and  6 
per  cent  the  cost  of  maintalliing  stable  equipment.  In  the  26  stables  main- 
tained by  the  department,  2,400  horses  were  cared  for.  One  hostler  and  one 
stableman  were  employed  for  each  13  horses.  In  1917,  the  daily  allotment  for 
each  horse  was  23  lbs.  of  oats,  18  lbs.  of  hay,  3H  lbs.  of  bran  and  3  lbs.  of 
straw.  In  addition  to  this  each  horse  was  given  IH  lbs.  of  coarse  salt  and 
2H  lbs.  of  rock  salt  per  month.  When  idle  the  horses  were  given  half  ration 
of  oats.  In  1916,  the  daily  ration  was  21  lbs.  of  oats,  15  lbs.  of  hay  and 
IM  lbs.  of  bran.  The  other  items  were  practically  the  same  as  for  1917. 
This  appears  to  be  an  unusually  heavy  ration  and  the  cost  of  feed  alone  was 
practically  70  cts.  per  horse  per  day. 

Stable  Coats  at  Rochester. — For  Rochester  it  was  possible  to  obtain  from 
James  M.  Harrison,  formerly  superintendent  for  the  Genesee  Reduction  Co., 
data  of  the  cost  of  maintaining  horses  employed  in  garbage  collection  from 
1908  to  1916.  On  Jan.  1,  1917,  the  Department  of  PubUc  Works  took  over 
the  operation  of  the  garbage  plant  stables  and  the  1917  costs,  therefore,  are 
available  also. 

In  1917  the  68  horses  quartered  at  the  garbage  plant  stables  cost  about 
68  cts.  per  horse  per  day  to  maintain.  The  approximate  cost  of  feed  amounted 
to  50.7  cts.;  the  direct  labor  cost  of  stable  operation,  9.4  cts.;  and  the  esti- 
mated cost  of  bam  supplies,  shoeing  and  harness  repairs,  7.9  cts.  per  horse 
per  day.  No  exact  ration  allotment  was  made,  but  according  to  the  total 
quantities  purchased  during  the  year  each  horse  consumed  about  11  lbs.  of 
oats  and  22  lbs.  of  hay  per  day.  The  approximate  average  cost  of  oats  was 
80  cts.  per  bushel  and  the  cost  of  hay  was  about  $18  per  ton.  The  stable 
force  consisted  of  one  bamman  and  three  helpers,  the  bamman  and  one 
heliier  working  Beyea  days  and  the  other  two  helpers  six  days  i>er  week.  The 
drivers  cleaned  and  harnessed  the  horses  and  gave  them  their  noon  feeding. 

The  foregoing  and  certain  additional  data  as  to  the  cost  of  maintaining 
horses  by  the  Genesee  Reduction  Co.  before  1917,  are  shown  in  Tables  I  and  II. 

From  the  foregoing  and  other  data  it  appears  that  a  horse  used  in  collection 
work  should  be  fed  on  the  average  about  20  lbs.  of  hay  and  14  lbs.  of  oats  per 
day,  in  addition  to  possibly  2  lbs.  of  other  feed,  consisting  principsdly  of  bran, 
salt,  etc.  Also  each  horse  should  be  bedded  with  approximately  5  lbs.  of  dry 
straw  daily.  On  this  basis  and  with  hay  costing  $18  per  ton,  oats  80  cts.  i>er 
bushel,  other  feed  $1.50  per  himdredweight  and  straw  $12  per  ton.  the  total 
daily  cost  per  horse  of  feed  and  bedding  would  amount  to  the  following: 

20  lb.  of  hay  at  $18  per  ton $0. 18 

14  lb.  of  oats  at  $0.80  per  bu 35 

2  lb.  of  other  feed  at  $1.50  per  cwt 03 

5  lb.  of  straw  at  $12  per  ton 03 

Total  estimated  coet  of  feed  and  bedding  per  horse  per  day $0. 59 
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In  addition  to  this  the  cost  of  veterinary  services,  maintenance  of  stable 
equipment  and  supplies,  shoeing,  and  harness  r^>airs  should  not  exceed  12  cts. 
per  hone  per  day.  If  one  hostler  at  $800  -per  yeat  and  one  stableman  at  $750 
per  year  'were  provided  for  every  20  horses,  the  direct  labor  cost  of  stable 
operation  would  amount  to  about  21  cts.  per  horse  per  day.  This  would 
Indude  the  cost  of  all  work  involved  in  feeding,  bedding,  cleaning  and  other- 
wise caring  for  horses,  and  all  labor  about  the  stables  such  as  cleaning  stables, 
handling  feed  and  supplies,  handling  and  moving  equipment,  cleaning  equip- 
ment, etc. 

The  total  cost  per  horse  -per  day,  therefore,  might  be  estimated  at  92  cts. 
distributed  as  follows:  * 

Peed  and  bedding $0. 69 

Veterinarian,  shoeing,  harness  repairs,  etc 0. 12 

-  Direct  labor  cost  of  stable  operation 0.21 

Total  maintenance  cost  per  horse  per  day $0. 92 

The  itnmiiLi  cost  of  maintaining  horses  at  this  figure  would  be  $336.65  per 
horse,  exclusive  of  the  cost  of  overhead  supervision,  fixed  charges  on  first 
cost  of  horses,  stable  sites  and  stable  buildings,  depreciation  of  horses,  and 
dqiredation  and  maintenance  of  stable  buildings. 

The  annual  (purchase)  cost  of  the  horses  used  in  garbage  collection  in 
Rochester  since  1912  has  been  about  $31  per  horse,  which  includes  replace- 
ments as  well  as  the  purchase  of  three  horses  during  the  six  years  in  addition 
to  the  number  owned  at  the  beginning  of  the  period.     (See  Table  II.) 

Table  I. — Cost  of  Fxbdino  Hobsss  Emplotsd  in  thb  Collbction  of  Gab- 

BAQB  IN   ROCHBSTEB,    N.    Y.,    1908  TO    1916 

Total  cost  of      Approximate 
feed  (grain, 
hay,  straw) 


Year 

1908 $  7,364.08 

6.964.89 

6,912.67 

6,827.04 

7,816.29 

9,269.83 

8,771.77 

10,666.02 

9,570.47 


member 
horses  fed 


1909 
1910 
1911 
1912 
1918 
1914 
1915 
1916 


Average  cost 

per  horse 

perlday 

40  $0,505 

40  .477 

40  .474 

40     -  .467 

65  .330 

65  .395 

65  .370 

66  .443 
66  .397 

Tablb  II. — Co0T  OF  Rbncwals  of  Hobsxs  Emplotbd  in  thb  Collbction  of 
Gabbaqb  in  Rochbstbb,  N.  Y.,  1912  to  1917 

Total  Approximate        Average  cost 

expenditure  number  of  per  norse 

Year  for  horses  horses 

1912 $2,219  65 

1913 1,885  65 

1914 4,205  65 

1915 1,020  66 

1916 1,676  66 

1917 1.125  68 


per  year 

$34 
29 
65 
15 
24 
17 


Estimates  as  to  the  economic  life  of  a  horse  used  in  collection  work  vary  from 
^H  to  8  years.  It  is  believed,  however,  that  a  good  horse  should  give  at  least  six 
FCttre  of  useful  service  in  this  kind  of  work.  Assuming  a  first  cost  of  $275  and  a 
>wble  value  of  $75  at  the  end  of  six  years,  the  annual  depreciation  would  be 
*M-33  per  year  per  horse. 

Depreciation  in  Value  of  Horses  (Engineering  and  Contracting,  Oct.  17, 
1917).— Some  interesting  data  on  the  depreciation  in  value  of  horses  are  given 
in  i  buUetht  issued  by  the  V.  8.  Department  of  Agriculture.    This  bullethi 
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deals  with  the  cost  of  keeping  farm  horses  and  the  cost  of  horse  labor.  It  is 
compiled  from  a  study  of  records  for  316  horses  on  27  farms  in  Illinois,  Ohio 
and  New  York. 

In  determining  depreciation  and  appreciation  in  value  of  horses  a  yearly 
inventory  value  was  placed  on  each  horse  on  the  farm  by  careful  appraisal  and 
a  record  was  kept  of  each  horse  bought  or  sold.  In  Illinois  11  of  the  18  yearly 
farm  recoids  showed  a  net  depreciation  of  horses.  In  Ohio  7  of  the  16  yearly 
records  showed  a  net  depreciation,  and  in  New  York  16  of  the  18  yearly 
records  showed  a  net  depreciation. 

The  average  net  depreciation  of  the  316  horses  was  $4.50  per  horse.  Of 
this  amount  $2.70  per  horse  was  due  to  the  death  of  9  horses,  valued  at  $855. 
Depreciation  varied  from  $11.60  per  horse  in  New  York  to  an  appreciation  of 
$2.10  per  horse  in  Ohio. 

Table  III  shows  the  percentage  of  horses  that  appreciated  in  value,  the 
percentage  that  did  not.  and  the  factors  influencing  the  aggregate  depreciation 
or  appreciation,  by  States. 

Tablb  III. — PuRCBNTAaB  OF  316  HoRSES  That  Apprbciatbd  in  Value,  Pkb- 

cxNTAGB  That  Did  Not  Apprbciate,  and  the  Factors  Infl,uencinq  thb 

AooRBGATx  Depreciation  or  Appreciation,  bt  States  (27  Farms, 

316  Horses) 

Percentage  of 

horses  tnat 

showed — 

o  .3        ^     -p  S    o       s 

I       I    "^  ^  -^  s  s  s 

Oi  ": 

Ot  o         oooooo 

State  and  number  of  horses  <]  ^        ^2^^^^;^ 

Illinois  (154  horses) 18.75     81.25     3     21     21     2..     43 

Ohio  (72  horses) 21.95     78.05     .        9     17     2     1        7 

New  York  (90  horses) 4. 95     95. 05     6       6       3     1     2     18 

The  3  states  (316  horses) 15.60     84.40     9     36     41     5     3     68 

On  the  Illinois  and  New  York  farms  colts  became  work  horses  when  from 
2H  to  4  years  of  age.  The  age  of  work  horses  that  depreciated  in  value  varied 
considerably,  depending  on  their  usage  and  care.  The  average  age  of  work 
horses  that  appreciated  in  value  was  about  4  years.  The  average  age  of  those 
that  neither  appreciated  nor  depreciated  in  value  was  about  8  years,  and  the 
average  of  those  that  depreciated  in  value  was  about  11  years  In  Ohio  data 
showing  the  age  of  all  the  horses  studied  were  not  obtained;  however,  the 
data  that  were  obtained  along  this  line  showed  about  the  same  results  as  those 
in  Illinois  and  New  York. 

In  Illinois  about  19  per  cent  of  the  horses  appreciated  in  value  at  the  rate 
of  $36.05  per  head  per  year,  while  the  average  depreciation  for  the  other  81  per 
cent  was  $12.55  per  head.  At  this  rate  it  will  be  seen  that  a  $36  appreciation 
of  one  horse  practically  would  offset  the  depreciation  of  three  others.  Thus 
the  appreciation  of  one  horse  out  of  every  5.34  kept  resulted  in  an  average  net 
depreciation  for  all  horses  of  but  $3.46  per  head.  Of  the  154  hors^  included 
in  the  records  from  this  State  3  died,  causing  a  loss  of  $350.  In  other  words, 
the  death  loss  was  about  1  out  of  every  51.  In  considering  the  reason  for  the 
number  of  young*  horses  on  these  farms  and  the  low  depreciation  of  work. 
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horses  it  was  found  that  there  was  an  average  of  one  (xAt  for  every  four  work 
horses  kept.  Further,  no  oolts  were  sold,  all  being  developed  into  work 
horses,  11  becoming  work  horses  during  the  time  in  which  data  were  collected. 
It  also  will  be  seen  that  the  same  number  of  horses  was  bought  as  was  sold. 
Three  died  and  had  to  be  replaced,  and  a  part  of  the  farmers  enlarged  their 
business,  thus  requiring  more  horses.  With  the  continued  raising  and 
developing  of  colts  into  work  horses,  however,  it  is  safe  to  say  that  ordinarily 
a  greater  number  of  young  horses  will  be  developed  than  will  be  needed  in  the 
fami  business. 

On  the  Ohio  farms  about  22  per  cent  of  the  horses  appreciated  in  value  at 
the  rate  of  $56.90  per  head.  The  average  depreciation  of  the  remaining  78  per 
cent  was  $13.30  per  head.  At  this  rate  the  appreciation  of  1  horse  would 
ofFset  the  depreciation  of  more  than  4  other  horses.  Thus  the  appreciation  of 
1  horse  out  of  every  4.55  resulted  in  an  average  net  appreciation  of  $2.10  per 
head  for  the  total  number  of  horses.  While  no  deaths  occurred  in  this 
group.  2  horses  were  severely  injured,  entailing  a  loss  of  $175. 

On  the  Ohio  farms  there  was  an  average  of  one  colt  for  every  10  work  horses 
kept.  This  was  about  two-thirds  less  than  on  the  Illinois  farms,  and  yet  the 
depreciation  of  horses  was  $5.56  per  head  less  than  in  Illinois.  By  this  it  will 
be  seen  that  the  net  appreciation  of  horses  in  Ohio  was  not  so  much  due  to  the 
raising  of  young  horses  as  in  Illinois.  A  study  of  the  data  shows  that  the 
reason  for  this  was  that  on  some  farms  a  practice  was  made  of  buying  young 
horses,  and  after  working  them  for  a  time,  selling  them  at  an  increase  in  value. 
During  the  years  this  study  was  made  9  horses  were  bought  and  17  were  sold, 
8  of  the  17  having  been  on  the  farms  at  the  time  this  work  was  begun.  The 
horses  bought  and  sold  were  mostly  young  draft  stock,  which  accounts  for  the 
high  appreciation  of  $56.90  per  horse.  In  following  this  practice,  at  times 
more  horses  were  kept  than  were  needed  to  do  the  farm  work.  Other  data 
in  this  bulletin  show  that  the  average  horse  worked  less  hours  per  year  on  the 
Ohio  farms  than  on  the  Illinois  or  New  York  farms. 

On  the  New  York  farms  the  relative  number  of  horses  that  appreciated  in 
value  was  a  great  deal  less  than  in  each  of  the  other  States — less  than  5  per 
cent — ^at  the  rate  of  $44.40  per  head.  The  depreciation  per  head  of  the 
remaining  95  per  cent  was  $14.48.  At  this  rate,  the  appreciation  of  one  horse 
would  a  little  more  than  offset  the  depreciation  of  three  other  horses.  Thus, 
the  average  net  depreciation  was  $11.56  for  all  horses.  One  reason  for  this 
depreciation  being  higher  than  in  the  other  two  States  was  a  loss  of  $505 
due  to  the  death  of  6  horses,  or  about  1  out  of  every  15.  Thus,  more  than 
48H  per  cent  of  the  total  depreciation  was  due  to  deaths.  The  number  of 
colts  on  tnese  farms  was  less  than  in  Illinois.  For  every  work  horse  sold  two 
were  bought.  It  seems  that  these  farmers  have  but  recently  started  to  replace 
the  old  horses  by  raising  colts. 

Drareciation  fiij^ures  from  other  boUetinB  follow: 

BuUetin  341  of  the  U.  S.  Department  of  Agriculture  shows  that  the  average 
depreciation  of  horses  on  378  farms  studied  in  Chester  County,  Pennsylvania,  is 
17  per  h^ui,  and  on  300  farms  studied  in  Lenawee  County,  Michigan,  $7.10  per 
head.  These  figures  are  largeljr  determined  bjr  the  practice  of  farmers  in  dis- 
pottng  of  horses  while  they  are  still  salable  at  a  fairly  satisfactory  price,  and  would 
undo^tedly  be  much  greater  if  all  farm  horses  were  kept  until  their  usefulness 
was  at  an  end. 

Coniell  University  (N.  Y.)  bulletin  377  shows  that  the  average  annual  depre- 
ciatMMi  of  horses  on  14  New  York  farms  for  the  year  1912,  and  on  31  New  York 
(arms  for  1913,  was  $14.03  and  $12.10  per  horse  unit,  respectively.  Of  the  45 
farms  studied,  12  showed  an  appreciation  of  horses. 
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Minhesota  extension  bulletin  15,  covering  a  period  of  four  years,  1904  to  1907i 
inclusive,  gives  fi/sures  for  farms  studied  in  three  dififerent  counties.  In  Rice 
County  depreciation  varied  from  $0.98  in  1905  to  $15.48  in  1904,  averaging  for 
the  four  years  $5.56  per  head.  In  Lyon  County  depreciation  varied  from  $4.20  in 
1905  to  $9.86  in  1904,  averaging  per  year  $6.94  per  head.  In  Norman  County 
depreciation  varied  from  $2.60  in  1007  to  $7.37  in  1904,  averaging  per  year 
$5,892  per  head. 

It  is  pointed  out  in  the  text  that  depredation  of  the  horse  is  an  expensive  item 
to  farmers  who  are  not  able  to  control  this  expense  by  means  of  clever  selling 
methods  and  by  the  use  of  young  horses.  Shrewd  selling,  however,  does  not 
affect  the  general  principle  of  depreciation,  since  thus  the  loss  is  passed  on  to  the 
buyer. 

Minnesota  experiment  station  bulletin  145  gives  results  of  a  further  study  of 
horse  depreciation  in  the  above-mentioned  counties.  Records  for  Rice  County 
for  the  period  1908  to  1912  inclusive  shows  a  variation  in  depreciation  from 
$0.28  in  1910  to  $5.10  in  1909,  and  an  average  per  year  of  $3.05  per  head.  In 
Lyon  County  the  study  covers  a  period  of  three  years,  1908  to  1910,  inclusive. 
The  depreciation  varied  from  $1.47  in  1910  to  $5.60  in  1909,  averaging  per  year 
$3.06  per  head.  In  Norman  County  the  work  covered  a  period  of  four  years,  1908 
to  1911,  inclusive.  The  depreciation  varied  from  $0.51  in  1910  to  $3.42  in  1911, 
averaging  per  year  $1.48  per  head*.  It  is  pointed  out  in  this  bulletin  that  the 
annual  depreciation  as  shown  above  is  not  high  enough  to  represent  a  proper 
average  charge  through  a  long  term  of  years.  Abnormal  conditions  in  the 
Minnesota  horse  market  were  largely  responsible  for  the  low  depreciation  charge. 

Health  Efficiency  of  Horses. — In  Engineering  and  Contracting,  Sept.  17. 
1913.  J.  W.  Paxton  states  that  records  are  kept  by  the  street  cleaning  depart- 
ment of  Washington,  showing  the  total  number  of  horses  cared  for  in  each 
stable  each  day  and  the  total  number  miable  to  work  because  of  injury 
or  sickness.  The  health  efficiency  of  the  stable  is  the  ratio  found  by  dividing 
the  number  of  horses  capable  of  working  by  the  total  number  of  horses. 
The  health  efficiency  of  all  stables  combined  has  been  brought  up  to  98  per 
cent,  although  it  was  as  low  as  86  per  cent  one  month  shortly  after  the  health 
records  were  initiated. 

A  health  efficiency  curve  is  plotted  tor  each  stable,  and  comparisons  between 
different  stables  can  be  made  at  a  glance.  When  in  any  case  there  is  a  drop 
in  the  curve,  a  conference  with  the  stable  boss  discloses  the  reason. 

In  addition  to  a  health  record  of  this  sort,  it  may  be  suggested  that  it  would 
be  wise,  in  many  cases,  to  keep  a  record  of  all  time  lost  by  stock,  and  to  plot 
curves  showing  the  total  "  output  factor,"  i.e.,  ratio  of  hours  actually  worked 
to  hours  that  might  have  been  worked  had  health,  weather,  etc.,  permitted. 
On  construction  work  it  frequently  happens  that  many  head  of  stock  are  idle 
for  lack  of  drivers  or  equipment.  Especially  is  this  true  when  a  job  is  being 
started.  Time  is  also  lost  in  shoeing,  in  moving  from  one  camp  to  another, 
etc.  It  is  certainly  desirable  to  have  daily  records  of  all  time  losses,  and  the 
reasons  therefor.  Daily  "output  factor  curves"  and  "health  lefficiency 
curves"  will  focus  attention  upon  time  losses  and  lead  inevitably  to  a  reduc- 
tion of  the  losses. 

Hauling  Material  with  Mules. — The  following  data  are  taken  from  an 
article  by  William  W.  Hurlbut  published  in  Engineering  Record,  July  19, 
1913. 

For  hauling  steel  plates  from  Mojave  to  the  Antelope  Valley  Siphon, 
Los  Angeles  Aqueduct,  a  distance  of  35  miles,  three  stations  were  established 
10  miles  apart.  Twelve  mule  teams  were  used  for  this  hauling,  the  average 
load  being  12.9  tons  or  a  little  more  than  1  ton  to  the  animal. 

A  team  made  20  miles  a  day,  loading  at  Mojave,  arriving  at  the  lO-mile 
station  at  noon;  at  the  20-mile  station  at  night  of  the  first  day;  at  the  SO-mile 
station  at  noon  of  the  second  day ;  leaving  there  and  discharging  the  load  at  the 
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dphon  the  afternoon  of  the  second  day;  than  letiiming  to  the  30-mile  station 
the  same  night;  returning  the  following  day  to  the  10-mile  station;  and  at 
noon  oi  the  fourth  day  reloading  at  Mojave,  thus  maldng  the  round  trip  in 
three  and  one-half  days.  The  cost  of  this  haul  averaged  12  cents  per  ton  mile. 
Number  of  Wagons  Required  for  Hauling  from  Steam  Shovels. — The 
following  data  are  reprinted  from  the  Aug.,  1019,  issue  of  Successful  Methods: 

Yabdaqb  fob  Vabioits  Hauls 

Cu.  yd.  per  day 
per  team  with 
Haul  in  ft.  Round  trips         IH-yd.  wagons 

500 106  157 

1,000 53  79 

2.000 • 26  40 

3,000 • 17  26 

6,000 10  15 

10,000 4  6 

NuMBEB  OF  Teams  fob  Vabious  Outputs 

Daily  output 
in  cu.  yd.  Haul  1,000  ft.     Haul  3,000  ft.    Haul  10,000  ft. 

250. 3  10  41 

300 4  12  50 

500 8  20  84 

On  a  road  job  in  Minnesota  5  wagons  are  serving  a  %-yd.  steam  shovel  on  a 
300-ft.  haul  and  are  kept  busy. 
At  Hamilton,  O.,  a  steam  shovel  with  a  H-Jd.  bucket,  loading  gravel  on  a 

3  to  lO-ft.  face,  loaded  480  2-cu.  yd.  wagons  in  9  hours,  and  60  teams  were 
estimated  as  necessary  to  keep  the  shovel  busy  on  a  1-mile  haul.  The  same 
shovel  handled  clay  out  of  a  6  to  12-ft.  face  and  should  be  able  to  load  360  2-yd. 
wagons  in  9  hours.  This  would  require  45  teams  to  haul  the  material  away 
on  a  1-mile  haul,  8  trips  to  the  team. 

Average  Loads  in  Team  Hauling  on  Country  Highways. — The  following 
data  are  given  in  a  paper  by  Seth  A.  Moulton  (Engineering  and  Contracting, 
Jan.  4,  1011)  before  the  Assodation  of  Cement  Users.  The  observations  were 
made  during  the  construction  of  a  storage  dam  at  Aziscohos,  Me.,  in  1910. 

The  round  trip  of  76  miles  from  Colebrook  to  the  dam  and  return  is  made  in 

4  days,  each  team  making  two  complete  round  trips  without  rest,  and  laying 
off  the  ninth  day.  Four,  five,  and  six  horse  teams  were  employed,  averaging 
4H  horses  to  a  team,  and  by  a  proper  arrangement  of  the  time  schedule 
a  TnaTJTniim  total  of  180  horses  could  be  accommodated  on  the  road,  making 
a  total  of  40  teams,  wtiich,  on  the  basis  of  4  days  to  a  trip,  gave  an  average  of 
10  teams  arriving  at  the  dam  during  each  day  of  the  toting  season. 

During  the  best  period  of  toting,  or  for  the  6  weeks  from  Dec.  1  to  Jan.  15, 
the  average  loads  were  as  follows: 

Four  horse  team 6, 650  lbs. 

Five  horse  team 8 ,  600  lbs. 

Six  horse  team 10,400  lbs. 

The  average  load  per  horse  was  1,680  lbs. 

During  the  best  period  of  summer  toting  the  average  loads  were  as  follows: 

Four  horse  team 5,750  lbs. 

Five  horse  team None  working 

Six  horse  team 8,400  lbs. 

The  average  load  per  horse  was  1,430  lbs. 

10 
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During  the  most  adverse  condition  of  toting  the  average  loads  were  as 
follows: 

Four  horse  team 4 ,  800  lbs 

Five  horse  team 6 ,  200  lbs. 

Six  horse  team 7 ,  200  lbs. 

The  average  load  per  horse  was  1,220  lbs.,  or  20  per  cent  less  than  could  be 
hauled  during  the  best  sledding. 

Cost  of  Hauling  with  Teams. — Table  IV,  prepared  by  E.  B.  Hiatt,  is  pub- 
lished in  Engineering  and  Contracting,  Dec.  4,  1018.  The  figures  are  baaed 
on  a  rate  of  travel  of  2  miles  per  hour  with  loads  and  3  miles  per  hour  returning 
empty.  Forty  minutes  is  allowed  for  loading  and  imloading  3,750  lbs.  with 
shovels.  This  weight  was  the  average  load  in  Madison  Coimty,  Iowa,  during 
the  1918  season.    The  vehicle  considered  was  a  common  farm  wagon. 


Tablk  IV. — Schedule  or  Pbices  for  Hauling  One  Ton 


Miles  $5.00 

0.5 0.288 

1.0 0.400 

1.5 0.511 

2.0 0.622 

2.5 0.733 

3.0 0.844 

3.5 0.955 

4.0 1.066 

4.5 1.177 

5.0 1.288 

5.5 1.400 

6.0 1.511 

6.5 1.622 

7.0 1.733 

7.5 1.844 

8.0 1.955 

8.5 2.066 

9.0 2.177 

9.5 2.288 

10.0 2.400 

10.5 2.511 

11.0 2.622 

11.5 2.733 

12.0 2.844 

12.5 2.955 

13,.0 3.066 

13.5 3.177 

14.0 3.288 

14.5 3.400 

15.0 3.511 

15.5 3.622 

16.0 3.733 

16.5 3.844 

17.0 3.955 

17.5 4.066 

18.0 4.177 

18.5 4.288 

19.0 4.400 


Team  rates  per  day  of  teD  hours 
$5.50       $6.00       $6.50       $7.00 


$7.60 


0.317 

0.346 

0.375 

0.404 

0.433 

0.440 

0.480 

0.520 

0.560 

0.600 

0.562 

0.613 

0.664 

0.715 

0.766 

0.684 

0.746 

0.808 

0.871 

0.933 

0.806 

0.880 

0.953 

1.026 

1.100 

0.928 

1.013 

1.097 

1.182 

1.266 

1.051 

1.146 

1.242 

1.837 

1.433 

1.173 

1.280 

1.386 

1.493 

1.600 

1.295 

1.413 

1.531 

1.648 

1.766 

1.417 

1.546 

1.675 

1.804 

1.933 

1.540 

1.680 

1.820 

1.960 

2.100 

1.662 

1.813 

1.964 

2.115 

2.266 

1.784 

1.946 

2.108 

2.271 

2.433 

1.906 

2.080 

2.253 

2.426 

2.600 

2.028 

2.213 

2.397 

2.582 

2.766 

2.151 

2.346 

2.542 

2.737 

2.933 

2.273 

2.480 

2.686 

2.893 

3.100 

2.395 

2.613 

2.831 

3.048 

3.266 

2.517 

2.746 

2.975 

3.204 

3.433 

2.640 

2.880 

3.120 

3.360 

3.600 

2.762 

3.013 

3.264 

3.515 

3.766 

2.884 

3.146 

3.408 

8.671 

3.933 

3.006 

3.280 

3.553 

3.826 

4.100 

3.128 

3.413 

3.697 

3.982 

4.266 

3.251 

3.546 

3.842 

4.137 

4.433 

3.373 

3.680 

3.986 

4.293 

4.600 

3.495 

3.813 

4.131 

4.448 

4.766 

3.617 

3.946 

4.275 

4.604 

4.933 

3.740 

4.080 

4.420 

4.760 

5.100 

3.862 

4.213 

4.564 

4.915 

5.266 

3.984 

4.346 

4.708 

5.071 

5.433 

4.106 

4.480 

4.853 

5.226 

5.600 

4.228 

4.613 

4.997 

5.382 

5.766 

4.351 

4.746 

5.142 

5.537 

5.933 

4.473 

4.880 

5.286 

5.693 

6.100 

4.595 

5.013 

5.431 

5.848 

6.266 

4.717 

5.146 

5.575 

6.004 

6.433 

4.840 

5.280 

5.720 

6.160 

6.600 

Similar  tables  can  be  prepared  using  different  times  for  loading  and  unload- 
ng  which  would  depend  upon  methods  employed  and  materials  hauled. 
The  average  load  would  also  vary  with  the  type  of  wagon  employed. 

Cost  and  Service  Comparisons  of  Motor  Trucks  and  Horse-drawn  VeUeles 
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are  given  by  Clinton  Biettell  in  "  The  School  of  Mhiea  Quarterly,"  Columbia 
Univeiaity,  fiom  which  Engineering  and  Contracting,  May  14, 1913,  abstract* 
the  following: 

There  are  several  ways  of  making  a  cost  ccmiparison.  One  is  to  leduce.all 
costs  to  a  "  per  day  "  basis.  This  method  is  of  little  value,  for  while  the  motor 
truck  costs  more  per  day,  it  also  does  more  work  per  day.  Then  there  is  the 
"cost  per  mile"  basis.  This  is  a  little  better,  but  also  ^ows  but  one  phase 
of  the  question,  as  no  account  is  taken  of  the  tonnage  moved.  The  third 
method,  and  the  best  one,  considered  from  all  sides,  is  the  "cost  per  tour 
mile."  This  is  the  method  which  will  be  employed  in  practically  all  cases 
throu^out  this  paper.  Data  on  the  subject  of  transportation  costs  are 
abundant,  but  so  many  methods  oi  boold&eeping  and  computation  are  used 
that  it  is  not  safe  to  accept  any  of  them  ofiF'-hand.  Before  adc^ting  them  for 
comparisons  they  should  be  car^ully  analyzed. 

Motor  Trucking. — ^To  be  accurate,  the  cost  of  operation  for  motor  trucks 
should  include  the  following  items: 

X.  FixKD  Chabobs. — ^Based  on  an  average  nimiber  of  working  days.  A 
figure  of  300  wwking  days  per  yeur  is  often  used,  and  approximates  quite 
closely  the  actual  working  days  for  the  average  case. 

A.  Driver's  Wages. — ^About  $20  per  week  is  a  fair  charge  for  this  item. 

B.  Oarage. — ^If  the  truck  is  stored  in  a  public  garage,  about  $25  per  month 
is  charged.  This  includes  washing,  polishing,  inspection,  heat^  light,  power, 
etc.  If  the  owner  maintains  his  own  garage,  this  figure  may  be  somewhat 
lower.  In  that  case  the  charge  for  stonlge,  to  compare  with  the.  above,  would 
be  made  up  as  follows:  (a)  Interest  on  investment,  including  building,  property 
and  equipment,  (b)  Insurance  and  taxes  on  same.  (If  the  building  is 
rented,  the  above,  i.  e.,  interest  on  investment,  insurance  and  taxes  on  buildr 
ing,  and  an  additional  charge  for  depreciation  on  building  would  all  be  included 
in  (Hieitem,  rent.)  (c)  Depreciation  on  building  and  equipment,  if  owned  by 
tmck  owner;  on  equipment  only,  if  building  is  rented,  (d)  Wages  of  attendr 
ants,  elevator  men,  washers  and  poMshers,  inspectors,  superintendent  or 
foreman,  (e)  Charges  for  heat,  light  and  power.  (/)  Charges  for  main> 
tenance  of  building  and  equipment.  -i 

C.  Insurance. — Fire,  liability,  theft,  prc^ierty  damage.  These  rates  vary 
an  ov^  the  country.  As  a  rule  they  are  uxu^asonably  high.  In  most  coses 
the  same  rates  as  for  pleasure  oars  are  applied  to  commercial  vehicles,  with;- 
out  taking  account  of  the  lessened  liability  with  slow  moving  motor  trucks. 
Insurance  against  fire  and- theft  is  generally  at  some  percentage  on  a  partial 
valuatioii,  say,  2K  per  cent  on  80  per  o^it  valuation.  Insurance  against 
prop^ty  damage  depends  on  the  horsepower  of  the  truck  and  is  arranged  on  a 
ilfding  scale  basis,  which  is  arbitrarily  adopted  without  scientific  basis. 
liability  is  usually  a  flat  sum,  being  greater  the  more  hazardous  the  occupar 
tion.    This  item  should  also  include  taxes  for  hcenses,  etc. 

D.  Interest. — Opinion  differs  as  to  what  rate  of  interest  to  use.  One  com^ 
BoQ  method  is  to  assume  as  a  basis  the  rate  offered  by  banks.  Whatever  the 
ate  finally  adopted,  it  is  well  to  recognize  that  there  is  a  regular  depreciatioi^ 
in  the  amount  of  capital  invested;  so  that  while  interest  for  the  first  year  is 
chargeable  <hi  practically  full  value,  for  the  second  year  it  should  be  on  less 
ttes  foQ  Talue,  for  the  third  year  on  still  less,  and  so  on.  The  easiest  way  of 
taking  account  of  this  is  to  use  an  average  rate  of  interest,  assuming  fuH 

first  year  and  entire  dissipation  of  capital  at  the  end  of,  say,  the  tenth 
The  average  rate  will  then  be  H  the  flat  rate  decided  on,  say  H  of  5 
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peit  cent.  This  method  charges  too  little  interest  for  the  first  fiye  years  and 
too  much  for  the  last  five,  the  one  halandng  the  other  in  the  final  result. 
XI.  Vabiablb  ob  Mileage  Chabges.  A.  Depreciation. — To  account  for  the 
gradual  wearing  out  at  the  truck,  even  with  the  best  possible  care  and  main- 
tenance, a  certain  amount  must  be  charged  off  each  year,  so  that  at  the  end  of 
the  truck's  life  there  will  be  a  fund  sufficient  to  purchase  a  new  truck,  iden- 
tical with  the  old  one.  If  a  truck  receives  ordinary  care  and  attention  in  the 
matter  of  upkeep,  etc.,  and  is  not  abused  in  (iteration,  it  will  last  as  much  as 
ten  years  before  it  is  really  worn  out,  and  many  will  last  longer,  (a)  One 
method  of  charging  depredation,  then,  is  to  write  off  one-tenth  the  original 
value  oi  the  truck  each  year.  Opinion  differs  as  to  the  life,  but  under  present 
conditions  it  is  not  wise  to  figure  over  ten  years.  Naturally  a  truck  which  is 
run  25  miles  a  day  should  last  longer  than  erne  operated  100  miles  a  day, 
with  equal  care  and  attention  in  both  cases.  (&)  This  suggests  a  second 
method  of  charging  depreciation,  i.  e.,  on  a  mileage  basis,  figuring  the  life 
of  a  truck  at  100,000  miles  imder  average  conditions.  The  latter  method 
seems  the  more  logical  one  to  follow,  since  in  fixing  the  rate  for  the  former 
method  it  was  necessary  to  consider,  unong  other  things,  the  daily  mileage  of 
the  truck.    Cost  per  mUe  is  thus  equal  to  total  cost  divided  by  total  mileage. 

B.  Tires. — The  life  of  tires  is  subject  to  practically  the  same  discussion  as 
given  in  connection  with  depreciation.  The  method  generally  employed  is  as 
follows:  The  tire  maker  guarantees  his  tires  for  a  certain  mileage  (provided 
that  rated  capacities  of  tires  are  not  exceeded,  and  in  some  cases  that  speeds 
are  limited  to  certain  specified  values)  usually  around  8,000  miles,  in 
addition,  the  time  dement  is  involved,  because  tires,  being  made  of  rubber, 
deteriorate  even  when  standing  idle.  The  tire  maker  covers  this  phase  of  the 
situation  by  stipulating  (in  most  cases)  that  the  guaranteed  mileage  must  be 
covered  within  a  given  time,  usually  12  months,  to  validate  the  guarantee. 
Hence  cost  per  mile  equals  cost  per  set  of  tires  divided  by  guaranteed  (or 
actual)  mileage,  as  the  case  may  be. 

C.  Repairs  (exclusive  of  tires). — This  includes  labor  and  material  (and 
profit  if  work  is  done  in  a  public  garage).  It  is  generally  figured  on  a  yearly 
basis  and  then  converted  to  a  mileage  rate,  by  determining  the  yearly  mileage. 
For  electric  trucks,  this  item  indudes  renewals  of  plates,  dectrolyte,   etc. 

D.  Oasoline  or  Current. — This  cost  is  figured  for  a  year  and  then  reduced 
to  a  mUeage  basis.  Cost  of  gasoline  dep^ids  on  the  fud  consumption  of 
the  motor  and  the  prevailing  price  of  gasoline.  Cost  of  current  depends 
on  type  of  motors,  etc.,  and  cost  per  kw.-hour  for  charging  batteries,  it 
is  best  to  figure  this  on  a  yearly  basis  and  then  reduce  to  a  mileage  basis.  The 
same  discussion  applies  to  oil. 

Summary. — The  total  of  items  under  I  gives  total  cost  per  day  for  fixed 
charges.  Assuming  a  certain  daily  mileage,  and  multiplying  the  rates  for  the 
various  items  under  II  by  this  mileage,  we  get  the  daily  cost  for  each  item. 
Total  of  these  gives  total  variable  costs  per  day.  Adding  daily  fixed  chai^r^s 
and  daily  variable  charges,  we  obtain  total  daily  operating  cost.  Ton-miles 
per  day  is  the  product  of  the  tonnage,  by  the  distance  this  tonnage  ^v^as 
carried.  Dividing  average  cost  per  day  by  ton-miles  per  day,  we  obtain 
"  Cost  per  Ton-mile"  which  is  the  final  result  sought.  As  an  example  of  tbe 
foregoing,  see  Table  V,  which  shows  costs  for  a  5-ton  gasoline  truck,  fl^ui^d 
for  various  daily  mileages,  and  Fig.  1  plotted  from  these  figures. 

Horse  Tmckiag. — Following  out  the  same  computation  for  horse  drawn. 
trucks,  the  costs  would  be  determined  as  follows: 
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t.  FixBD  Chabgbs.  a.  Driver. — In  case  the  driver's  wa^ies  are  paid  by  the 
week,  it  is  best  to  figure  this  item  on  the  basis  of  a  year  and  then  reduce  it  to  a 
daily  basis.    For  average  figiues  at  Chicago,  see  Table  YI. 

B,  Stable, — If  a  truck  owner  keeps  a  stable  for  his  equipment  the  following 
items  should  be  included  in  the  cost  account:  (a)  Feed,  hay  and  straw,  water 
and  stable  supplies.  (6)  Taxes,  insurance,  depreciation,  interest;  if  the 
building  is  rented,  rent  includes  all  of  these,  (c)  Light,  heat  and  power. 
(d)  Wages  of  stablemen,  helpers,  etc.;  salary  of  manager. 


Miles  Per  Day 


FxQ.  1. — Estimated  daily  cost  of  operation  of  five-ton  gasoline  truck  subdivided 

into  its  various  items 

If  he  boards  his  horses,  a  flat  figure  covers  all  of  the  above  items.  Record 
of  costs  should  be  kept  for  a  year  and  then  reduced  to  a  daily  basis  by  usin^ 
the  average  days  in  service  per  year. 

Table  VI. — Costs  Incident  to  Horse  Transpobtation,  Chicaqo 


.  Commodity 
Corn,  per  bu. 
Oats,  per  bu. 


Drivbbs,  Wages  Per  Week 


1871         1881  1891  1901  1906  1911 

10.39       $0,635  $0.59  $0,675  $0.46  $0.70 

.33           .468  .334  .483  .358  .474 

1903         1907  1908  1909  1910  1911 

Hay,  per  ton.  $15.00      21.60  14.00  17.00  21.00  25.00 

Chicago  Truck 

Type  of  ivagon 

Single  wagon                            1902  1904  1906  1909  1910 

One  horse $11.00  $11.25  $11.25  $11.50  $12.00 

Two  horses 12.75  13.00  13.00  13.50  14.00 

Double  wagon 

Two  horses 13.75  14.00  14.00  14.50  15.00 

Three  horses 15.50  15.75  15.75  16.00  17.00 

Four  horses 16.50  17.00  17.00  18.00  18.00 

Six  horses 18.50  19.00  19.00  20.00  20.50 


1012 

$0.90 

.40 

1012 
20.00 


1912 

$13. 50 

15. 50 

16. 50 
18. 50 
19. 50 
21. SO 


19.00 
Overtime  (year  1912),  30  cents  per  hour  up  to  8  p.  m. 

D.  Interest. — ^The  same  methods  are  applied  as  in  connection  with  motor 
trucking.    Interest  on  horses  and  equipment  (harness,  wagons,  blankets,  etc.) . 

E.  Insurance. — No  insurance  is  carried,  as  a  rule. 

F.  Veterinary  and  Medicine. — Charges  for  a  year  are  reduced  to  dally 
basis. 


o.sess  *o.0760  100. 
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Three-hone  wagon — 

Price  of  open  wagon S     375.00 

Price  of  three  hones 750. 00 

Price  of  harness 100.00 

Total  cost  of  equipment •. $1,225.00 

Working  days 300 

Average  miles  per  day 18 

Load  in  pounds 12,000 

Per 
Items  working  Per  Per 

Wagon  expense-—  Per  year        day      Per  mile  ton  mile     cent 

Maintenance,  grease*  repain.  etc..  $125.00  $0,417  $0.0232  $0.0039  5.20 

Depreciation,  To  per  cent 37.50  .125  .0007  .0011  1.56 

Rental  value  of  space 30.00  .100  .0056  .0009  1 .25 

Horse  expense — 

Depreciation,  15  per  cent 112.00  .374  .0208  .0035  4.66 

Ratio  that  die.  1  in  20 10.00  .033  .0018  .0003  .42 

Feed  and  bedding 550.00  1.834  .1019  .0169  22.91 

Care  rhostler) 150.00  .500  .0278  .0046  6.25 

Veterinary 20.00  .066  .0036  .0006  .83 

Medicine.... 15.00  .050  .0028  .0004  .63 

Rental  value,  space  for  horses ...  150 .  00  .500  .  0278  .  0046  6 .  25 

Shoeing 75.00  .250  .0139  .0023  3.18 

Water 15.00  .050  .0028  .0004  .63 

Blankets 12.00  .040  .0022  .0004  .50 

Deterioration  to  building  caused 

by  hones 25.00  .084  .0046  .0007  1.05 

Rental  value  of  space  for  storing 

feed 15.00  .050  .0028  .0005  .63 

Harness  expense — 

Depreciation 12.00  .040  .0022  .0004  .60 

Maintenance  and  repain 20  00  066  .0036  .0006  .83 

Rental  value  of  space 8.00  .027  .0015  .0003  .33 

General — 

Interest  on  investment 73. 50  .245  .0136  . 0024  3. 06 

Driver's  wages 900.00  3.000  .1666  .0278  37.50 

Stable  suppUes 25.00  .084  .0046  .0007  1.05 

Removing  manure '     20.00       .066         .0036       .0006         .83 

II  ■   I   I  ■        I  — — •^— .—  ■ 

$2,400.00  $8,001  $0.4380  $0.0739  100. 

Comparative  Bconomies. — The  costs  of  horse  transportatioii  were  cal- 
culated as  follows:  A  one-horse  truck  with  driver  can  be  hired  for  $4  per  day. 
Its  maximum  daily  mileage  would  be  22  miles  and  its  maximum  capacity  1 
ton.  Hence,  ton-miles  per  day  (full  load  half  way)  -HX22X1-11; 
and  cost  per  ton-mile  -  $4.00  -s-  11  »  $0,364.     Similarly: 

Two-horse  truck  with  driver,  per  day $  6.00 

Maximum  daily  mileage,  miles 20 

Maximum  capacity,  tons. ....  8 

Maximum  ton-miles  per  day  =HX20X3"« 90 

Cost  per  ton-mile  «  $6.00  +  30  = $  0.20 

Three-horse  truck  with  driver,  per  day $  8.00 

Maximum  daily  mileage,  miles 18 

Maximum  capacity,  tons 5 

Maximum  ton-miles  per  day  «*  H  X  18  X  5  — .  .  45 

Cost  per  ton-mile  -  $8.00  +45  = $0. 178 


These  are  the  extreme  points  for  the  three  curves.  For  lower  mileages,  the 
costs  wiU  be  higher*  The  daUy  mileages  given  are  much  higher  than  would 
be  obtained  under  average  operating  conditions.  Hence,  in  most  cases^ 
the  costs  would  be  found  further  up  on  the  curves. 
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The  figures  from  which  curves  in  Fig.  2  were  plotted,  for  gasoline  trucks, 
ue  from  figures  given  in  a  table  (see  Table  VIII)  published  in  *'  Commercial 
Car  Journal,"  Feb.  15,  1912,  and  are  averages  taken  over  a  number  of  years, 
frcHn  records  of  trucks  in  actual  service.  They  are  based  on  the  assumption 
that  full  load  is  carried  half  way. 
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Miles  PerOau 
Fia.  2. — Comparative  operating  costs  of  gasoline,  electric  and  horse  trucks. 

The  figures  for  ^ectric  trucks  of  from  I  to  6  tons'  capacity  (see  Table  IX) 
weie  taken  from  a  table  published;  in  February,  1912,  by  the  Commonwealth 
Edison  Co.  of  Chicago,  a  company  operating  a  large  force  of  electrics  and 
supplying  current  to  many  others.  Both  these  tables  are  thus  from  reliable 
sources. 

In  Fig.  3  is  given  another  set  of  curves  showing:  (1)  Horse-haulage  costs 
ooQected  by  the  National  Association  of  Automobile  Manufacturers,  from 
professional  truckmen.  (2)  Probable  daily  mileages  for  horse-trucks  of 
wious  capacities.  These  are 'the  results  o^  actual  practice.  (3)  Motor- 
truck speeds  recommended  by  N.  A.  A.  M.  for  trucks  of  various  capacities. 
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truck  manufacturer  is  designing  loading  and  unloading  devices,  by  the  use  of 
which  standing  time  is  reduced  to  a  minimum,  and  the  motor  truck  is  thus 
able  to  cope  successfully  with  the  horse,  even  in  this  short  haul  work.  To 
reduce  loading  time,  several  means  are  resorted  to,  depending  on  the  nature  ol 
the  product  to  be  transported.  For  building  materials,  coal,  etc.,  cranes, 
scoops  and  other  mechanical  loading  devices  are  employed  with  great  success. 
For  general  merchandise,  bodies  made  up  of  several  units  are  used.  For 
uploading,  the  bodies  are  made  to  dump  either  by  power  or  by  hand.  Where 
removable  units  are  employed,  these  are  removed  by  cranes  or  trolleys. 
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FiQ.  4. — Cost  of  operation  per  ton-mile  for  average  conditions,  various  truck 

capacities  and  daily  mileages. 


Comparative  Costs  of  Hauling  with  Steam  Tractor  and  Teams  are  given  by 
K.  I.  Sawyer  in  Engineering  and  Contracting,  March  13,  1912.  The  records 
were  taken  in  1911  on  road  extension  work  of  Menominee  County,  Mich. 

Owing  to  the  fact  that  the  steam  haulers  (75  h.  p.  Case  Traction  Engines) 
were  a  new  part  of  the  county  plant  a  comparison  was  worked  out  to  show  the 
advantage  of  using  this  equipment.  This  comparison  was  taken  directly 
from  the  schedule  of  actual  costs  of  the  road.  In  the  work  12,177  cu.  yds.  of 
stone  were  handled  by  the  engines  and  1,912  cu.  yds.  by  team.  This  work 
was  under  identical  conditions  and  gives  a  good  basis  of  comparison.  The 
team  haul  rate  Was  53  cts.  per  yard-mile.  This  would  be  considered  high 
under  normal  conditions,  but  it  was  good  under  existing  conditions.  The  con- 
ditions under  which  the  hauling  was  done  were  very  stem  as  is  shown  by  the 
fact  that  it  was  possible  to  load  only  about  a  ton  to  the  load  for  teams  at  the 
start,  and  even  then  it  was  necessary  to  double  the  teams  over  considerable 
of  the  road  now  built.  Only  good  teams  weighing  2,900  lbs.  to  3,400  lbs. 
each  were  used.    Further  details  regarding  the  hauling  are  given  in  Table  X. 


■Ud]  la  loading  while  the  other  la  on  Ihe  rood.  Loading  wagons  continuously 
"»  bjr  one  does  not  require  so  mucb  in  the  wa;  of  switches,  bins  oi  wagons. 
1.  Most  contracts  demuid  an  equipment  easily  and  cheaply  movable  from 
■•nrllch  to  anotbai.    It  la  seldom  that  all  of  the  loading  can  be  done  at  one 
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switch,  consequently  expensive  equipment  which  cannot  be  cheaply  and 
quickly  moved,  is  not  justifiable. 

3.  Horse  equipment  is  better  adapted  to  tom-up  and  dusty  roads,  which  are 
sure  to  be  encountered  where  construction  work  is  in  progress. 

4.  Horse  drawn  wagons  are  more  easily  handled  on  the  sub-grade  where  the 
rock  is  dumped.  They  pull  in  on  the  sub-grade  more  easily,  do  less  damage, 
dump  and  pull  out  and  turn  aroimd  more  quickly. 

5.  On  very  few  contracts  and  on  very  few  railroad  switches  can  rock  be 
delivered  fast  enough  to  justify  the  equipment  required  for  engine  hauling. 
The  whole  equipment,  the  necessary  unloading  devices  and  the  number  of 
wagons,  more  easily  fit  the  general  run  of  contracts  where  horse  drawn  wagons 
are  used. 

Of  the  numerous  contracts  now  under  construction  in  Los  Angeles  County, 
where  $3,000,000  is  being  expended  on  macadam  road  construction,  on  only 
one  is  the  rock  being  hauled  by  steam  engines.  They  were  tried  cm  several 
others,  but  quickly  abandoned. 

Motor  Truck  Cheaper  than  Teams  on  Hauling  GraveL — F.  P.  Scott  in 
Engineering  News-Record,  May  16,  1918,  gives  the  following  data  on  cost  of 
hauling  gravel  for  road  constructing  in  Montana. 

Teams  and  a  5-ton  (5  cu.  yd.  capacity)  truck  were  used.  Late  delivery  of 
the  truck  prevented  it  doing  its  full  share  oi  the  work. 

Labor  and  supplies  were  paid  for  at  the  folloy^ing  rates:  Conunon  labor; 
$0,375  per  hour;  team  and  teamster,  $0.75  per  hour;  foreman,  $0.45  per  hour, 
truck  drivers,  $100  per  month;  gasoline,  $0.27  per  gallon;  oil,  $0.52  per^aL 

Table  XI. — Compabativk  Cost  of  Hauling  Gbavbl  bt  Tvams  and  Motob 

Tbuck 
Item  Team  hauling    Truck  H«.iiliTig 

Total  amount  hauled,  cu.  yds 21 ,952  2,937 

Haul,  miles  ave 1.588  2.079 

max 2. 125  2.416 

min 0.704  1.806 

Cost  per  yd.  mi.,  ave $0,431  $0,235 

max 0.813  0.292 

min 0.349  0.168 

The  opei&ting  costs  of  the  truck  upon  which  the  above  units  are  based  were 

as  follows: 

Operator $292.06 

Repairs 131 .  59 

Fuel 820.68 

Int.  and  Depr 695. 16 

Economics  and  Costs  of  Motor  Truck  Operation. — The  following  matter, 
from  a  paper  by  W.  H.  Clapp  in  the  Journal  of  the  A.  S.  M.  £.,  Oct..  1916,  is 
given  in  Engineering  and  Contracting,  Oct.  18,  1916. 

Economics  of  Truck  Operation, — For  many  kinds  of  haulage,  covering  a  wide 
range  of  oi)eration,  the  motor  truck  is  distinctly  superior  to  any  other  method 
of  transportation.  Given  an  active  service  at  full  load,  with  a  terminal  not 
definitely  fixed  and  a  radius  of  operation  up  to  30  miles,  it  is  an  exceptional 
condition  which  will  justify  any  other  method  of  goods  haulage. 

There  are,  however,  special  considerations  which  may  ha?e  considerable 
bearing  upon  the  employment  of  a  truck.  A  conmiittee  of  the  Boston 
Chamber  of  Commerce,  in  a  detailed  report  on  street  traffic  in  Boston,  cover- 
ing eighteen  months  of  study,  reported  that  "development  of  motor  tnicdcs 
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wUl  tand  to  rellere  congestloo  b;  moving  &11  mercliBJidlw  in  larger  imlta  uid 
nior«  iBipldly/'  ftnd  that  "  the  average  apCAd  of  motor  vflbldes  In  getting  Into 
ud  awa;  from  railway  terminals  Is  Tiom  twit  to  three  times  that  of  the  horse." 
CtO,  of  Otuolint  rruct..— Fig.  S  gives  curves  ol  cost,  weight  and  horae- 
poirei  (average  values)  for  all  classes  of  gasoline  tiucks  as  listed  bj  publishers 
<i  [DotoT  tnick  publications.  The  noticeable  feature  of  these  curves  b  the 
Hidden  break  of  each  for  the  lighter  trucks  ot  lees  than  1  ton  c^>acity.  These 
■tiow  that  the  demand  for  a  light  truck  has  been  met  by  maklne  a  vehicle 
which  is  much  lighter  tor  the  rated  load  than  the  heavier  trades,  Tbis  Is 
po^ble  because  of  the  higher  eoglne  speed,  a  more  simple  final  drive,  torque 
and  thrust  taken  through  the  vehicle  springs,  and  by  the  generous  use  of 
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Truck  Capacifi^  in  Tons 
F».  S. — Averace  coit.  weight,  capagltr  and  h.p.  from  all  cluses  of  gaaoline 

■pedal  alloys  and  heat-tieated  steels.  The  curves  suggest  that  these  tracks 
m  too  light  for  the  load  that  they  are  rated  to  carry.  Tlial  this  is  trae  Is 
abundantly  proved  by  the  records  of  many  light  tracks  which  show  that  ttie 
arerage  life  of  a  light  delivery  track  is  about  a.l.OOO  miles,  whereas  tlie 
heavia  trucks  when  pioperlj. driven; and  cared  for  can  be  depended  uptm 
t«  give  80,000  to  lOO.OOOmllBs,  or  evBomorelor  the  better  grade  of  tracks,  If 
they  are  carefully  driven  and  ordinary  mainlenaiice  la  kept  up. 

Table  XII  la  an  itemized  cost  statement  for  various  sizes  of  gasoline  truclis 
Diid«  average  service  conditions  on  the  roads  of  southern  California.  That 
ttane  casta  are  somewhat  lower  than  averagee  for  other  localltiea  may  be 
lugely  credited  to  good  roads  and  an  equable  climate.  In  making  this  table 
■iDee  conditions  of  operation  are  assumed :  the  costs  for  each  size  o(  truck  are 
Wrapnled  f  or  a  daily  run  of  25,  50  and  75  mi  I  as,  and  for  each  condition  the  life 
•*■  the  truck  is  estimated,  and  depieclatloii  is  based  on  this  life.  Costs  are 
draiiiidcdlarsforlheuitireUfeof  thetruck.  First  costs  are  aieragechassis 
<W>taiLos  AngelM,  tsltdlowa: Light  delivery  wagon,  18  h.  p.,  ta00.;l,H» 
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tion  and  maintenanoe  is  noticeable.  Against  this  increase  is  the  lower  per- 
centage of  the  entire  cost  charged  to  fuel  and  tires. 

In  discussing  motor  truck  costs  it  is  not  possible  to  neglect  the  human  factor* 
which  here  more  than  in  most  cases  of  machinery  handling  is  one  of  the  princi- 
pal items.  It  is  hardly  too  much  to  say  that  maintenanoe  costs  are  chiefly 
driver.  An  expensive  and  intricate  machine  is  put  in  charge  of  a  low-paid 
employe  who  is  not  the  owner  and  who  ordinarily  has  but  a  limited  knowledge 
of  machinery.  This  is  one  reason  why  the  life  of  a  light  truck  is  usuidly  about 
two  or  three  years. 

Ownership  of  eight  or  ten  trucks  will  justify  an  owner  in  employing: 
a  mechanic  who,  with  a  small  outfit  of  tools  and  a  helper,  can  keep  the  truclcs 
clean  and  in  adjustment  and  make  many  of  the  smaller  repairs.  Reliable 
service  garages  are  now  to  be  found  which  will  do  the  same  work  for  a  reason- 
able charge,  and  this  is  more  satisfactory  than  to  leave  it  to  the  driver. 
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Miles  per  Ociy. 
Fia.  7. — Cost  of  operating  gasoline  motor  trucks. 


Operating  costs  for  the  same  make  and  capacity  of  truck  engaged  in  6:tactly 
the  same  kind  of  work  for  one  firm  will  frequently  show  a  variation  of  40  per 
cent  in  the  items  of  gasoline,  oil,  tires  and  maintenance.  It  is  easy  to  see*how 
a  poor  driver  will  shorten  the  life  of  a  truck. 

The  truck  governor  has  helped  to  solve  the  speeding  problem.  Another  aid 
is  the  recording  speedometer,  which  gives  a  graphical  log  of  each  day's  run — 
velocity  plotted  against  time:  thus  every  minute  of  the  day  is  accounted  for; 
the  number  of  stops  and  time  of  each,  maximiun  speed,  etc.  The  chart 
will  show,  for  example,  whether  it  will  pay  to  put  on  a  second  man  to  hasten 
deliveries  or  whether  a  rerouting  of  existing  lines  will  give  a  better  all-around 
service.  A  driver's  record  sheet,  if  it  is  brief  and  informing  and  filled  out  each 
day,  is  frequently  helpful.  It  must  be*  drawn  off  at  the  office  and  kept  up  to 
date.  Records  are  of  little  use  unless  changed  conditions  can  be  recognized 
at  once. 

Fig.  7  gives  curves  for  gasoline  trucks  plotted  from  the  data  of  Table  XII. 
These  curves,  if  continued  out  to  the  line  of  zero  miles  per  day,  show  the  daily 
fixed  charges  for  each  truck.    The  cost  per  day  increases  quite  unifomxly 
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with  the  increase  in  size  of  the  truck,  whether  the  daily  run  be  a  large  or  a 
small  one.  The  cost  i)er  ton  mile  is  based  on  a  full  load  each  way.  This  chart 
shows  that  under  such  favorable  conditions  of  haulage  a  heavy  iTuck  may 
reach  a  ton-mile  cost  of  as  low  as  5  ct.,  provided  that  the  nature  of  the  work  is 
such  that  the  truck  can  be  run  daily  at  the  rate  of  50  or  60  miles  a  day.  This  is 
a  heavy  mileage  for  a  big  truck,  and  such  an  ideal  service  as  would  be  repre- 
B^ted  by  a  full  haul  each  way  on  level  roads,  with  loading  and  unloading 
time  minimized  so  that  the  truck  could  be  imder  way  for  six  or  seven  hours 
each  day  and  with  no  extra  helper  required,  is  not  often  foimd. 

In  deciding  upon  a  truck  one  of  the  most  important  questions  to  settle  is 
that  of  size.  On  the  good  roads  of  this  section  (CaJifomia)  it  is  more 
disastrous  to  buy  a  truck  too  large  for  the  work  than  to  buy  one  that  is  too 
small.  A  5-ton  truck  costs  some  25  per  cent  more  to  operate  than  a  3-ton 
machine,  nor  is  this  cost  reduced  very  much  by  taking  a  lighter  load  on  the 
heavier  truck.  Interest,  depreciation,  maintenance,  taxes,  insurance  and 
fuel — all  are  higher.  Until  very  recently  the  tendency  has  been  for  owners  to 
buy  trucks  too  large  for  their  needs.  Now  the  buyers  have  conunenoed  to 
realize  that  it  costs  too  much  to  "deliver  the  vehicle." 

The  writer  does  not  wish  to  encourage  overloading,  which  has  been 
responsible  for  many  truck  failures  and  against  which  much  has  been  written, 
but  he  does  wish  to  point  out  that  an  occasional  overload  of  25  per  cent,  or 
even  50  per  cent  when  handled  carefully  on  a  good  road  is  not  a  serious  matter, 
while  to  haul  a  heavy  truck  day  after  day,  loaded  at  half  capacity,  is  a  very 
serious  matter  tf  one  would  haul  cheaply. 

Methods  of  Reducing  Trucking  Costa. — To  get  a  low  cost  per  ton  it  is  neces- 
sary to  keep  the  truck  moving.  Devices  which  cut  down  the  time  of  loading 
and  unloading  are  very  important.  Among  these  are  self-dumping  bodies  of 
various  lands  for  stone,  hot  asphalt  or  lumber ;  loading  chutes  or  bins  which  are 
filled  by  levator  or  conveyos;  there  is  also  a  movable  steel  tipple  which  can 
be  run  alongside  a  train  of  flat  cars  and  be  filled  by  shovelers  while  the  truck 
is  out  on  the  road,  so  that  the  actual  time  required  to  fill  the  truck  is  very 
little.  Another  device  is  the  use  of  extra  truck  bodies,  which  are  loaded  while 
the  truck  is  on  the  road  and  swung  onto  the  truck  by  an  air  lift  or  other  hoist. 
A  firm  of  wholesale  grocers  in  Los  Angeles  is  using  this  method  very  satisfac- 
torily. In  interurban  delivery  service  loading  nests  or  cartridges  are  being 
used.  These  are  filled  in  the  store  and  run  but  onto  the  truck.  There  is  some 
promise  in  the  extension  of  this  device  for  relieving  the  congestion  around 
freight  stations  and  also  for  interurban  service  where  a  heavy  truck  can  bring 
over  all  of  the  orders  for  an  entire  community  and  local  deliveries  be  taken 
care  of  by  light  trucks,  each  with  its  esi)ecial  cartridge.  A  scheme  somewhat 
aimilar  to  this  is  now  being  tried  out  by  the  city  of  Los  Angeles.  The  incom- 
bustible rubbish  is  gathered  by  a  house-to-house  collection,  using  wagons. 
The  material  is  put  in  large  cans  which  are  carried  to  a  central  point  and  a 
heavy  truck  is  used  to  haul  all  of  the  cans  to  the  city  diunp. 

Comparisons  of  Operating  Coats  of  Horse-Drawn  and  Motor  Trucks. — The 
use  of  an  extra  man  to  facilitate  deliveries  will  often  save  enough  time  to  ipake 
a  good  investment.  One  oi  the  large  department  stores  in  Los  Angeles  found 
that  on  a  certain  route  wherd  one  man  had  averaged  1 10  stops  a  day  two  men 
we  aUe  to  make  190  deliveries.  The  use  of  self-starters  on  trucks  of  this 
type  is  also  becoming  common.  These  save  a  little  time  on  each  stop  and 
*te  Iceep  the  driver  out  of  the  dirt,  and  particular  customers  appreciate  this 
tetture.    At  the  plant  of  the  Southern  California  Qas  Company  the  night 
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man  unloadB  the  trucks  and  stores  the  pipe  and  old  meters  that  have  be«i 
collected  during  the  day,  and  then  puts  onto  the  truck  the  new  supplies  that 
have  been  requisitioned  for  the  coming  day. 

Fig.  8  and  Table  XIII  show  a  comparison  between  the  cost  of  running  a 
light  gasoline  delivery  truck  such  as  is  used  for  close-in  delivery  work  by 
grocers  and  the  cost  of  running  a  one-horse  delivery  wagon.    The  costs  are 
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Miles  Run  per  Day 
Fio.  8. — Comparison  of  single  horse  and  wagon  and  light  delivery  truck  coBts. 

from  actual  costs  gathered  in  Los  Angeles  and  vicinity  and  averaged.  For 
each  vehicle  the  cost  is  figured  for  the  vehicle  idle  and  again  when  running 
at  a  fair  maximum  daily  average.  The  figures  show  that  there  is  no  excuse 
for  using  a  horse  for  this  kind  of  work,  whether  the  number  of  deliveries  be 
large  or  small.  Twenty  miles  a  day  is  a  maximum  for  any  delivery  horse  If 
used  300  days  a  year.  If  more  than  20  miles  a  day  are  to  be  covered,  it  is 
necessary  to  duplicate  equipment. 

Fig.  9  and  Table  XIV  give  a  similar  comparison  between  the  cost  of  oper- 
ating a  5-ton  gasoline  truck  and  heavy  teams  used  for  such  work  as  rock  and 
dirt  haulage  and  heavy  transfer  work  generally.  As  in  Fig.  9,  the  costs  are 
figured  from  actual  costs  based  on  a  maximum  of  service  per  day  and  an 
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and  averaged  5}4  trips  per  day.  When  work  on  other  contracts  took  the 
teams  away  the  work  was  sublet  to  another  contractor,  who  took  the  job  at 
the  same  price  per  ton  as  the  teams  were  figured  to  have  cost.  Three  5-ton 
trudcs  averaged  12  trips  per  day  each,  and  carried  an  average  of  54.7  tons 
per  day  apiece.  Tliis  makes  each  truck  equivalent  to  3.3  teams,  which  would 
represent  a  considerable  saving  by  the  use  of  trucks,  provided  they  could  be 
kept  steadily  employed. 
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Miles  per  Ooy 
FiQ.  9. — Compariaon  of  costs  for  5-ton  gasoline  truck  and  heavy  teams. 

The  use  of  electric  trucks  for  deliyery  service  is  not  so  general  in  Los  Angeles 
as  in  most  large  cities.  Two  of  the  largest  department  stores  in  Los  Angeles 
use  no  electrics,  and  other  stores  which  do  use  them  have  usually  a  smaller 
percentage  of  the  entire  fleet  of  this  type.  There  are  two  reasons  for  this: 
First,  a  smaller  congested  area  than  cities  like  Boston  or  Chicago;  and,  second, 
a  smaller  number  of  stops  i)er  mile.  For  light  delivery  service  where  the 
vehicles  carry  1.000  lb.  or  less  the  higher  first  cost  of  the  electrics  is  a  serious 
objection;  for  vehicles  in  the  1,500-lb.  class  the  difTerence  in  first  cost  is  not  so 
great,  and  the  electric  vehicle  will  show  a  lower  cost  per  delivery  than  the 
gasoline  truck  where  the  latter  is  held  down  to  the  same  number  of  miles  per 
day.  Table  XV  gives  the  average  work  and  costs  for  one  month  for  both 
classes  of  vehicles  for  one  of  the  large  department  stores  in  Los  Angeles.    From 

Table   XV. — Comparison   op   Gasoline   and   Electric   Delivery  Trucks 

(Averages  for  1  month) 

Type  of  truck 

Miles  traveled  per  day 

Stops  per  mile 

Stops  per  day 

Cost  per  mile,  cents 

Cost  per  stop,  cents 0. 12 


Gasoline 

Electric 

76 

36 

1.96 

2.74 

147 

104 

12 

15.3 

6.12 

5.29 
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this  it  will  be  seen  that,  where  the  electric  truck  gives  a  cheaper  delivery,  it  has 
the  advantage  of  more  stops  per  mile.  It  is  probable  that  in  spite  of  the  close- 
in  traffic  conditions  the  gasoline  truck  would  cover  the  same  route  in  less  time 
or  give  a  larger  number  of  deliveries  i)er  day  in  the  same  territory.  These 
costs  are  based  on  the  use  of  two  men  with  the  gasoline  truck  an(f  one  man  on 
the  electric.  The  comparison  shows  that  the  advantage  in  favor  of  the  elec- 
tric truck  is  a  very  small  one,  and  may  vanish  altogether  under  comparative 
tests.  On  the  other  hand,  there  is  an  advantage  for  the  electric  in  its  quieter 
'operation  and  greater  cleanliness  that  is  worth  something  in  delivery  service. 
Operating  Cost  of  5  -Ton  Dump  Truck  (Engineering  and  Contracting,  Aug. 
6,  1919). — ^As  the  result  of  a  questionnaire  the  Motor  Truck  Owners'  Associa- 
tion of  Philadelphia  ascertained  that  the  average  daily  cost  of  operation  for  a 
&-ton  truck  of  dump  body  Xy^  working  under  (1919)  Philadelphia  conditions 
was  $26.09,  itemized  as  follows : 


Depreciation 

Interest 

Insurance 

license 

Gasoline 

Oil  and  grease. . . . 

Repairs 

Garage  fees 

Overhead  expense. 

Driver 

Tires 


Per  day 

Per  cent 

%  5  29 

20.3 

0.76 

2.9 

1.25 

4.8 

0.11 

0.4 

SA2 

13.1 

0.42 

1.6 

5.11 

19.6 

0.74 

2.8 

1.74 

6.7 

4.96 

19.0 

2.29 

8.8 

Total $26.09  100.0 

It  ^so  was  found  out  that  the  fixed  charge  costs  should  be  based  on  a  265- 
day  year,  and  that  the  average  daily  mileage  was  40>^  miles. 

Operating  Costs  of  Motor  Truck  Delivering  Sand  and  Gravel  (Engineering 
and  Contracting,  March  21,  1917). — A  Pacific  Coast  sand  and  gravel  company 
is  using  a  5-ton  truck  for  delivering  sand  and  gravel.  The  material  is  nearly 
always  mixed  and  usually  is  quite  wet.  It  runs  4  yds.  to  the  load  and  3,400 
lbs.  to  the  yard,  and  is  hauled  over  country  roads  of  various  kinds,  about 
equally  divided  between  gravel  and  dirt.  There  are  many  hills,  some  of  them 
quite  steep,  necessitating  going  in  first  and  second  gears.  Most  of  the 
trucking  was  for  delivering  gravel  on  county  roads,  and  spreading  it  with 
the  attachment  on  the  truck.  The  operating  costs,  furnished  by  the  company 
for  a  5-months  period  are  given  in  Table  XVI. 

Tablb  XVI. — Opbratino  Costs,  5-Ton  Tkuck,  4- Yard  Capacity 


Amount 

1  655 

606 

133 

249* 

144 

Cupgrease 100* 

Tire  replacements  and  de- 
preciation   

Bepairs  and  parts 

Wmgee 

Intwest  (8  per  cent) 

Depreciation  (20  per  cent) 


Article  used 

Distillate 

Gasdine 

Motor  oil 

T^nsmission  oil 
Sivocket  oil . 


Miles 
per  gal. 

or  lb. 

3.494 

3.494 
59.4 
31.7 
55 
79 


•Pounds,     t  Cts.  per  gal.     t  Cts.  lb. 


Av    cost 

Total 

Cost 

article 

cost 

per  mile 
$0.0153 

11 

$ 

182.05 

21- 

121.20 

.023 

3lt 

41.23 

.0052 

5Ht 

13.48 

.0017 

u  . 

10.8 

.0012 

5.00 

.0006 

164.93 

.0196 

21.06 

.002ft 

508.75 

.057 

218.78 

.0276 

394. 66 

.05 

$1 

,671.  22 

$0. 2038 
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Fob  thk  Sbason 

Average  distance  of  delivery,  miles 6.1 

Cost  per  yard  mile $0. 1066 

Cost  per  ton  mile 0617 

Total  mileage 7 ,  900 

Yardtf  delivered 5 ,  190 

Weight  of  gravel,  1  yd.,  lb 3,400 

Yard  miles  hauled 15,800 

Ton  miles  hauled.* 28, 836 

The  truck  waa  new  last  year.  The  driver  was  paid  for  an  extra  hour  each 
day  the  truck  was  operated.  This  extra  time  he  put  in  screwing  down  the 
grease  cups  and  inspecting  parts  on  the  truck.  The  driver  was,  therefore, 
held  responsible  for  anything  happening  that  could  have  been  prevented  by 
his  inspection.  In  several  instances  he  discovered  that  there  was  a  loose  nut, 
missing  bolt,  cup  gone  or  something  of  minor  importance,  which  if  neglected 
might  cause  lost  time  and  more  or  less  expense.  These  things  were  immedi- 
ately attended  to  and  as  a  consequence  no  time  was  lost  on  account  of  truck 
trouble. 

Cost  of  Hauling  with  Motor  Trucks. — ^The  following  figures,  given  by 
J.  A.  Broad,  Luce  County  Engineer,  in  a  paper  presented  at  the  Mictiigan 
Road  School  (1919).  are  published  in  Engineering  and  Contracting,  April  2, 
1919. 

The  cost  of  hauling  with  motor  trucks  in  highway  work  in  1918  in  Luce 
County,  Michigan,  averaged  about  10  ct.  per  ton  mile.  Two  5-ton  White 
trucks  were  employed.  The  interest  on  the  truck  investment  was  taken  at 
6  per  cent  per  year  and  amounted  to  $288  for  each  truck.  There  was  no 
insurance. 

The  charges  for  Truck  No.  1  were  as  follows: 

Depreciation  100,000  miles  (truck  value  minus  tires) $     255. 16 

Total  wages  of  driver 319.  74 

Gasolincj  1,377  gal.  at  25  ct 344.  26 

Lubricating  oil,  117  gal.  at  56  ct 66.  62 

Hard  oil,  128.5  lb.  at  6  ct 7.  71 

Waste,  20  lb.  at  20  ct * 4. 00 

Tire  depreciation — 5,316  miles  at  3  ct 159. 48 

Repairs  and  renewals 160.  00 

Total  operating  charges $1 ,  315.  86 

Fixed  charges  (interest) 288.00 

$1,603.86 

Average  haul  in  nu'Ies 6.  64 

No.  of  yds.  hauled 1.  868 

Total  number  of  yd.  miles  performed,  10,321 $0.  155  yd.  mile 

Total  number  of  ton  miles  performed,  15,481 0. 104  ton  mile 

The  charges  for  .Truck  No.  2  were: 

Depreciation  100,000  miles  (truck  value  minus  tires) $     237.  40 

Total  wages  paid  driver 297. 00 

Gasoline,  1,235  gal.  at  25  ct 308.  75 

Lubricating  oils,  117  gal.  at  65  ct 68.  88 

Hard  oils,  128.5  lb.  at  6  ct 4.  08 

Waste,  21.  5  lb.  at  20  ct 4.  30 

Tire  depreciation,  4,946  ;miles  at  3  ct 148.  38 

Repairs  and  renewals ■ 131.  OO 

Total  operating  charges $1 ,  199.  79 

Fixed  charges  (interest) 288.  OO 

$1,487.79 

Average  haul  in  miles 6.  64 

No.  of  yards  hauled 1 .  780 

Total  number  of  yd.  miles  performed,  9,861 $0. 161  yd.  mile 

Total  number  of  ton  miles  performed,  14^791 0. 101  ton  mile 
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operating  Costs  for  3H-Ton  Triiek  (Engineering  and  Contracting,  Aug. 
6,  1019). — In  an  address  before  the  Detroit  Transportation  Association, 
C.  E.  Stone  gave  the  following  figures  taken  from  the  cost  records  of  a  Detroit 
owner  for  the  operation  of  a  3H-ton  stake  body  truck: 

INYESTMENT 

Chassis $3,800.00 

Body 350.00 

$4,150.00 
Leas  tires  ($74.25  each,  7,000  miles  guaranteed) 445 .  50 

$3,704.50 
Costs  are  based  upon  300  working  days  in  the  year 

TBABLT   FIXED    CHABQES 

Interest  on  $3,704.50  at  6  % $      222.27 

Insurance — 

Kre,  75  ct.  per  hundred 31.13 

Collision,  full  coverage  $152,  $50  deductible 102. 00 

liability  (truckman) 135 .  00 

License — 

15  ct.  per  horsepower  (4H  X  5H  -  32.4) 4.86 

Weight.  15  ot.  per  100  lb.,  chassis  7.000  lb.,  body  1.800  lb.,  total 

8,800  lb 13.20 

CSty  dray 1 .  00 

Tax  3  %  on  70  %  of  $4,150  ($2,906) 87. 15 

Garage.  $15  per  month 180. 00 

Driver,  $5  per  day  (300  days) 1 .  500. 00 

Per  year $2,276.61 

300days  $2,276.61,  per  day  cost $7.58 

OPBRATZNO    COSTS 

Fuel  (25  ct.  per  gal.,  six  miles  i)er  gal .)  per  mile $  0 .  040 

Lubricants  (60  ct.  gal.,  150  miles  per  gal.)  per  mile .  004 

Tires  (7,000  miles  set,  $445.60)  per  mile .064 

Depreciation  ($3,704.50  on  100.000  miles)  per  mile .  037 

Per  mile $        0. 145 

Overhauling  ($300  per  year)  per  day 1. 00 

flO  miles  per  day  at  .145 8.70 

Total  daily  cost $       17 .28 

Per  ton  mile  cost $        0. 288 

It  will  be  noted  that  the  above  figures  contain  no  allowance  for  the  "  cost 
of  doing  business,"  which  includes  general  expenses,  accidents,  bad  accounts, 
etc.  To  meet  these  charges  this  owner  charges  up  $1  a  day  per  truck  which  he 
finds  about  meets  the  figures.  He  also  has  a  general  sinking  fund  of  10  per 
cent  of  the  daily  gross  receipts  of  each  truck  to  take  care  of  this  matter. 

Economic  Motor  Trucking  over  very  Bad  Roads  (Engineering  and  Contract- 
ing, Dec.  20.  1916). — The  Haskins  Dolomite  Co.,  of  San  Francisco,  operates  a 
5-ton  White  truck  with  a  Troy  trailer  from  their  dolomite  quarry  to  the 
railway  a  distance  of  10.5  miles,  and  the  truck  makes  four  round  trips  every 
24  hrs.,  working  two  shifts.  The  road  is  one  of  the  worst  of  mountain  roads, 
tun  of  (diuck  holes,  covered  with  dust  often  6  ins.  deep,  with  grades  up  to  10 
per  cent,  one  of  which  (10  per  cent)  is  1.5  miles  long.  The  truck  requires 
44  g!ds.  of  gasoline  and  4  gals,  of  oil  for  the  day's  work  of  84  miles.  The 
daily  operating  expense  is  about  $30,  which  is  equivalent  to  7  ct.  per  ton-mile, 
ndusive  of  interest  and  depreciation,  but  inclusive  of  tire  renewals  and 
Qnrait  repairs. 

Tnilers  for  Use  with  Contractors*  Motor  Trucks. — According  to  Engineer- 
&€  md  Contracting,  Dec.  3,  1913,  extensive  experiments,  made  by  the  Troy 
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WagoD  Works  Co.  in  studytng  the  problem  of  the  abUlt;  of  motor  tmcka 
to  pull  one  Qi  more  tiallen.  Bbow  that  the  sTerage  truck  loaded  to  ila  rated 
capacity.  In  sddltioD  to  canyins  Its  rated  load.  doTolops  a  drawbar  pull 
equal  to  about  one-baU  oF  Ita  rated  load.  A  team  Ot  horaea  will  devdop  a 
nuudmum  sustained  drawbar  pull  equal  to  about  one-fourth  o[  their  weight. 
It  was  estimated  from  the  tests  that  the  drawbar  pull  required  to  move  a  ton 
of  material  vari«  from  SO  lbs.  on  a  brick  street  to  150  lbs.  on  a  hanl  surfaced 
country  road,  no  grades  ot  cnnseituence  considered.     Further  variations  are 


grades  the  drawbar  pul]  required  Is  about  250  lbs,  per  ton  of  live  load  moved 
on  a  property  conatrucled  vehicle.  This  was  another  conclusion  drawn  troiii. 
the  tests.  On  this  basis  an  average  3-Ion  truck  will  pull  10  tons  live  load  In 
addition  to  the  rated  load  on  the  truck  proper,  In  other  words  the  drawbar 
pull  of  the  average-  3-ton  truck  equals  that  of  three  3,000-pouQd  teams. 

Fig.  10  shows  "draft  pertoncurvea  for  various  road  conditions  "  tromactual 
tests.  In  order  to  take  care  of  possible  conditions  not  obtained  hi  the  actual 
tests,  the  per  ton  drawbar  pull  given  In  the  paragraph  above  la  placed  con- 
siderably In  eicesB  of  that  shown  by  the  teets. 

The  Troy  Wagon  Works  Co.  decided  from  the  results  of  their  tests  that  an 
average  motor  truck  could  develop  the  tractive  power  necessary  to  pull  one 
or  more  loaded  traileni.  In  the  teats,  in  order  to  keep  the  motor  truck  from 
being  delayed  Vlie  trailer  plant  was  three  times  the  number  being  pulled. 
yi  of  the  plant  at  the  loading  point,  H  In  transit  and  ^  bcdog  unloaded. 
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for  a  ooDsiderable  distance.  The  lecords  on  which  this  artide  is  based  were 
started  on  Aug.  1,  1910,  after  2  miles,  <me-half  of  the  road,  had  been  built, 
and  continued  up  to  Nov.  14,  1910,  when  the  road  was  completed.  These 
records  were  kept  as  a  means  of  information  and  to  promote  efficiency  by  com- 
piling daily  report  of  the  materials  used,  wages  paid  and  work  done.  The 
card  report  was  made  as  simple  as  possible  so  that  no  excuse  could  be  offered 
to^  not  using  it.  No  writing  was  required  of  the  men,  only  figures.  The  use 
of  the  cards  produced  immediate  reform  on  the  work  and  very  largely  in- 
creased the  output  of  the  plant.  All  repairs  and  renewals  of  parts  for  engine 
and  cars  were  made  on  hoUdays  or  at  night. 

From  the  constant  passage  of  the  engine  and  heavily  loaded  cars  over  the 
road,  its  surface  became  about  as  hard  as  solid  rock,  and  the  continued 
dry  weather  made  a  deep  dust,  composed  of  too  abundantly  used  screenings 
required  by  the  specifications,  gave  us  much  annoyance,  making  the  engine 
look  like  a  heap  of  junk,  the  crew  like  negroes,  and  causing  the  repairs  to  be 
excessive;  as  nuts,  bolts  and  the  parts  held  in  place  by  them  would  be  loosened 
in  an  incredibly  short  space  of  time,  and  the  gears  would  be  like  grindstones 
from  the  grit  deposited  on  them. 

It  is  necessary  in  operating  an  outfit  af  this  kind,  to  maintain  a  supply  of 
the  extra  parts  that  are  most  likely  to  be  broken;  and  it  is  advisable  to  have  on 
hand  even  some  of  the  larger  castings,  as  a  break,  when  you  are  working  some 
distance  from  the  factory,  may  result  in  a  delay  of  several  days  and  completdy 
tie  up  a  piece  of  work  which  is  dependent  on  the  stone  hauled  by  the  engine. 
We  maintained  a  storehouse  for  oils,  waste  and  odd  parts;  also  a  portable 
forge,  bench,  vice,  jacks,  and  other  tools  ready  to  take  to  the  side  of  the 
oigine  in  case  of  necessity;  by  these  precautions  we  did  not  lose  one  workable 
day  between  Aug.  1  and  Nov.  14,  1910.     Another  important  consideration  is 
the  water  supply  which  must  be  not  only  pure  but  readily  accessible  and  quickly 
gott^i  from  the  supply  into  the  engine  tanks.     We  piunped  directly  from  a 
barrd  sunk^i  in  the  bed  of  a  brook  into  a  large  tank  placed  on  the  road  side, 
hic^  enough  to  fill  the  engine  tanks  by  gravity;  but  made  the  mistake  of  not 
having  our  outlet  from  the  large  tank  of  sufficient  size  to  fill  our  engine  tanks 
as  quickly  as  we  might  have  done,  and  d^ays  occured  at  the  tank  that  were 
needless  and  anoying.    Water  was  pumped  into  the  supply  tank  by  a  small 
(»e-cylinder  gasoline  p^unp  which  oi)erated  very  cheaply,  and  only  required 
the  services  of  the  engine  driver  to  start  and  stop  it  as  he  passed  on  his  trips. 
The  wages  paid  to  the  engine  crew  was;  Engineer,  $3.50  per  day;  fireman, 
SI .75  per  day,  steady  time  for  ten  hours  daily;  overtime  at  same  hourly  rate. 
The  fireman  operated  the  stone  spreadnig  cars,  making  the  spread  of  even 
thickness,   which  requires  considerable  experience  and  should  be  closely 
watched  by  the  overseer  as  the  tendency  is  to  spread  too  deeply,  and  super- 
fluous stone  would  have  to  be  removed  at  an  extra  expense.    Supervision 
in  our  case  was  figured  at  one-third  of  the  superintendent's  time,  or  $2.28  per 
day  with  no  extra  time  allowance.    Int^^st  and  depreciation  are  figured 
on  the  new  value  of  the  machinery — $5,050  on  June  1,  1909,  and  on  an  esti- 
mated life  of  four  years,  or  25  per  cent  depreciation  per  year,  with  an  interest 
cfaarge  on.  the  capital  invested  of  5  i)er  cent.    The  sum  of  the  interest  and 
depredation,  however,  are  figured  for  the  whole  year  and  divided  into  the 
days  that  we  actually  worked.     This  is  hardly  fair  to  the  machine,  as  it  might 
bave  done  more  days'  work  and  thus  reduced  this  item.    The  life  of  the 
machine  is  also  very  conservative,  and  probably  should  be  eight  to  twelve 
TMiB  instead  of  four  years. 
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The  following  tabulations  show  out  condusiohs  and  we  think  may  be  con- 
sidered quite  accurate.  I  have  not  thought  it  necessary  to  make  an  analysis 
of  the  repair  account,  which  consisted  of  castings,  bolts,  nuts,  valves,  pipe 
elbows,  engineer's  and  fireman's  time  and  many  small  items: 

Total  Oo8t  of  Operation — 93  days. 

Operating $    946. 67 

Repairs 310. 17 

Depreciation  and  interest 686. 15 

Supervision 239.40 

Total $2,181.39 

Analysis  of  Operating  Account. 

4.70  tons  coal  at  $4.60 .  $      21.16 

3.49  tons  coal  at  $6 17.45 

913.4  tons  coal  at  $3.26 297.77 

Water 66.27 

67  gal.  cylinder  oil  at  30  cts 20. 10 

30H  gals,  black  oil  at  9M  cts 2. 94 

333K  lbs.  grease  at  6K  cts 18.77 

71  lbs.  of  waste  at  7H  cts 6.35 

Engineer's  wages  on  operation 330.41 

Fireman's  wages  on  operation 164.83 

3K  gals,  kerosene  at  10  ots .35 

1  can  of  tar  at  28  cts .28 

Total $    946.67 

Daily  Expense. 

Supervision  wages $  2. 28 

Engineer's  wages 3 .  60 

Fireman's  wages 1 .  75 

Coal 3.65 

Cylinder  oil .21 

Black  oil  (gears) .03 

Grease  (cups  and  gears) .20 

Kerosene .003 

Tar .002 

Waste .06 

Depreciation 6. 417 

Interest. 0.961 

Repairs 3.33 

Total $22:293 

Tonnage  Hauled. 

August  1,  1910 1 .681 

Sept.  1,  1910 1 ,525 

Oct.  1,  1910 1, 176 

Nov.  14,  1910 284 

Total  tons 4,666 

Cost  Per  Ton  Hauled. 

Operation              945.67 $0,202 

4.666 

Repair                    310.17 0.066 

4,666 

Depreciation         696.78 0.128 

4,666 

Interest                    89.37  0.017 

4,666 

Supervision            239.40 0.051 

4,666 

Total $0,464  or  6.4  cts.  per  ton  mile. 

Extreme  haul,  9.44  miles.     Start,  5.00  miles. 

Average  length  of  haul.  7.22  miles  round  trip.  2.24  trips  daily;  200  trips,  or 
1,608.98  miles  in  93  days. 
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Costs  <if  Iflditstrial  Railway  in  Road  Building. — The  following  matter, 
given  by  R.  P.  Mason  in  a  paper  presented  before  the  Road  School  of  the 
University  of  Michigan  (March  1910),  is  published  in  Engineering  and  Con- 
tracting. March  5,  1919. 

The  conditions  necessary  for  the  successful  operation  of  an  industrial  raii> 
way  in  highway  construction  are  as  follows: 

First  fairly  level  country.  We  haul  30  car  trains  over  grades  up  to  3  per 
cent  and  have  worked  over  a  1,000-ft.  hill  of  5.1  per  cent  by  cutting  the  train 
in  tluree  parts  at  the  foot;  in  other  cases  we  have  used  a  rc^er  to  tow  up,  but 
many  such  hills  would  make  it  out  of  the  question.  If  the  hills  were  not  too 
frequent  other  power  could  be  provided. 

Second,  sufficient  and  continuous  supply  of  material.  As  sudi  an  outfit 
will  handle  a  large  daily  volume  (at  8  trips  per  day  300  yd.)  and  as  it  requires 
a  considerable  crew  to  keep  the  work  moving,  it  will  not  pay  if  there  is  much 
dday  in  the  d^very  of  road  material,  or  if  the  loading  facilities  are  inade- 
quate. I  am  considering  the  question  of  stock  piling  some  matreial  in  order 
to  ke^  going  when  deliveries  are  delayed,  but  this  presents  the  further  prob- 
lem of  loading  from  the  stock  pile.  Our  loader  gould  not  be  utilized 
and  another  rig  would  have  to  be  provided. 

Third,  a  considerable  mileage  to  be  constructed  from  one  set-up  to  avoid 
the  expense  of  numerous  moves.  We  figure  on  at  least  8  miles  at  (me  set-up 
4  miles  each  way.  If  the  road  is  continuous  and  the  move  is  only  from  the 
end  of  a  completed  section  to  a  point  4  miles  beyond,  the  mbting  cost  will  be 
a  completed  section  to  a  point  4  miles  beyond,  the  moving  cost  will  be  a 
minimum,  but  if  the  outfit  has  to  be  moved  to  a  distance,  the  cost  is  heavy. 
Our  maximum  haul  so  far  h&s  been  4  miles  as  we  have  been  fortunate  in  having 
our  work  along  the  railroad  with  frequent  stations.  Our  outfit  consists  of 
a  30-HP.  locomotive  with  underslung  tank,  60  iH-yd.  side  dump  steel  cars,  1 
tracklaying  car,  1  hand  car  and  4  miles  of  24-in.  gage  portable  track  with 
curves  and  switches.  The  track  is  30-ft.  rail  matde  up  in  15-ft.  sections  with 
7  ste^  ties  to  the  section. 

The  outfit  cost  about  $16,000.  We  depreciate  10  per  cent  on  all  the 
machinery,  but  only  5  per  cent  on  the  track  as,  at  the  end  of  10  years  the  sal- 
vage value  will  be  at  least  half  the  first  cost.  It  is  also  evident  that  thete  will 
be  considerable  value  in  the  rest  of  the  outfit  at  the  end  of  the  10-year  period. 
It  is  now  5  years  old  and  practically  as  good  as  new. 

Tracklaying  is  one  of  the  large  items  in  operating  and  this  will  vary  consider- 
atdy  according  to  the  character  of  the  soil.  In  swamp  sections  where  the 
shoulders  have  not  much  stability  it  is  necessary  to  shim  up  frequently  to  keep 
the  track  in  safe  condition,  but  on  a  firm  soil  such  as  sand  or  graved,  it  does 
not  need  much  attention  after  laying.  Our  cost  has  varied  from  $100  to  $150 
per  mile,  with  an  average  of  about  $132. 

When  the  outfit  is  also  used  for  grading  it  cuts  the  tracklaying  cost  as  the 
tntk  is  then  in  position  for  the  stone  work.  During  a  move  and  while  the 
maradam  work  is  on  the  short  haul,  some  of  the  cars  and  track  can  be  spared 
far  grading  without  delaying  the  other  work,  using  a  team  to  haul  the  train. 
Eqiedally  in  soft  sections  It  is  very  useful  and  in  heavy  cuts,  working  with  a 
mall  shovel  it  shows  great  economy.  The  fact  that  the  outfit  has  to  be  there 
uyway  should  be  considered  as  it  involves  no  transportation  to  and  froni 
thejob. 

Hauling  30  car  trains  and  loading  one  while  the  other  is  making  a  trip, 
Aould  admit  of  an  average  of  10  trips  per  day  on  a  haul  up  to  4  miles — 2 
12 
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miles  average  haul — and  we  have  made  this  at  times,  but  various  delays, 
principally  in  the  delivery  of  stone,  have  combined  to  cut  the  average  down 
to  8  trips.  I  think  the  train  should  average  6  trips  on  a  haul  up  to  8  miles 
as  the  delays  in  unloading  and  at  the  loader  would  be  less  and  it  would  only 
mean  an  average  of  48  miles  per  day  actual  running.  At  this  rate,  hauling  47 
tons  per  trip  would  equal  282  tons  per  day.  Speed  of  train  is  8  to  10  miles 
per  hour  and  time  of  unloading  10  to  15  minutes.  Time  of  loading  is  about  H 
hour,  but  of  course  this  does  not  delay  the  train.  At  times  when  our  stone 
supply  was  sufficient  we  have  averaged  over  400  yd.  per  day,  or  at  the 
rate  of  a  mile  of  road  built  in  6  days. 

The  following  costs  are  an  average  of  3  years,  1914,  1915  and  1916,  and 
cover  about  20  miles  of  16-ft.  macadam  construction: 

Per  cu.  yd. 

Tracklaying $0,055 

Engineer .  025 

Brakeman .  013 

Watchman .010 

Fuel 010 

Oil,  grease  and  wa^ .002 

Repairs .015 

Moving .026 

Total  operating $0. 155 

Depreciation .  055 

Interest .035 

Total  hauling $0,245 

Cost  per  yard  mile $0. 1226 

Cost  per  ton  mile $0,008 

Delivering  the  stone  on  the  road  as  above  affords  an  opportunity  of  keeping 
the  other  construction  costs  at  a  minimum.  Loading  with  an  elevator  ts 
about  the  cheapest  method  and  spreading  the  stone  with  a  road  machine  ts 
cheaper  than  by  hand  and  planes  the  road  at  the  same  time,  avoiding  minor 
inequalities  which  so  often  occur.  Rollers  and  sprinklers  are  kept  up  to  their 
full  capacity. 

The  other  costs  of  the  macadam  construction  follow: 

Per  cu.  yd. 

Loading $0. 070 

Spreadmg .160 

Sprinlding .  065 

RoUing .021 

$0,505 
Hauling  as  above .  246 

Total $0,750 

Portable  Railways  for  Hauling  Materials  for  Road  Construction.  —  The 
following  information  concerning  the  method  and  cost  of  operating  a  portable 
railway  <hi  road  construction  near  Lockport,  N.  Y.  is  given  by  Orenstein- 
Arthur  Koppel  Co.,  in  Engineering  and  Contracting,  March  14,  1914. 

The  equipment  consisted  of  about  four  miles  of  narrow-gage  portable  track, 
40  86  X  24-in.  dump  cars  and  two  5-ton  dinky  locomotives.  The  cars  were 
hauled  in  trains  of  12  cars  each,  the  arrangement  being  so  made  that  there 
was  always  one  train  of  loaded  cars  on  the  way  to  the  site  of  the  work,  one 
train  of  empties  returning  for  material  and  one  train  of  cars  being  loaded. 
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The  cars  were  loaded  from  over-head  bins  at  the  crusher  and  the  average 
amount  transported  was  80  cu.  yds.  per  day. 

Item —  Per 

Materiab:  Amount  cu.  yd. 

Fuel  and  oil  for  locomotives  and  care $8. 00  $0. 100 

Labor: 

2  engineers  at  $2.75 6. 60  0. 069 

2  hrakemen  at  S1.75. 3.50  0.044 

1  track  foreman  at  S3 3.00  0.037 

1  track  laborer  at  $1.75 1,75  0.022 

Totals $21.75  $0,272 


As  the  material  was  hauled  three  miles  the  imit  cost  was  9  cts.  per  cubic 
yard  per  mile.  The  average  cost'  of  grading  the  shoulder  or  berm  of  the 
road  ready  for  track  laying  and  lajring  track  was  between  2  and  3  cts.  per 
toot  of  track. 


CHAPTER  IV 
EXCAVATION  ECONOMICS 

The  matter  included  in  this  chapter  deals  with  the  economics  of  excavation 
and  does  not  give  costs  for  particular  kinds  of  work.  As  most  constructicni 
work  requires  excavation  at  some  stage,  by  referring  to  the  index,  under 
excavation,  itemized  costs  of  many  different  kinds  of  work  may  be  found. 

For  further  data,  on  cost  of  excavation,  the  reader  is  referred  to  Gillette's 
"Earthwork  and  Its  Cost,"  Handbook  of  Rock  Excavation"  and  "  Handbook 
of  Clearing  and  Grubbing." 

Rating  Table  for  Excavation  with  Pick  and  ShoveL — ^L.  K.  Sherman  gives 
the  following  data  in  Engineering  and  Contracting.  May  27,  1914. 

The  accompanying  diagram  and  tables  represent  the  amount  of  excavation 
of  various  materials  which  will  be  performed  in  a  ten-hour  day  by  the  average 
laborer  working  under  good  supervision.  In  making  this  compilation  the 
writer  has  compared  a  large  number  at  data  from  many  sources  with  figures 
obtained  in  his  own  experience  on  construction.  As  might  be  expected  there 
is  wide  divergence  in  such  published  data. 

The  curves  in  the  diagram  based  on  a  rational  relation  of  one  class  of 
material  to  another  as  regards  the  amount  of  work  or  power  required  in  pick- 
ing or  shovel  cutting  and  the  power  required  in  casting  up  materials  of  differ- 
ent weights.  The  output  of  excavation  is  proportional  to  the  amount  of  power 
or  work  required  to  move  a  cubic  yard  of  the  material.  Let  the  amount  of 
work  or  power  to  cut  into  and  fill  the  shovel  with  sand  be  called  unity.  Then 
for  other  materials  the  relative  power  to  cut  out  and  place  on  the  shovel  will 
from  experience  be  as  in  Table  I. 

Tabls  I. — Power  to  Pick,  Loosen  and  Cxjt  onto  Shovel 

Sand P-1.0 

Gravel,  loose P—1.5 

Earth,  medium P-2.0 

Clay,  light P  -  3.0 

Clay,  dry,  hard P  -  4.5 

Clay,  wet,  heavy P  —6.0 

Hard  pan P  -  6.0 

The  work  or  power  to  lift  or  cast  up  the  material  after  the  shovel  is  filled  is 

proportional  to  the  weight  of  material  and  height  cost  or  which  is  the  same,  the 

depth  of  cut.    Then  if  fT  is  the  weight,  the  relative  power  to  cast  up  material 

to  different  heights  H  will  be  as  follows: 

Sand W  H  where  W  -  1.0 

Gravel W  H  where  W  -  1  0 

Earth,  medium W  H  where  W  -  0.8 

Clay,  light W  H  where  W  -  1 . 1 

Clay,  dry W  H  where  W  -  1 . 1 

Clay,  wet W  H  where  W  -  1 .3 

Hard  pan W  H  where  W  -  1 .  12 

The  total  power  to  shovel  and  cast  any  material  is  P  +  WH.    The  output 

is  inversely  proportional  to  the  power  or  work  required.    The  output  of  any 

material  by  hand  excavation  in  cubic  yards  per  man  i)er  10  hours  is 

30 

Cubic  yards  = 

P  4-3  IF// 
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The  constants  30  and  .3  are  empirical  and  like  the  relative  values  of  P  have 
been  selected  to  correspond  with  the  best  data  available  on  excavation  of 
various  materials  at  different  depths  of  cut. 

The  curves  in  the  diagram  Fig.  1  are  platted  according  to  the  above  formula 
with  coefficieuts  P  and  W  as  previously  noted.  The  letters  represent  observa- 
UoDs  from  various  published  statements  and  are  not  equally  reliable  or  compar- 
able. The  curves  do  not  attempt  to  average  the  data  but  correspond  with  the 
writer's  experience  and  some  of  the  most  definite  of  the  published  data.  Table 
II  shows  the  number  of  cubic  yards  an  average  laborer  shoiild  excavate  and 
cast  out,  at  various  depths  in  ten  hours  while  working  at  the  depths  stated. 
Table  III  shows  the  average  number  of  cubic  yards  per  10-hour  day  than  an 
average  laborer  should  excavate  working  from  the  surface  to  the  depth  stated. 
This  figure  for  the  same  material  is  naturally  somewhat  greater  than  given  in 
Table  II.  These  figures  may  be.increased  by  30  per  cent  for  rapid  workers 
and  may  be  decreased  30  per  cent  for  inefficient  workmen.  The  foregoing 
material  may  be  now  definitely  classified  as  follows: 

Sand. — Weight,  3,000  lbs.  per  cubic  yard  slightly  damp.  In  natural  bed. 
Not  over  15  per  cent  clay. 

Oravel. — ^Weight.  3,000  lbs.  per  cubic  yard.    Loose,  as  excavated  material. 

Earth. — Weight,  2,400  lbs.  per  cubic  yard.  Slightly  damp,  in  natural 
bed,  easUy  plowed,  little  or  no  pick  work  required.  Would  require  some  sheet- 
ing in  trenches  over  6  ft.  deep. 

Clay  (light). — Weight,  3,300  lbs.  per  cubic  yard.  Slightly  damp,  easily 
plowed.  Not  stiff  or  very  cohesive,  corresponds  to  yellow  clay  lying  below  the 
black  soil  and  above  the  blue  clay  in  vicinity  of  Chicago.  Would  require 
some  sheeting  in  trenches  over  6  ft.  deep.    Little  pick  work  required. 

Clay  {dry,  hard). — Weight,  3,300  lbs.  per  cubic  yard.  Requires  pick  work 
equal  to  one-third  time  spent  in  shoveling  and  casting.  No  sheeting  required 
at  any  depth.  Corresponds  to  material  on  top  of  ravines  along  the  lake  shore 
in  Lake  County,  111.     Hard  plowing.    Abode  in  this  class. 

Clap  (wet). — Weight,  3,900  lbs.  per  cubic  yard.  Tough  and  cohesive,  has 
to  be  cut  out  in  pieces.  Slightly  sticky,  would  require  substantial  sheeting. 
Corresponds  to  the  underlying  "blue  clay"  of  Chicago.    Gumbo  in  this  class. 

Hard  Pan. — ^Weight,  3,360  lbs.  per  cubic  yard.  Requires  picking  equal 
to  one-half  the  time  spent  in  shoveling  and  casting. 

The  use  of  the  relative  coefficient  P  is  suggested  as  a  simple  and  definite 
means  of  describing  or  designating  any  class  of  earth  excavation. 

The  jog  in  the  curves  (Fig.  1)  at  depth  of  9  ft.  represents  an  allowance  of 
P  »  1  on  account  of  extra  labor  of  shovel  cutting  done  to  recasting  from  a 
platform.  As  a  matter  of  fact  no  recasting  may  be  done  at  the  9  ft.  depth  or 
even  14  ft.  depth  but  the  output  per  man  will  not  be  increased  over  the  quan- 
tity shown  by  the  diagram. 


Tabxjb  II. — Cubic  Yabds  Pbb  Man  Pbr  10  Hours  at  Statkd  Dkpths 

0  ft.  to  3  ft.  to  5  ft.  to  8  ft.  to  10  ft.  to 

3  ft.               5  ft.  8  ft.  10  ft.  15  ft. 

SMid 21.2             14.5  10.7  8.5  6.2 

Gnvel.  loose 15.4             11.8  9.2  7.7  4.9 

Bwth 12.8             10.5  9.0  7.5  4.9 

lilfatcUy 8.9               7.3  6.0  5.2  3.8 

Diyday 6.4               5.3  4.7  4.1  3,2 

WHday 5.4               4.7  4.2  3.6  2.7 

Haidpan 4.6              4.2  3.7  3.3  2.7 
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The  recorded  data  platted  on  Fig.  1  are  designated  by  a  letter  for  the  class 
of  material.  The  number  following  the  letter  refers  to  the  source  from  which 
the  data  were  obtained,  as  follows:  (1;  Americui  Engineers'  pocket  Book; 
(2)  Cost  Data,  Gillette;  (3)  Earth  Work  Cost,  Gillette;  (4)  L.  K.  Sherman; 
(5)  Windette.  Journal  West.  Soc.  Engrs.;  (6)  Concrete  Costs,  Taylor  & 
Thomi>son;  (7)  Orrock;  (8)  Prelini;  (9)  Engineering  and  Contracting  (Decem- 
ber, 1908),  Atlantic,  Iowa,  Sewers,  M.  A.  Hall;  Centerville,  la.,  Sewers,  M. 
A.  Halt;  (10)  Engineering  and  Contracting;  (11)  Engineering  and  Contracting. 

Application  of  Efficiency  Engineering  to  Shoveling. — The  following  abstract 
of  a  paper,  presented  before  the  Feb.  1919  meeting  of  the  A.  I.  M.  E.  at  New 
York,  by  G.  Townsend  Harley  is  given  In  Engineering  and  Contracting,  June 
18,  1919 

At  the  mines  of  the  Phelps  Dodge  Corporation  at  Tyrone,  N.  Mex.,  the  cost 
of  shoveling  in  all  stopes  during  1917  amounted  to  24  ct.  per  ton.  In  the 
top-slice  stopes  for  the  same  period  shoveling  cost  27  ct.  per  ton.  or  16  per  cent 
of  the  total  cost  of  these  stopes.  The  average  wage  per  laborer  shift  was  $2.67 
during  the  year  under  review.  The  tonnage  for  shovelers  from  all  stoping 
was  9.3  tons  per  man,  and  for  top-slicing  8.2  tons  per  man  per  day.  These 
stopes  were  not  unduly  hot,  and  there  was  not  more  than  the  usual  amount  of 
timber  to  Interfere  with  the  woik  of  the  men.  The  tonnages  obtained  per 
shoveler  were  considered  low;  first,  because  of  a  poor  grade  of  Mexican  labor, 
many  of  the  men  having  come  in  from  railroad-grading  camps;  and,  second, 
because  of  a  poor  spacing  of  raises,  especially  in  the  top-slice  stojiee,  where, 
in  general,  they  were  spaced  25  ft.  by  66  ft.  centers. 

Preliminary  SUps  far  Determining  Shoveling  Efficiency* — As  a  first  step 
toward  determining  how  the  general  efficiency  of  underground  shoveling<;ould 
be  improved,  several  weeks  were  spent  in  a  general  survey  of  the  field  and 
making  time  studies  on  various  men,  to  see  w^at  points  would  need  to  be 
d^ermined  for  a  full  consideration  of  the  subject.  The  following  factors  were 
soon  recognized:  The  type,  weight,  size,  and  design  of  shovel  giving  the  great- 
est shift  tonnage  without  too  much  wear  and  tear  on  the  man  would  have  to 
beTletermined ;  a  standard  of  comparison  would  be  necessary  if  the  ill  effects 
oS  mine  air,  powder  gas  and  smoke,  temperature,  humidity  and  poor  light  were 
to  be  estimated,  and  the  layout  and  spacing  of  chutes  would  have  to  be  studied 
with  regard  to  their  effect  on  shoveling  directly  into  the  chutes,  or  loading  into 
whe^barrows  or  cars  and  tramming  to  them.  This  latter  work  would  deter- 
mine the  proper  distance  at  which  shoveling  into  a  chute  should  cease  and 
loading  into  a  wheelbarrow  or  car  would  begin,  and  the  information  would 
also  be  of  greai,  value  in  planning  the  development  of  a  stope.  Further  con- 
dderations  were:  Hindrances  to  work,  such  as  timber  standing  in  line  of 
throw  or  dosely  spaced,  and  men  and  supplies  passing  back  and  forth  through 
working  space;  manner  of  placing  the  shovelers  to  obtain  maximum  results 
from  them,  number  of  men  in  one  working  place,  and  size  of  working  place 
tequired  per  man;  the  hours  of  actual  work  and  the  cause  and  amount  of  delays ; 
capadty  of  a  man  for  work  as  the  day  progresses;  proper  rest  i)eriods  for  men 
to  maintain  maximum  efficiency;  best  means  for  instructing  men  and  super- 
▼iang  work,  and  compensation  received  and  manner  of  payment. 

Three  types  of  shovels  were  in  general  use  at  the  mines:  A  No.  2  scoop,  a 
No.  2  or  No.  3  square-point  D-handle  shovel,  and  a  No.  2  round-point  long- 
tttodle  shovel.  In  determining  the  average  load  that  the  various  types  and 
lim  tit  shovels  would  handle,  so  as  to  be  able  to  decide  the  best  load  for  the 
ftverage  Mexican  laborer  of  the  Southwest,  average  capacities  were  obtained 
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by  repeatedly  shoveling  a  weighted  pile  of  ore  with  each  of  the  shovels  and 
counting  the  number  of  shovel  loads  required  to  move  it.  It  was  determined 
that  with  Burro  Mountain  ore  a  specially  made  shovel  with  a  10  by  13-in. 
blade  would  hold  a  21-lb.  load,  or  363  cu.  in.  In  practice,  however,  a  No.  4 
square-point  shovel  holding  373  cu.  in.  and  a  No.  5  round-point  shovel  holding 
340  cu.  in.  were  used. 

A  time-study  sheet  was  developed,  which  was  used  for  all  tests.  In  addition 
to  the  data  placed  on  this  sheet,  an  extensive  log  of  the  work  was  carried  on, 
which  undertook  to  explain,  in  detail,  all  delays,  changes  of  work,  rest  periods, 
clianges  in  conditions  that  would  affect  speed,  high  and  low  efficiency  periods 
during  the  day,  and  other  points  to  be  considered. 

Motion  Studies  Establish  Standard  Time  and  Performance  of  Structures. — 
During  the  period  of  preliminary  work,  it  was  discovered  that  the  work  oi  a 
shoveler  can  be  classified  into  several  divisions,  each  susceptible  to  compre- 
hensive study  and  analysis,  and  to  each  of  which  a  definite  relative  time  value 
can  be  given. 

These  divisions,  in  general,  may  be  classified  into  time  spent  actually  shovd- 
ing,  time  spent  other  than  shoveling,  delays  and  resting  periods.  By  studying 
each  motion  separat^y,  it  was  possible  to  establish  a  standard  time  for  each, 
and,  consequently,  a  standard  of  performance  for  the  whole.  It  was  possible, 
also,  to  discover  which  were  the  most  tiring  motions  and  how  each  was  affected 
by  length  of  time  worked,  length  and  distribution  of  rest  periods,  size  of  shovel 
design  of  shovel,  and  length  of  throw. 

To  obtain  some  standard  of  comparison  for  the  underground  work,  some  of 
the  mine  shovelers  were  brought  to  the  surface  and  a  record  of  their  work  was 
made  under  ideal  conditions;  that  is,  with  good  air,  good  light,  no  timber  to 
interfere,  steady  shoveling  for  various  lengths  of  time  and  standard  lengths 
of  throw  for  the  muck.  In  addition  to  obtaining  the  comparison  standard, 
it  was  possible  to  form  definite  conclusions,  which  were  later  checked  satis- 
factorily under  actual  conditions  in  the  mine,  as  to  the  most  advantageous 
size,  type,  weight,  and  design  of  shovels  for  general  mine  use,  under  the  various 
conditions  encountered . 

Tests  of  Shoveling  Performance. — Tests  were  carried  on  for  two  months, 
three  different  shovelers,  taken  from  the  mines,  being  observed.  Each  of 
these  men  was  warned  that  he  had  to  work  at  his  best  speed,  all  during  the 
job.  but  that  he  was  not  to  overtax  himself.  He  was  told  that  when  he  became 
tired  he  was  to  take  a  few  moments'  rest,  as  it  was  better  for  him  to  rest  at 
intervals  than  to  try  to  work  all  the  time,  at  the  expense  of  speed  and  capacity. 
Later  the  rest  periods  were  regulated,  to  obtain  the  proper  intervals  at  which 
they  should  occur,  and  their  length. 

All  of  the  underground  shoveling  tests  may  be  classified  under  one  of  three 
headings:  Shoveling  directly  into  chutes;  shoveling  into  wheelbarrows  and 
tramming  to  chutes,  and  shoveling  into  cars  and  tramming  to  chutes.  Each 
of  these  series  was  conducted  independently  of  the  others,  and  was  complete 
in  itself.  The  men  imder  observation  worked  for  periods  varying  from  1  to 
8  hours,  and  for  each  length  of  job  they  threw  or  trammed  the  muck  over  a 
wide  range  of  distances,  with  various  tjrpes  and  sizes  of  shovds.  In  all  the 
underground  tests,  the  work  was  done  under  the  actual  mining  conditions, 
with  the  one  exception  that  the  men  were  always  under  observation,  and, 
consequently,  were  working  at  a  good  speed  for  the  full  period  of  the  test.  In 
no  case  did  the  men  overtax  themselves,  and  it  Ls  believed  that  all  tonnages 
recorded  are  easily  obtainable  by  a  good  but  not  exceptional  Mexican  laborer 
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The  average  tonnage  per  hour  to  be  expected  of  a  man  throwing  the  muck  a 

distance  of  8  ft.  over  any  period  of  time  is  shown  in  Fig.  2.    Experiments  to 

determine  the  total  tonnage  shoveled  for  any  period  over  the  same  distance 

showed  that  for  a  job  lasting  5  hours  and  30  minutes,  with  a  No.  4  shovel 

underground,  a  man  wouM  be  expected  to  shovel  26.0  tons  a  distance  of  8  ft. 

Five  representative  tests  actually  gave  the  following  tonnages  under  average 

conditions: 

Tonnage 

Length  of  job  5  hours  and  40  minutes 28 . 0 

Length  of  job  5  hours  and  10  minutes 23 . 0 

Length  of  job  5  hours  and  25  minutes 26. 0 

Length  of  job  5  hours  and  50  minutes 34 . 0 

Length  of  job  5  hours  and  30  minutes 25. 0 - 

Average,  5  hours  and  30  minutes,  average 27 . 4 

Comparison  of  Work  Done  with  Scoop  and  by  Shovel. — A  careful  study  of  Fig. 
3  shows  the  following  conditions:  (1)  The  diflference  in  tonnage  handled  by  the 
same  shovel,  on  the  surface  and  underground,  for  any  length  of  job,  is  the 
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Fig.  2. — Average  tonnage  shoveled  per  hour. 


measure  of  the  bad  effects  of  underground  conditions.  For  a  job  of  6  hours 
and  12  minutes,  with  a  No.  4  shovel,  the  undergroimd  work  is  20.5  per  cent 
less  than  on  surface.  (2)  The  difference  between  the  amounts  shoveled  with 
the  No.  2  scoop  and  the  No.  4  shovel,  under  same  conditions,  is  the  measure 
of  the  effect  of  the  difference  in  load  handled  by  the  man.  (3)  Each  line  on 
this  chart  shows  a  peak  at  some  particular  length  of  job,  and  the  total  tonnage 
shoveled  for  any  greater  period  than  this  is  actually  less.  (4)  The  presence 
of  tills  i>eak  accords  with  the  experience  of  many  superintendents  and  man- 
agers, who  state  that  their  men  do  more  work  in  an  8-hour  day  than  they  did 
on  the  old  10-hour  basis.  (5)  The  "economic  shoveling  day"  is  about  6H 
hours,  with  a  No.  2  scoop  on  the  surface,  and  5H  hours  underground.  With 
a  No.  4  shovel,  on  the  surface  8  hours  is  about  the  proper  length  of  day. 
whereas  imderground  6H  hours  seems  to  be  about  correct.  As  the  men 
actually  shovel  only  6H  hours  per  day  on  an  average,  and  as  their  other  work 
is  generally  of  a  light  nature,  the  8-hour  day  with  the  correctly  proportioned 
shovel  is  probably  the  best;  but  with  a  scoop  it  is  certainly  too  long.  (6)  For 
work  on  the  surface,  on  jobs  lasting  longer  than  4li  hours,  the  No.  4  shovel  is 
superior  to  the  scoop.    Underground  the  No.  4  shovel  demonstrates  its 


EXCAVATION  ECONOMICS  187 

lupwlority  for  jabs  longer  tban  3H  houra.  The  scoop  thus  ma;  be  cod- 
■k  shovel  tor  sbort-time  Jobs,  but  even  here  its  volje  Is  only 
Bllghll7  ereat«r  than  the  No.  4  shorel  and  tt  tine  the  mui  so  that  hs  Is  unfit 
le  stioTellng  task  is  flulBhed. 


Length  of  Job  in  Hours 

iion  of  work  of  No,  2  seoop  and  No.  4  shovel. 


W  —  wcdgbt  of  load  on  shovel,  in  pounds; 
N  ~  number  of  ahov^a  per  minute ; 
P  —  per  cent  time  actual!;  BhoTe'inc;: 


l^ 
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la  *  length  of  job,  in  minutes; 

T  -  total  tonnage  shoveled; 

n  B  number  of  shovels  per  minute  for  an  8-ft.  throw; 

p  »  per  cent  increase  or  decrease  due  to  various  lengths  of  throw. 
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Fig.  4. — Capacity  of  shoveler  using  wheelbarrow  for  various  jobs. 


In  using  the  No.  4  D-handle  shovel  H  was  discovered  that  a  tlurow  of  3  ft. 
to  the  wheelbarrow  gave  the  best  results  as  far  as  number  of  shovels  per 
minute  and  rest  periods  required  were  concerned,  and  in  all  subsequent  work 
the  ore  was  thrown  Into  the  wheelbarrow  from  this  distance.    For  any  length 
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distance  to  malntalD  between  cat  oDd  ore  pile  in  order  tbat  a  man  might  woric 
to  the  best  advantage.  Owing  to  the  height  of  the  car,  the  capacity  of  a 
ahoveler  is  decreaaed,  aa  mmpared  to  hia  capacity  in  shovels  per  minute  when 
loading  into  a  wheelbarrow.  This  decrease  in  Bhovellng  speed  amounts  to 
about  8  per  cent  per  loot  <d  height.    The  best  type  of  car  for  a  ahoveter  to  use 


balds  about  a  fam  of  ore.  Is  as  low  as  Is  oonalatent  with  good  design — certainly 
not  over  4S  In.  hi  height — ^and  la  equipped  with  roller  bearioga,  which  should 
he  kept  In  the  best  ol  condition.     Cars  much  larger  than  this  are  too  hard  to 

tram  and  cars  much  smaller  use  up  too  much  of  th«  shovtfer'a  "         """ 
back  and  forth, 

To,nna|i«  la  be  Exptettd  Inula-  Aimei  Sl%ofiit%o  C 
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the  tonnage  to  be  expected  of  a  man  mucking  into  a  car  and  tramming  a  con- 
stant distance,  for  various  lengths  of  jobs.  It  will  be  noticed  that  the  eco- 
nomic shoveling  day  is  between  7  and  8  hours  long,  and  that  the  nuLTimiinn 
average  results  to  be  expected  of  a  mine  shoveler  under  the  given  conditions 
have  probably  been  reached.  The  tonnage  to  be  expected  under  average 
shoveling  conditions  during  a  uniform  shoveling  day  of  6  hours  and  12  minutes 
and  for  any  distance  that  the  ore  must  be  thrown  or  trammed  is  shown  in 
Fig.  6.  The*graph  representing  the  tonnage  to  be  expected  of  a  man  with  a 
wheelbarrow  may  not  be  ^itirely  correct,  especially  as  the  length  of  tram 
increases.  On  the  other  hand,  the  wheribarrow  is  generally  used  where 
neither  direct  shoveling  nor  the  use  of  a  car,  with  its  attendant  track  expense, 
is  feasible;  consequently,  the  wheelbarrow  is  always  at  work  under  adverse 
conditions  in  a  stope,  and  no  improvements  over  the  results  here  tabulated 
are  to  be  expected. 

The  calculation  of  tcmnage  to  be  expected  when  tramming  either  with  a 
car  or  wheelbarrow,  for  any  length  of  job  and  distance  trammed,  is  expressed 
In  the  following  formulas: 

Let  W  =  weight  of  load  on  shovel,  in  pounds; 
N  —  number  of  shovels  per  minute; 
P  =  per  cent  of  time  actually  shoveling; 
L  B  length  of  job,  in  minutes; 
T  »  total  tonnage  shoveled; 
a  »  time  to  load  one  car  or  wheelbarrow; 

b  «  time  to  tram  and  dump  one  car  or  wheelbarrow,  in  minutes; 
c  ^  load  on  one  car  or  wheelbarrow,  in  pounds; 


W  >;n 


=  a 


a  +  b 


(c  XPj 


2000 

Effect  of  Size  of  Shovel  or  Scoop  on  Shoveling  Captutty, — ^To  determine 
the  relative  wearing  qualities  and  the  cost  per  ton  for  supplying  the  men 
underground  with  new  shovels,  different  places  in  the  mines  were  equipped 
with  different  makes  and  styles  of  shovels,  and  the  results  carefully  noted. 
At  frequent  intervals  these  shovels  were  measured  to  detect  the  wear  of  each 
blade,  and  checked  up  to  see  that  all  were  being  used  in  the  proper  places 
underground ;  the  tcmnage  coming  from  each  place  and  the  number  of  shovelers 
employed  were  also  noted. 

Tests  were  conducted  with  square  and  round-point  shovels  varying  in 
size  from  No.  2  to  No.  6  and  with  standard  No.  2  scoops,  to  determine  what 
size  of  shovel  was  best  adapted  to  the  work.  For  short  jobs  of  less  than  4 
hours'  duration,  the  No.  2  scoop  and  the  No.  5  and  6  shovels  were  slightly 
superior  from  the  standpoint  of  tonnage  handled;  but  for  jobs  requiring 
more  than  4  hours  for  th^  completion,  the  No.  4  shovel  was  greatly  superior. 
From  the  standpoint  of  "number  of  shovels  per  minute,"  work  with  a  scoop 
is  at  all  times  slower  than  with  a  No.  4  shovel,  and  as  the  day  progresses  the 
percentage  of  time  required  for  resting  becomes  greater  with  the  scoop  than 
with  the  shovel.  The  result  is  that  although,  for  short  work  periods,  the 
larger  capacity  of  the  scoop  brings  the  total  tonnage  handled  above  that  of  a 
No.  4  shovel,  for  long  periods  the  increased  amount  of  rest  required  when 
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handling  the  heavier  load  serves  to  put  the  No.  4  shovel  considerably  in  the 
lead  as  a  tonnage  mover.  In  general  it  may  be  said  that  for  shovels  smaller 
than  the  21-lb.  load  shovel,  the  tonnage  handled  per  shift  is  approximately 
directly  proportional  to  the  shovel  capacity;  that  is  if  a  man  using  a  No.  4 
shovel  will  handle  26  tons  in  an  8-hour  shift,  with  a  No.  3  shovel,  which  holds 
01  Iter  cent  of  the  load  of  a  No.  4  shovel,  he  would  be  expected  to  shovel  about 
24  tons  a  shift.  If  the  increased  cost  of  shoveling  with  a  smaller  shovel,  or 
one  that  has  been  worn,  is  balanced  against  the  cost  per  ton  of  putting  a  new 
shovel  underground  and  discharding  the  old  one,  it  will  indicate  economic 
limit  of  wear  of  the  shovels  in  use. 

Design  of  Shovel  Beat  Adapted  to  Mining  Work. — The  design  of  shovel  which 
was  considered  as  being  the  best  adapted  to  mining  work,  conforming  to 
conditions  under  which  the  tests  under  review  were  made,  should  hold  21  lb. 
of  broken  ore  as  an  average  load.  Both  the  square  and  the  round-top  blades 
should  be  of  standard  shape,  of  No.  15  gage  at  the  point,  and  of  such  composi- 
tion that  the  shovel  will  handle  not  less  than  1,100  tons  of  medium  hard  ore 
when  shoveled  off  a  wooden  mat.  All  blades  should  be  of  the  plain-back  type 
without  rivets,  the  back  strap  being  welded  to  the  blade.  Only  best-grade, 
second-growth,  northern  white  ash  should  be  used  for  the  handle,  which 
should  be  bent  to  the  proper  shape  and  dimensions.  On  short-handle  shovels, 
the  Dirigb,  or  split  D,  handle  is  preferred,  as  it  is  much  stronger  than  the 
ordinary  D  handle. 

How  to  Obtain  Oreateat  Shoveling  Efficiency. — To  obtain  the  highest  shovel- 
ing efficiency  underground,  every  man  hired  as  a  shoveler  should  be  in  a 
particular  stope  or  working  place  that  is  directly  in  charge  of  a  shoveUng 
boss.    This  boss  should  have  had  considerable  experience  in  shoveling. 

Economic  Choice  of  Shovels  for  Construction  Work. — C.  W.  Hartley  in 
Engineering  and  Contracting^  March  31,  1015,  gives  the  results  of  a  study 
made  to  indicate  the  economic  choice  of  shov^  for  handling  different  classes 
of  material,  from  which  the  following  is  taken. 

It  is  the  custom,  or  has  been  in  the  past,  among  many  large  contracting 
firms  and  companies  in  New  York  City  employing  a  great  number  of  laborers 
on  trench  work,  to  require  the  men  to  furnish  their  own  shov^.  The  princi- 
pal reason  for  this  is  claimed  to  be  that  shovels  furnished  by  the  employers 
are  very  rapidly  lost  or  stolen.  While  this  may  be  true,  it  would  appear  that 
such  procedure  is  a  false  economy,  as  I  shall  endeavor  to  show. 

Frank  B.  Gilbreth,  in  his  work  on  " Motion  Study"  (page  50)  says: 

No  worker  should  ever  be  obliged  to  furnish  his  own  tools,  if  large  output  is 
expected.  When  workmen  are  obUged  to  furnish  their  own  tools  (due  to 
their  having  too  much  thrift,  lack  of  money,  or  fear  of  having  them  stolen)  they 
usually  use  one  size  only  of  the  same  kind  of  tool.  On  many  kinds  of  work, 
greater  output  can  be  obtained  by  using  two  or  more  sizes  of  a  tool. 

Again,  where  workmen  furnish  their  own  tools,  they  use  them  after  they  are 
too  much  worn.  A  shovel  with  a  worn  blade  will  require  several  motions  to 
push  it  into  the  material  to  fill  it.  It  is  cheaper  in  this  case  to  cut  off  the 
handle  of  the  shovel,  so  that  the  men  cannot  use  it.  Where  no  records  are 
kept  of  their  individual  outputs,  the  men  always  choose  the  shovel  with  the 
small  blade. 

The  statements  contained  in  the  last  paragraph  quoted  have  been  most 
strikingly  forced  upon  the  writer's  attention  by  reason  of  the  following  dis- 
covery: 

In  a  gang  of  38  men,  at  work  in  a  trench,  with  shovels  furnished  by  them- 
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selves,  it  was  found  that  92  per  cent  were  using  the  smallest  size  shovel  on  the 
market,  a  No.  2,  while  the  remaining  8  per  cent  were  using  the  next  size  larger, 
a  No.  3.  These  shovels,  as  wiU  be  shown  later,  are  incapable  of  holding  near 
the  amount  of  material  (if  it  be  earth)  that  shoulc^  constitute  a  shovelful.  It 
was  further  observed  that  50  per  cent  of  these  men  were  using  shovels,  the 
blades  of  which  were  worn  down  approximately  3  ins.  from  the  point,  ot 
until  but  little  over  half  the  original  blade  remained. 

By  critical  time  observations  it  was  demonstrated  that  the  men  using  the 
worn  shovels  worked  no  faster  than  those  using  the  good;  further,  that  men 
will  shov^  at  i^proximately  the  same  speed  whether  they  are  working  with 
a  No.  2  shov^,  or  a  No.  4,  and,  as  a  general  rule,  will  fill  the  blade  full  when- 
ever possible  to  do  so.  This  being  the  case,  it  is  self-evident  that  the  use  of 
small  or  worn  shovels  will  entail  the  handling  of  less  material,  as  follows: 

A  No.  2  shovel,  in  good  condition,  was  found  by  many  trials  to  hold,  as  an 
average  load,  13  lbs.,  the  material  being  common  loam  or  earth,  loose  and  dry. 
This  same  size  shovel  worn  dowp,  as  were  half  of  those  in  use  by  this  afore- 
mentioned gang,  was  found  to  hold  but  7  lbs.  of  earth  or  loam,  which  is,  as  will 
be  noted,  only  one-third  the  amount  Taylor  has  shown  to  be  productive  of  the 
greatest  shoveling  efficiency. 

These  same  data  were  obtained  for  shovels  of  other  sizes,  namely  No.  3, 
No.  4.  and  No.  5.  and  Table  IV  gives  the  results  of  the  tests  made  to  determine 
the  average  amount  of  earth,  sand,  and  stone  that  constitutes  a  shovelful. 

Tablb  IV. — Shovel  Loads  of  Vabious  Matbbials  in  Pounds  fob  Shovels 

OF  Different  Sizes 


Dimensions 
of  blade* 
Number       (inches) 

2 9Hhyl2H 

3 9Hhyl3H 

4 Wbyl3K 

5 lOH  by  14^ 


-Worn- 


■New 


Earth      Sand 


7.0 


9.0 


stone 
7.0 


Earth 

13.0 
15.5 
18.0 
22.0 


Sand 

14.5 
17.0 
19.0 
22.5 


stone 

9.5 
11.0 
12.0 
15.5 


I 
I 


It  has  been  my  observation  that  the  shovel  most  used  in  general  contracting 
wo^  is  a  No.  2,  whether  it  is  supplied  by  the  employer,  or  by  the  laborer. 
That  this  is  the  fact  is  due,  probably  (in  the  case  of  the  employer),  to  lack 
of  consid^«tion  of  the  subject,  and  also  to  the  fact  that  the  use  of  this  parti- 
cular size  is  sanctioned  by  custom. 

It  will  be  noted,  from  Table  IV  that  the  No.  4  and  No.  5  shovels  approach 
most  neuiy,  in  the  amount  of  material  handled,  the  21-lb.  load.  For  trench 
and  general  shoveling  work,  however,  the  No.  5  is  a  trifle  wide  and  cumber- 
scnne.  ^viiile  the  No.  4,  though  appearing  large  and  heavy  in  comparison  with  a 
No.  2.  we  found  to  be  well  adapted  to  use  in  the  trench.  Fortified,  therefore, 
with:  the  data  presented  at  the  beginning  of  this  paper,  it  was  decided  to  equip 
the  laborers  in  the  ccxistruction  department  with  the  No.  4  shovels,  and  at  the 
beginning  of  the  season,  in  April,  1914.  this  was  done. 

To  quote  from  a  report  presented  to  the  chief  engineer: 

I  find  that  we  started  the  season,  on  April  15,  1914,  with  606  round-pointed 
No.  4  shovels,  and  150  square-pointed  No.  4  shovels,  or  a  total  of  756. 

At  the  present  time,  Nov.  10, 1914,  there  are  at  the  storeyard  311  round  and 

92  square  shovels,  leaving  295  round  and  58  square,  or  a  total  of  353  shovels 

and  during  the  season.     Of  these  353  shovels,  57  have  been  returned  as  worn 

out,  and  there  are  at  present  251  in  use  on  the  work.    The  majority  of  these 
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shovelB  now  in  use  show  considerable  signs  of  wear,  and  might  well  be  classed 
as  worn  out,  so  we  have  a  total  of  308  shovels  worn  out  during  the  season. 
This  leaves  45  shovels  to  be  accoimted  for  as  lost,  stolen,  broken,  etc. 

In  a  season  of  168  working  days  (up  to  the  first  of  November)  therefore, 
we  have  used  353  shovels,  or  an  average  of  2.10  per  day.  These  shovels  were 
of  two  different  grades,  costing  $8.60  and  $5.25  per  dozen,  respectively.  The 
fact  that  the  higher  priced  shovels  outwear  the  lower  has  not  been  apparent, 
however,  at  least,  not  sufficiently  so  as  to  warrant  the  difference  in  cost. 

Assuming,  for  sake  of  argument,  that  all  the  shovels  cost  us  72  cts.  apiece 
(or  at  the  rate  of  $8.60  per  doz.)  we  find  that  it  has  cost  $1.51  per  day  to  supply 
our  laborers  with  these  No.  4  shovels.  The  daily  average  number  of  laborers 
at  work  during  the  season  was  178,  and  the  cost  of  tbe  shovels  per  man  per 
day  was  therefore  .85  cts. 

It  was  shown,  by  my  previous  reports,  that  the  use  of  a  No.  4  shovel,  in 
place  of  a  No.  2,  increased  the  efficiency,  and  consequently  the  output  of  the 
shov^er,  approximately  27  per  cent.  While  it  is  practacally  impossible,  on 
our  work,  to  figure  the  actual  increase  in  yardage  shoveled,  the  balance  seems 
to  be  unquestionably  in  favor  of  the  No.  4  shovel.  The  cost  of  these  shovels, 
as  shown  above,  was  less  than  1  ct.  per  man  per  day,  and  there  can  be  no  doubt 
but  that  their  use  effected  an  increase  in  output  far  greater  than  that  amount. 

The  item  of  45  shovels  lost,  .stolen,  or  imaccounted  for  is  worthy  of  note.  As 
remarked  before,  the  statement  has  been  made  that  shovels  furnished  by  the 
employer  are  lost  and  stolen  in  great  numbers.  The  fact  that  out  of  a  total 
of  353  shovels  used  by  178  men  through  a  season  of  over  five  months,  only  45, 
or  a  percentage  of  12.7,  were  unaccounted  for,  would  tend  to  refute  the 
argument. 

There  may  be  some  who  might  question  the  practicability  of  equipping  with 
the  No.  4  shovel  a  number  of  men  who  have  never  used  any  other  than  a  No. 
2.  This  was  done,  however,  and  without  the  offering  of  any  explanation,  or  a 
bonus  for  increased  output.  Such  a  step  quite  naturally  created  a  great  deal 
of  comment  and  discussion  among  the  men,  for  a  few  days,  but  after  that  time 
they  apparently  forgot  that  they  were  using  a  shovel  which  would  hold  half 
as  much  again  as  the  one  to  which  they  had  been  accustomed. 

A  Study  of  the  Application  of  Scientific  Management  to  Trenching. — The 
following  is  a  portion  of  an  abstract,  of  a  paper  by  B.  M.  Ferguson  before  the 
Michigan  Qas  Ass'n.,  Sept.,  1911,  given  in  Engineering  and  Contracting,  Nov. 
29,  1911. 

"High  Wages  and  Low  Labor  Cost"  is  Mr.  Taylor's  theme  of  scientific 
management.  To  increase  the  entire  working  efficiency  of  any  industrial 
establishment,  by  putting  into  the  hands  of  the  management  exact  knowledge 
of  how  long  it  takes  to  do  work,  and  carefully  selecting  and  training  men  for 
each  particular  kind  of  work,  together  with  improved  methods  of  operation 
and  a  reward  or  bonus  going  to  tbe  operator,  workman,  mechanic,  or  laborer 
for  an  extra  hard  day's  work,  is  the  essence  and  direct  object  of  the  Taylor 
System  of  Scientific  Management.  "An  extra  hard  day's  wOTk"  must  not 
be  interpreted  as  meaning  that  men  shall  be  worked  to  their  limit  of  capacity 
or  beyond  that  rate  of  speed  which  a  man  can  maintain  daily  and  throughout 
the  year.  It  simply  means  a  full  day's  work  minus  the  time  lost  due  to  the 
evils  comiected  with  day  work  or  the  older  and  less  efficient  systems  of  man- 
agement and  the  handling  the  labor. 

The  writer  was  assigned  the  task  of  studying  the  Taylor  system  with  a  view 
of  testing  its  applicability  to  gas  manufacture  and  distribution.    A  little  study 


EXCAVATION  ECONOMICS 


ind  Investigation  will  develop  the 
fact  that  >ii'<"n  and  icienlific  or 
tgicitney  monoffemtnl  find  just  as  big 
■  add  of  application  in  the  gBs  huai- 
mea  aathe;  do  In  any  other  Indus- 
trial enterprise.  What  la  necessary 
is  a  tharougb  Investigation  of  the 
working  cooditiooa.  and  Blinioludv 
ot  all  the  elements  entering  Into 
each  particular  kind  of  walk  under 
consideiation. 

The  Street  Dapattment,  or  more 
alrictl;  speaking  the  laying  ol  mains 
and  servioee.  ofTered  the  most  prolific 
field  ot  Investigation  to  begin  with, 
dnce  upwarda  ol  400  men  were  en- 
gaged in  thla  kind  of  work.  With 
the  aid  of  a  stop  watch  and  note 
book  the  following  data  were 
gatlier«l^Table  V: 

The  time  tor  removing  this  dirt 
was  much  (00  slow,  and  this  for  the 
following  reasons: 

1.  The  working  capacity  of  the 
different  men  varies  greatly  due  to 
lack  c^  experience,  old  age,  and  a 
diTw  natural  gait  acquired  by  years 


2.  Good  men,  natural-bom  work- 

1 

•HH.  and  capable  of  much  work,  are 

slowed  down  or  work  at  the  pace  set 

Q 

ss 

by  the  men  neit  to  them. 

1 

3.  Men  will  soldier  at  Bveiy  op- 

Ht 

portunity.       They    wiU    work    at   a 

s 

stands  over  them  and  watches  them. 

o 

but  Just  as  soon  as  he  turns  his  beck 

P 

■ad  leaves   tbe  gang,  the  men  will 

;*ck»  a  crew  of-  mixed  natloniJlHee 

for  each  other  as  much  as  possible. 

{ 

Two  days    later,    after  upending 

most  of  tlie  time  with  the  gang,  I  laid 

ofl  14   10-rt.  sections,  and  thned  the 

H 

mai  on  each  section,  wltb  the  results 

a 

given  m  Table  VI; 

H 

■9 

The      average      would     be     69.8 

II 

mtauitw.      Tbe    two   men    digging 

nctlons  4  and  5  are  good  men  and 

•5 -3 

■otic  fast.     They  could  eadly  earn 

ga 

».»)  per  daf  on  the  basis  of  «2  tor 

P 

a 

1-1- 


1    \i 

15       -A 
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the  averagre  man.  All  the  men  knew  that  I  was  watching  them  closely, 
and  hence  worked  more  steadily  than  they  would  have  had  I  not  been  there. 
I  marked  the  sections  off  for  them  at  the  start,  and  measured  them  at  the 
finish.  Of  course,  there  is  always  some  variation  in  soil,  and  temperature 
conditions  have  a  good  deal  to  do  with  the  manner  in  which  the  men  can  work 
It  grew  hotter  in  the  afternoon,  and  the  men  naturally  weakened  a  little. 

Similar  observations  were  made  with  another  gang  working  on  the  lajrin 
of  a  4-in.  main  on  Cameron  Ave.,  north  of  Woodland. 

Number  of  hours  digging:     84.  Yards  of  dirt  removed:  86.85  «  .967  bou 
or  58  minutes  per  yard  as  the  average  of  17  men  digging. 

When  I  came  to  this  job  I  told  the  foreman  that  I  was  doing  some  inspect! 
for  the  Street  Department.    When  he  saw  me  taking  notes  in  my  book  i 
frequently  looking  at  my  watch,  he  began  to  push  the  men  along,  mutter 
to  them  in  their  own  language,  most  of  them  being  Polish.     He  complai 
about  the  short  run  jobs,  and  said  it  was  difficult  to  know  how  to  place 
men.    The  soil  here  is  softer  than  that  on  Jefferson  Ave.,  but  wet  and  hea 
below  the  first  foot  or  two.    In  two  different  places  the  banks  caved  in  in 
same  half  block,  while  nothing  like  this  happened  on  Jefferson  Ave.  in  a1 
four  blocks  or  more. 

Ratio  of  Time  Required  to  Dig  and  Throw  One  ShovelftU  of  Dirt  to  the 
Required  to  Backfill  One  Shovel  of  Dirt. — Allowing  for  variation  in  soil  of  se 
by  considering  the  section  as  composed  of  H  Bott  soil  and  H  harder  soil 
multiplying  observed  times  by  this  ratio: 

On  Jefferson  avenue,  1  ft.  below  surface: 

Mean  time  per  shovel 11.5    st 

Do.,  3  ft.  below  surface: 

Mean  time  per  shovel 16. 41  s' 

11.5  X  >f-        3.83 

16.41  X  H  ^  10.95 

14.  78  seconds  per  shovel. 

Mean  of  51  other  observations  taken  at  random,  13  seconds  per 
Average  of  the  two  (about),  14  seconds: 

Time  per  shovel  on  backfilling: 
8-in.  mam  gang  (mean  of  180  observations),  5  seconds. 
4-in.  main  gang  (mean  of  190  observations),  4.8  seconds. 

Time  required  to  dig 14  ^  „  « 

Time  required  to  backfill .  .  5 

or  a  yard  of  dirt  should  be  thrown  back  in  .357  times  required  to  di 
Talcing  the  following  as  the  average  cross-section:  One  cubic  yar< 
lin.  ins.  or  .928  lin.  yds.     Total  time  required  to  dig  and  backfill  .92'^ 
of  ditch  of  the  above  section  «  59  minutes  digging  +  16.5  minutes  b: 
or  75.5  minutes  per  cubic  yard. 

Soil  fairly  hard,  weather  warm  but  not  hot.     Nos.  1026,  1031,  i 
and  1027  received  bonus  on  the  basis  of  l}i  hours  overtime  ($1 .  30  i 
$1)  for  each  21-ft.  section  dug.     No.  1655  was  not  a  very  good  \^ 
it  was  too  much  physical  exertion  for  him  to  keep  up  his  pace, 
showed  no  special  signs  of  fatigue,  and  were  quite  satisfied  to  appl. 
effort  for  the  bonus  offered.     (Table  VII.) 

No.  1031  said  he  disliked  "  Piece-work,"  so  took  him  off.  No.  it 
hard  sections  at  a  good  rate  but  claimed  too  much  was  wanted  for 
In  the  afternoon,  he  slowed  down  (Table  VIII ).    His  particii 
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were  harder  than  the  average  on  account  of  the  many  tree  roots  and  this 
necessitated  the  use  of  the  piclc  and  axe  quite  considerably.  No.  1026,  who 
is  the  best  worker  in  the  gang,  also  slowed  up  in  the  afternoon,  but  more  on 
account  of  the  influence  of  the  other  men  than  any  other  reason.  The  foreman 
had  always  given  them  9-f  t.  sections  to  dig,  and  consequently  the  larger  sections 
were  not  very  popular  at  the  start.  For  this  reason  I  made  the  sections 
smaller  temporarily.  ^ 

Digging  of  the  Average  Man  Under  Close  Supervision. — Soil  rather  hard,  and 

ditch  located  about  5  ft.  from  row  of  trees.    Digging  in  the  morning — Table  IX . 

• 

(1)  Average  time  per  yard  for  good  men,  47.3  minutes. 
(2;  Average  time  per  yard  for  average  men  57.4  minutes. 

(3)  Average  time  per  yard  for  good  men  with  bonus,  38.3  minutes. 

(4)  Average  time  per  yard  for  good  men  without  bonus,  59.3  minutes. 

Amount  of  work  done  by  bonus  men  =  1.51  times  work  done  by  average 
man.  This  is  equivalent  to  $3.03  on  a  basis  of  $2  per  day.  The  bonus 
allowed  was  three  hours  overtime,  making  the  day's  pay  $2.60  instead  of  $2. 
On  the  basis  of  60  minutes  for  the  average  man  and  40  minutes  per  yard  for 
the  bonus  man,  the  men  would  be  doing  an  excellent  day's  work.  Even 
allowing  this  bonus  for  work  at  the  rate  of  45  minutes  per  yard  ($2.66  on  the 
basis  of  $2)  would  pay  because  of  the  influence  of  the  good  men  on  the  other 
men. 

Method  of  Keeping  Cost  of  Earthwork  so  as  to  Show  the  Daily  Unit  Cost 
of  Each  Gang. — W.  A.  Gillette  in  Engineering  and  Contracting,  July  24, 1912, 
gives  the  following: 

Every  dirt  moving  contractor  knows  the  difficulty  of  ascertaining  the  unit 
cost  of  excavation  during  its  progress,  that  is,  before  he  secures  his  monthly 
estimate.  I  venture  to  say  that  not  one  contractor  in  fifty  knows  closely  the 
cost  per  cubic  yeard  of  the  earth  he  moved  yesterday  or  last  week,  unless  it 
was  moved  in  cars  or  wagons.  Even  then  few  contractors  have  adequate 
records  of  daily  output. 

Some  time  ago  I  conceived  the  idea  that  I  would  have  my  timekeepers 
"keep  tabs"  on  the  number  of  loads  hauled  by  each  gang  during  a  period  of 
about  20  minutes  during  the  forenoon  and  for  an  equal  period  in  the  afternoon. 
Upon  these  two  relatively  short-time  records,  I  determined  to  base  an  estimate 
of  the  full  day's  work  of  each  gang  and  io  test  the  accuracy  of  this  method  by 
comparison  with  the  monthly  estimates  based  on  the  engineers'  cross-sections. 
I  was  astonished  at  the  accuracy  of  my  estimates  of  yardage.  The  first 
month  I  moved  about  70.000  cu.  yds.,  and  my  estimate  was  about  5  per  cent 
higher  than  the  engineers'  estimate.  The  next  month  I  was  about  an  equal 
amount  too  low,  so  that  I  checked  almost  exactly  with  the  engineers  on  the 
total  yardage  of  the  two  months. 

The  timekeeper  was  given  a  statement  of  the  estimated  size  of  load  of  each 
kind  of  scraper  and  wagon.  Thus,  a  No.  2H  wheeler  was  estimated  to  hold 
one-third  cubic  yard,  measured  in  place.  A  three-up  dump  wagon  was  esti- 
mated to  average  1^  cu.  yds.  Fresnos  were  estimated  at  different  capacities, 
according  as  the  pull  was  up  hill,  or  down  hill,  or  level;  and,  in  some  cases,  it 
might  be  desirable  to  vary  the  estimate  according  as  the  haul  is  short  or  long. 

The  important  new  feature  of  this  method  of  cost  keeping  is  the  practice 
of  counting  the  loads  hauled  by  every  gang  during  at  least  two  periods  of  the 
day.  One  timekeeper  can  cover  a  lot  of  ground  if  he  is  provided  with  a 
saddle  horse;  and  thus  can  report  the  output  of  a  great  many  separate  gangs. 
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His  report  is  made  out  duly  for  each  gang,  and  he  also  makes  a  sunmiarized 
total  daily  cost  report  for  all  the  gangs. 

By  following  this  plan  I  was  able  quickly  to  discover  that  my  wheeler  work 
was  costing  more  than  my  fresno  work.  I  also  saw  at  once  that  for  hauls  of 
more  than  about  150  ft.,  the  cheapest  method  was  to  load  wagons  with  fresnos 
through  a  trap. 

Mediods  of  Analysis  of  Costs  of  Steam  Shovel  Work. — The  following 
matter,  published  in  Engineering  and  Contracting,  Dec.  13,  1911,  is  an 
abstract  of  pages  5  to  30  of  " Handbook  of  Steam  ^ovel  Work"  a  report  by 
Construction  Service  Co.,  to  the  Bucyrus  Co. 

There  are  so  many  factors  entering  into  steam  shovel  work  that  the  problem 
of  determining  the  details  of  cost  seems  at  first  highly  complex,  but  syste- 
matic analysis  has  resulted  in  so  simplifying  it  that  any  man  of  field  experience 
ought  to  be  able,  with  the  help  of  the  data  contained  in  these  pages,  to  put  his 
ahovei  work  on  a  scientific  basis.  To  determine  what  the  work  is  costing  day 
by  day,  is  half  the  problem;  to  determine  what  it  ought  to  cost  is  the  other 
half. 

To  establish  these  factors  it  was  necessary  to  observe  a  large  number  of 
shovels  in  operation,  and  the  data  given  are  the  results  of  the  observation  of 
neariy  50  di£Ferent  shovels  at  work  in  various  kinds  of  earth  and  rock. 

The  unit  costs  of  working  by  hand  will  be  nearly  the  same,  field  conditions 
being  equal,  whether  the  job  is  a  large  one  or  compiaratively  small.  The 
steam  shovel  is  dependent  for  its  work  upon  so  many  factors,  any  one  of  which 
may  greatly  help  or  hinder  it,  that  there  is  a  far  greater  diversity  of  results 
than  in  the  case  of  handwork.  The  question  of  how  much  work  there  must  be 
to  economically  justify  the  use  of  a  steam  shovel  is  vital  in  a  large  percentage 
of  all  excavation  contracts. .  To  answer  it,  simply  calculate  the  total  cost, 
including  the  cost  of  installing  the  plant,  and  divide  this  by  the  number  of 
cu.  yds.  of  material  to  be  handled. 

General  Conditions. — Repair  costs  should  be  apportioned  to  the  work  rather 
than  considered  a  function  of  the  age  of  the  shovel.  It  will  be  higher  for  rock 
than  earth  and  hlglftr  for  i)oorly  broken  rock  than  lor  well  blasted  material, 
lime  alone  doesn't  affect  the  unit  cost  of  repairs. 

In  the  item  of  depreciation  the  reverse  of  this  proposition  obtains.  Ti  the 
machine  be  kept  in  proper  repair  the  .depreciation  is  effected  by  time  alone, 
regardless  of  the  work  the  machine  is  doing.  Many  concerns  class  this  item 
and  repairs  under  one  account,  but  this  practice  is  inaccurate  and  misleading. 
There  is  a  great  disagreement  among  accountants  as  to  how  depreciation 
should  be  figured  and  there  are  many  so-called  depreciation  formulae  and 
curves.  The  simplest  to  use,  and  one  which  for  steam  shovel  work  is  satis- 
factory if  proper  allowance  is  made  for  repairs,  is  the  "right-line  formula," 
which  is  as  follows: 

(a  -  b)c/d      ^ 
X  B  ,  where     a  =  original  value, 

*  b  ==  value  on  removal, 

c  =  time  in  use, 

d  -  estimated  life, 

X  -  %  of  depreciation. 

Then  X  divided  by  the  output  for  the  period  c  will  be  the  cost  of  depreciation 
pv  unit  of  performance. 
The  working  life  of  a  shovel  may  be  assumed  to  be  20  years,  and  assuming 


ti 
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the  first  cost  at  $150  per  ton,  and  its  scrap  value  at  $10  per  ton,  the  value  for  X 
with  a  lO-year-oid  shovel,  would  be 

10 
($160  -  $10)  X   — 

-  46.67%  in  the  10  years  otAH  %  per  year. 

$150 

The  inUreH  on  all  money  invested  in  the  work  must  be  included  in  the 
costs  of  the  work.    In  this  discussion  the  interest  is  assumed  as  6  per  cent. 

The  height  of  bank  to  which  a  shovel  can  work  has  an  important  bearing 
upon  the  costs.  The  reason  for  this  is  that  the  higher  the  bank  the  larger 
amount  of  material  that  can  be  removed  without  moving  the  shov^. 

Formula. — The  following  analysis  of  steam  shovel  work  is  based  on  the 
results  of  observations  of  about  50  shovels  at  work.  The  wages  of  the 
different  dasses  of  men  were  standardized  as  listed  below  for  purpose  of  analyt- 
ic^ comparison.  In  connection  with  this  analysis  the  accompanjring  curves  of 
cost  are  useful  in  enabling  a  rapid  estimate  to  be  made  of  the  approximate  cost 
of  steam  shovel  work  in  progress  or  proposed: 

d  o  time  in  minutes  to  load  1  cu.  ft.  with  dipper  (place  measure), 
c  <*  capacity  of  1  car  in  cu.  ft.  (place  measure). 
f  a  time  shovel  is  interrupted  while  spotting  1  car. 
e  »  time  shovel  is  interrupted  to  change  trains. 
g  ="  time  to  move  shovel. 
L  "  distance  of  1  move  of  shovel. 
N  -  niunber  of  shovel  moves. 

M  »  minutes  per  working  day  less  time  for  accidental  delays. 
A  or  B  -  area  in  sq.  ft.  of  section  excavated. 

R  »  cost  in  cents  per  cu.  ft.  on  cars,  for  shovel  work  only  (place 

measure) . 
LAN  »  cu.  ft.  excavated  per  day. 

C  »  shovel  expense  in  cents  in  1  day,  not  including  superintendence 

and  overhead  charges  and  not  including  preparatory  charges, 
n  *  number  of  cars  in  train. 

(1)  Time  to  load  1  car  »  dc. 

(2)  Time  to  load  1  train  -  ndc  +  nf  +  e. 

LA 

(3)  Number  of  trains  for  1  shovel  move  —  — 

nc 

(4)  Time  between  beginning  of  1  shovel  move  and  beginning  of  nest* 

.       LA 

(ndc-fnf-fe) +  g. 

nc 

M 
(6)  N 


(.      e\LA 
dc  +  f+-)- 


+  g 


27Cd        27C/f         e  g\ 

M  M  \c        nc        lA/ 

This  is  equivalent  to  the  equation  R  »  md  +  b. 

27C 

(7)  Where  m  -  --— ,  and 

M 

(8)  b  -  m  (-  +  -  +  ~  ) 

\c       nc      LA/ 
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eais  that  the  equation  R  •  nvl  +  b  la  that  of 
aincB  the  equatton  in  =  vr^™'  b  »  ml  -  +  —  +  -—■  \i 


I  straight  line.   Now 

the  equation  excepting  d  «te,  or  are  assumed  to  be,  constant.    Tbe  data 
m  the  value  of  these  quantttiea  have  been  represented  in  graphic  forni 
li  all  influeneing  factors  by  the  Figures  7  lo  10  Incl. 
The  following  atandarde  hare  been  assumed  for  a  shovel  valued  at,  say 


Depreraation.  iH% 


AHumiaii  year  of  150'  worfcing  days. 

Shovel  runner 

Cmneman 


if"' 


team  haoling  coal,  water,  e 


,  Hday,  My,  attS.OO. 


working  days  per  y«a 


h  as  lack  of  » 


work,  1 


,  ISO 


e  -  Average  tiroe 
n  —  Number  of  cara  per  train, 
c  -  Capacity  of  care  In  cubic 
r  —  Time  lo  spot  one  car. 
&  -  Capacity  of  caia  In  cubic 


greatly  with  local  conditii 
.TA  FOB  Use  with  Cost  Cubvks 
d  In  ordinary  contracting  work  with  side  dump 
;rf  la  Interrupted  to  change  trains, 
(place  mueasure). 


— ValuH 


Mm. 


M         7G       B7. 2  ti 


|eofe,n,e,f,o',  as  folio 


ng.  7  indicates  Uie  tune  to  load  1  cu.  yd.  place  measure,  In  various  kinds  ol 
Buleriai.  Fig.  8  deals  with  the  guantltits  e,  average  time  ^ovel  is  Inter- 
Tupted  to  diange  trains.    For  UH  in  plotting  the  equation  above,  those 
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iTerase  values  of  e,  a.  C  emd  I  invdved  In  ordlnar;  (Mntraetlns  wodc  where 
side  dump  cars  aie  uaed.  have  been  tabulated  separately  In  Table  X.  II 
will  tbere  be  seeD  that  the  average  value  tor  e,  the  time  betwemi  trahli  la 
4  mhiuteB.  The  averaee  number  of  cars  per  train,  or  n  >  10,  The  com- 
monest fonn  of  contractora'  dmnp  car  la  4  yards  wat«r  measure  or  2,6  yotda 
place  meanuie,  and  therefore  c  Is  taken  aa  STG  cubic  feet.  Tbe  ardinaiy 
value  of  t  is  zero,  since  the  cars  are  almost  Invariably  spotted  while  the  shovd 
Is  swloglug  and  dlgslng.    Fig,  B  deals  with  the  value  of  M  or  the  working 


Fio.  0, — Diaeram  for  uu  with  oost  aurvea. 

lically  in  per  ceot  of  total  time  per  day.     Values  of  "M" 
«ri.m,     f  o  find  "M"  lake  valus plotted  below  Bubtract 


10  boun). 


multjply  leAult  by  total  working  ti' 


time.  iDcludins  actual  shovel  time  waiting  for  trains  and  moving  up,  but  not 
■cddcDlal  delays.  Fig,  10  deals  with  ttie  time  of  moving  up,  an  average 
nlue  tor  which  is  S  minutes. 

The  constants  baving  thus  bera  «etablished,  three  sets  of  curves  have  been 
plotled,  Figs.  II,  12  and  13,  wUch  are  cost  curves.  Each  plate  U  pIotl«d, 
wttb  one  of  the  thre«  values  of  LA  1,S00,  3,000  and  6,000  cu.  ft.  (L  being 
the  iverase  shovd  move,  S  ft.  and  A  the  area  ot  the  dug  section  In  sq.  ft.) 
Each  of  these  sets  of  curves  has  been  plotted  for  values  of  M,  ranging  from 
3  hn.  to  lo  bra.  by  hourly  intervals  between  which  intervals  the  observed 
valun  (see  Table  X)  faU. 

Suxmaiing. — There  are  two  Important  uses  to  which  these  cost  curves  can 
coOToiiaitly  be  put.  <1)  estimating  the  cost  of  proposed  work  and  <2)  check- 
Ing  up  the  cost  of  work  under  way.  In  estimating  we  may  proceed  as  follows; 
A^uming  that  the  proposed  work  is  to  be  a  railroad  cut  in  rock,  with  average 
equipment,  there  are  then  only  three  quantiliea  to  decide  upon,  namBly.  LA. 
X7d.  ud  M.    The  area  of  the  shovel  section  being  assumed  at  £60  sq.  ft,  and 
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the  Kvraage  distance  of  move  b^ag  «t  ft..  LA  will  equitl  1,600  cu.  tt.  Nv 
refer  to  Pig.  7  and  select  b  fair  value  for  the  time  of  loading  1  cu.  rd.  In  roc 
woik.  Suppose  30  seconds  be  chosen.  Next  lefer  to  Fl);.  9  for  the  propi 
nlue  at  M  to  uae  In  lork  work.  The  average  value  la  S  bra.  (go  per  cent  < 
10  hra.)..    The  cost  per  jrard  In  cents  can  now  be  read  directly  OD  coat  cum 


Fl(.  II,  With  abaclssa  (27d)  as  30  seconds  glance  upward  till  the  vntical  lln 
through  30  seconds  intersects  the  S  hr,  M  tine.  Then  on  (be  left,  op[>osl( 
*!■  point  of  Intersection  read  9H  centa  as  the  cost  per  CU.  yd.  loaded,  ptac 

It  may  be  noted  here  that  with  leipect  to  the  two  important  Items  of  tim 
to  Imd  I  cu.  yd.  with  dipper  and  values  of  M,  the  cost  curvee  are  perfect!; 
KolUe.    Variation  in  the  vidue  of  the  craistantK  may  be  allowed  for  by  prope 
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choice  of  M«  In  connection  with  the  formula  it  Lb  interesting  to  note  the  efifect 
of  decreasing  the  carrying  capacity  of  each  train,  other  conditions  remaining 
the  same.  Suppose  the  carrying  capacity  be  decreased  from  the  average 
10  X  2.5  yds.  >»  25  cu.  yds.  to  8  X  2  »  16  cu.  yds.,  place  measure,  what  would 
be  the  effect  upon  the  cost  per  cu.  yd.  The  new  cost  would  be  10.6  cts.  per 
cu.  yd.  as  against  the  former  9H  cts.,  an  increase  of  10  per  cent. 

To  use  the  cost  curves  for  checking  up  the  cost  of  woric  in  progress,  proceed 
as  follows:  The  field  operations  are  few  and  simple.  Find  the  average  time 
per  dipper  swing.  Knowing  the  rated  capacity  of  the  dipper  and  the  charac- 
ter of  the  material,  a  glance  at  the  tabulation  near  the  top  of  Fig.  7  will  give 
the  ratio  of  dipper  capacity  place  measure,  to  dipper  capacity,  water  measure 
and  by  using  this  factor  the  average  factor  of  dipper,  place  measure,  can  be 
obtained,  and  thence  the  time  to  load  1  cu.  ft.  or  yard.  Suppose  for  instance 
the  average  time  per  swing  to  be  25  seconds,  in  earth  material,  and  the  capacity 
of  dipper,  2K  yds.  On  Fig.  7,  under  ratio  of  place  measure:  water  measure, 
we  find  the  average  value  is  given  as  0.53.  Therefore,  2^  X  0.63  =  1.2  cu. 
yds.  per  swing  or  2.88  cu.  yds.  per  minute  or  0.35  minute  per  cu.  yd.  Make 
some  rough  measurements  to  determine  the  approximate  area  of  the  shov^ 
section  and  multiply  this  area  by  the  length  of  move,  and  get  LA,  say  3,000. 
Then,  from  previous  observations  or  by  an  estimate  of  M,  get  the  time  worked 
per  day,  less  accidental  delays,  say  9  hours.  Now  take  the  cost  curves.  Fig. 
12,  and  with  21  as  abscissa,  read  opposite  the  line,  for  M  »  Ohrs.,  6  cents  as 
the  cost  per  yard,  place  measure.  If  the  contents  in  the  formula  do  not 
agree  close  enough  with  the  actual  conditions,  allow  for  this  by  choosing  a  suit- 
able value  of  M,  or  substitute  directly  in  the  equation  for  cost. 

It  should  be  noted  that  the  above  does  not  include  superintendence  or 
overhead  charges  and  cover  only  the  cost  of  loading.  It  should  be  particularly 
noted  that  for  plotting  the  two  co-ordinates  certain  assumptions  are  necessary 
because  there  are  a  large  number  of  variables  in  the  theoretical  steam  shovel 
formula.  Thus,  the  three  plates  are  given — one  for  LA  «  1,500,  one  when 
LA  is  3,000  and  one  where  it  is  6,000.  Also  an  assumption  of  $57.04  for  the 
value  of  C  is  made.  Where  the  shovel  differs  very  much  in  type  from  the 
one  mentioned,  or  where  the  rates  of  wages  are  very  different  from  those 
assumed,  it  will  be  necessary  to  compensate  for  the  difference  between  the 
new  value  of  C,  and  the  one  used  here.  The  easiest  way  to  do  this  is  to 
multiply  the  figures  taken  from  the  diagram  by  the  ratio  between  the  new 
value  of  C  and  the  assumed  one.  Thus,  if  the  shovel  costs  per  day  are  $65 
instead  of  $57.04,  and  the  diagram  should  give  a  cost  for  loading  of  12  cents, 
we  would  have  for  our  charge  12  cents  multiplied  by  $65  and  divided  by 
$57.04  or  13.67  cts.  per  yard. 

The  general  arrangement  of  working  is  a  feature  which  receives  great 
attention  from  skillful  managers;  the  "old  line"  contractor  comes  on  a  job 
and  looks  it  over  from  the  seat  of  his  buggy,  deciding  on  the  ground,  where  he 
will  begin  operations  and  how  he  will  transport  the  material  from  the  shoves. 
The  modem  manager  undertakes  a  job  much  as  a  professor  attacks  a  mathe- 
matical problem.  Sometimes  there  is  only  one  place  to  "cut  in"  and  only 
one  way  to  handle  the  earth  or  rock,  but  generally  there  are  several 
places  to  cut  in  and  many  ways  available  for  handling  the  material.  If  there 
were  only  3  ways — and  there  are  seldom  less  than  23 — he  is  a  bold  man  who 
would  decide  offhand  which  is  unquestionably  the  best  of  the  three,  until 
an  economic  study  has  conclusively  established  the  facts. 

The  quality  and  amount  of  superintendence  will  greatly  affect  the  unit  costa 
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of  tbe  work:  and  by  niperintendence  la  meant,  not  only  the  man  in  charsi 
but  his  wbole  dlrectlns  orgaiilzatlon.  Tlie  work  in  the  iron  ore  country  la  x 
onmple  of  the  work  which  may  be  accomplished  In  the  way  of  skilled  organ: 
nlioil.  Pure  observation  alone  without  actual  thnlng  wilt  not  show  a  supei 
Inlendent  wbetiier  it  la  more  econooilcal  tor  Mtk  to  use  9  car  or  10  car  train 
to  haul  material  away  from  his  shovel.  He  will  generally  favor  the  use  c 
long  trains  U  his  enclnes  will  haul  them.  Yet  money  haa  been  saved  b. 
ihortening  trains  even  when  the  eiigCnea  could  easily  haul  the  longer  onea,  I 
this  case  the  ke;  to  tbe  situation  waa  the  time  required  to  dump  and  tranapon 


CHAPTER  V 

CONCRETE  CONSTRUCTION 

This  chapter  la  comprised  of  articles  deallog  with  the  ecoaomlcs  of  plain 
and  reinforced  concrete,  In  Eeoenil.  For  cosia  on  particular  typea  of  eonatnic- 
tlon  the  reader  ia  referred  to  chapters  of  this  volume  covering  the  subject  in 
queatlou  and  to  the  Index  at  the  back  of  the  book.  Further  costs  on  concrete 
conatructlon  may  be  found  In  "Concrete  Construction  Methods  and  Cost" 
br  QiUette  and  Hill  and  "Uandbook  of  Cost  Data"  by  Gillette. 


Fechrs  exprcved  in  bb>s  amenfcuijdiaapdanashnt^epffuknfon 
sin^anilifsmrai'/ptrctntii^es.  Mix  HiCfnenfptrW.  tej/MMcuft 

Fia.  1. — Diagram  for  obtainiDS  int^rpoUted  values  of  Factors  when  the  voids 
in  either  of  the  cgaree  aggregaWs  vary  from  a  multiple  of  S  per  cent.      Mix 

Value  ol  DeteimiDini  Void  Percentages  in  Coarse  Aggregate  for  Concrete.^ — 

W.  G.  Crandall  gives  the  (ollowiog  discussion   In   Municipal   and   County 
EnelneeriDg,  Dec.  1919. 
In  the  New  York  Stale  Highway  Department,  it  has  been  and  la  the  cuBtom 
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1  obtiinlng  the  ci 


0.84  cu,  yd,  stooe,  and  0,42  cu.  yd.  Band  aa  the  tactora  to  iise 
yard  price  (rf  coDciete.  laaBmucb  as  the  percentage  of 
8  delenninee  the  value  ol  the  (acton,  and  a  variation 
In  the  factors  moftiia  a  difference  In  the  cubic  yard  cost  of  coDCiete.  It  would 
ftem  that  a  field  lavestigation  of  the  voids  in  the  aggregates  would  warrant 
itself,  to  determine  whether  or  not  a  contractor  would  Increase  ordecreaaehla 
Mds  on  the  en^oeer's  estimate  of  the  concrete  pavement  by  varying  the 


nrt^  ptrtenhges-  > 


1:1^:3. 

factors,  all  other  Items  In  the  analynla  being  considered  equal  for  the  purpose 
it  comparison.  Before  wniklng  out  a  comparative  analysis  to  show  In 
ddUara  and  cents  what  thto  difference  means.  It  is  necessary  to  explain  the 
Kcompanying  tablea  and  curves. 

Tablet  and  Cvrvet. — The  tables  show  the  quanllcleB  In  1  cu.  yd.  o(  concrete 
buedon  3.8  cu.  ft.  cement  per  barrel  tor  proportions  of  1:2:4  and  l:l<^:3,tbe 
iwo  mbea  tised  by  the  New  York  Stale  Highway  Departmeot  In  concrete 
it  cmutruction. 
puipoee  of  tiiese  tables  Is  to  show  at  a  glance  what  proportions  of  coarse 
le  aggregate  to  use  for  either  of  the  above  mhtea,  based  on  the  void  per- 
w  in  the  coarse  aggregatee.  In  the  tables,  the  sand  voids  range  from 
0  45%  and  the  atone  voids  from  30%  to  60%  hy  increments  of  6%  and 
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the  accompanying  curves  are  used  to  obtain  interpolated  values  of  factors 
when  the  voids  in  either  of  the  coarse  aggregates  vary  from  a  multiple  of  5%. 
The  tables  and  curves  show  also  the  cubic  yard  and  percentage  excess  of 
cement  in  sand  and  mortar  in  concrete. 

Table  I. — QuANrrnss  in  one  Cubic  Yard  of  (1:2:4  Mix)  Goncbbtb  Based 

ON  3.8  Cu.  Ft.  Cement  pbb  Bbl. 


-Voids- 


— Cement —    Sand    Stone 


-Surnlus- 


8and     Stone  BBla.  C.  Y.  C.  Y.   C.  Y. 


Cement  in  sand— Mortar  in  stone 
%  comp.  %  comp. 

C.  Y.     to  sand     C.  Y.     to  stone 


25 
30 
35 
40 
45 
25 
30 
35 
40 
45 
25 
30 
35 
40 
45 
25 
30 
35 
40 
45 
25 
30 
35 
40 
45 


30 
30 
30 
30 
30 
35 
35 
35 
35 
35 
40 
40 
40 
40 
40 
45 
45 
45 
45 
45 
50 
50 
50 
50 
50 


1.34 

1.36 

1.39 

1.42 

1.45 

1.39 

1.42 

1.45 

1.48 

1.51 

1.45 

1.48 

1.51 

1.54 

1.58 

1.51 

1.54 

1.58 

1.61 

1.66 

1.58 

1.61 

1.66 

1.69 

1.73 


.189 
.192 
.196 
.200 
.204 
.196 
.200 
.204 
.208 
.213 
.204 
.208 
.213 
.217 
.222 
.213 
.217 
.222 
.227 
.233 
.222 
.227 
.233 
.238 
.244 


.377 
.385 
.392 
.400 
.408 
.392 
.400 
.408 
.417 
.426 
.408 
.417 
.426 
.435 
.444 
.426 
.435 
.444 
.455 
.465 
.444 
.455 
.465 
.476 
.488 


.755 
.768 
.784 
.800 
.816 
.784 
.800 
.816 
.833 
.851 
.816 
.833 
.851 
.870 
.889 
.851 
.870 
.889 
.909 
.930 
.889 
.909 
.930 
.952 
.976 


.005 
.077 
.059 
.040 
.020 
.098 
.080 
.061 
.041 
.021 
.102 
.083 
.064 
.043 
.022 
.106 
.087 
.067 
.045 
.024 
.111 
.091 
.070 
.048 
.024 


25.2 

20.0 

15.1 

10.0 

4.9 

25.0 

20.0 

15.0 

9.8 

4.9 

25.0 

19.9 

15.0 

9.9 

6.0 

24.9 

20.0 

15.1 

9.9 

5.2 

25.0 

20.0 

15.1 

10.1 

4.9 


.245 
.231 
.216 
.200 
.184 
.216 
.200 
.184 
.167 
.149 
.184 
.167 
.149 
.130 
.111 
.149 
.130 
.111 
.001 
.070 
.111 
.091 
.070 
.048 
.024 


32.5 
30.0 
27.6 
25.0 
22.5 
27.6 
25.0 
32.5 
20.0 
17.5 
22.5 
20.0 
17.5 
14.0 
12.5 
17.5 
14.0 
12.5 
10.0 
7.5 
12.5 
10.0 
7.5 
5.0 
2.5 


Table  II. — Quantitibs  in  One  Cubic  Yard  of   (1:1H:3  Mix)  Concbktb 

Based  on  3.8  Cu.  Ft.  Cement  Peb  Bbl. 


-SurpluB- 


%  Voids Cement —    Sand    Stone  -Cement  in  sand — Mortar  in  stone 

%  comp.  %  comp 

Sand     Stone   Bbla.   C.  Y.  C.  Y.  C.  Y.      C.  Y.     to  sand     C.  Y.      to  stone 


25 
30 
35 
40 
45 
25 
30 
35 
40 
45 
25 
30 
35 
40 
45 
25 
30 
35 
40 
45 
25 
30 
35 
40 
45 


30 
30 
30 
30 
30 
35 
35 
35 
35 
35 
40 
40 
40 
40 
40 
45 
45 
45 
45 
45 
50 
50 
50 
50 
50 


1.68 
1.71 


1. 
1. 
1. 
1. 
1. 
1. 
1. 


74 
78 
81 
74 
78 
81 
85 
1.88 
1.81 
1.85 
1.88 
1.92 
1.96 
1.88 
1.92 
1.96 
2.00 
2.05 
1.96 
2.00 
2.05 
2.09 
2.14 


.237 
.241 
.245 
.250 
.255 
.245 
.250 
.255 
.260 
.265 
.255 
.260 
.265 
.270 
.276 
.265 
.270 
.276 
.282 
.288 
.276 
.282 
.288 
.294 
.301 


.355 
.361 
.368 
.375 
.382 
.368 
.375 
.382 
.390 
.397 
.382 
.390 
.397 
.405 
.414 
.397 
.405 
.414 
.423 
.432 
.414 
.423 
.432 
.441 
.451 


.710 
.723 
.736 
.750 
.764 
.736 
.750 
.764 
.779 
.795 
.764 
.779 
.795 
.811 
.828 
.795 
.811 
.828 
.845 
.863 
.828 
.845 
.863 
.882 
.902 


.148 
.133 
.116 
.100 
.083 
.153 
.137 
.121 
.104 
.086 
.159 
.143 
.126 
.108 
.090 
.166 
.149 
.131 
.113 
.094 
.172 
.155 
.137 
.118 
.098 


41.7 
36.8 
31.5 
26.7 
21.7 
41.6 
36.5 
31.7 
26.7 
21.7 
41.6 
36.7 
31.7 
26.7 
21.7 
41.8 
36.8 
31.6 
26.7 
21.8 
41.6 
36.6 
31.7 
26.8 
21.7 


.290 
.277 
.264 
.250 
.236 
.264 
.250 
.236 
.221 
.205 
.236 
.221 
.205 
.189 
.172 
.205 
.189 
.172 
.155 
.137 
.172 
.156 
.137 
^118 
.008 


40.8 
38.3 
35.0 
33.3 
30.9 
35.9 
33.3 
30.9 
28.4 
23.8 
30.9 
28.4 
25.8 
23.3 
20.8 
25.8 
23.3 
20.8 
18.3 
15.9 
20.8 
18.3 
15.0 
13.4 
10.9 
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For  1:H:  3  mix  use  1.9  bblB.  cement,  0.84  ou.  yd.  stone  and  0.42  ou.  yd.  sand. 

Cement  S2.61  at  1.9 $  4. 77 

Stone  $2.70  at  0.84 2.27 

Sand  $1.70  at  0.42 71 

Manipulation 2. 50 

Water  and  joints .30 

$10.55 

Profit,  20% 2.11 

Waste  and  overhead,  10% 1. 06- 

$13. 72 
Say  $13.  75 

Suppose  a  contractor  made  a  void  test  of  the  coarse  aggregates  in  the  field 
under  approximately  the  physical  conditions  the  stone  and  sand  would  be, 
when  mixed,  and  determined  a  sand  void  of  35%  and  a  stone  void  of  40%. 
From  the  curve  the  factors  entering  into  the  computation  would  be  cement, 
1.88  bbls.;  sand,  0.397  cu.  yd.;  Stone,  .795  cu.  yd. 

Appljring  these  factors  to  the  above  prices  we  have 

Cement  $2.51  at  1.88 $  4. 72 

Stone  $2.70  at  0.795 2. 16 

Sand  $1.70  at  0.397 67 

Manipulation 2. 50 

Water  and  joints .30 

$10.34 

Profit,  20% 2. 07 

Waste  and  overhead,  10% 1. 03 

$13.44 
Say  $13.45 

The  difference  is  .30  per  yd. 

In  a  road  5  miles  long,  18  ft.  wide,  section  6  in.-8  in.-  6  in..  Parabolic,  the 
number  of  cubic  yards,  10,756,  at  $.30  would  mean  a  saving  of  $3,226.80, 
which  it  seems  would  be  worth  a  preliminary  investigation  before  submitting 
bid  on  a  concrete  pavement. 

Diagram  for  Cost  of  Placing  Steel  Reinforcenjent. — ^Labor  cost  in  placing 
steel  is  usually  estimated  in  dollars  per  ton,  although  it  is  recognized  that  such 
unit  costs  increase  when  light  steel  is  being  placed.  The  accompanying: 
diagram  Fig.  3,  devised  by  Dan  Patch  of  the  Aberthan  Construction  Co.,  and 
published  in  Engineering  Record,  Aug.  26,  1916,  shows  chearly  the  effect  of 
sizes  of  rods  on  the  unit  cost  per  ton. 

Mr.  Patch  says: 

The  imit  costs  are  usually  obtained  by  dividing  the  labor  cost  figured  from 
the  time-keeper's  sheets  by  the  tons  of  steel  reported  placed  by  the  quantity 
man.  In  order  to  obtain  data  for  studying  the  effect  of  size  of  bars,  only  one 
more  item  must  be  recorded — the  total  length  of  bars  placed.  This  is  easily 
done  by  the  use  of  a  listing  adding  machine,  by  which  the  total  running  feet 
of  each  diameter  of  rods  placed  can  be  obtained.  The  daily  totals  are  tabulated 
in  terms  of  rod  sizes  and  linear  feet  plsiced,  the  total  length  and  total  weight 
computed,  and  the  average  weight  per  running  foot  easily  obtained.  Know- 
ing total  cost  and  total  tonnage,  the  cost  per  ton  is  found,  and  plotted  on  the 
diagrams  as  shown  in  Fig.  3. 

The  curves  A,  B  and  C,  which  are  drawn  through  the  fields  of  plotted  i>oints 
obtained  for  costs  of  placing  in  wall,  columns,  stairs,  etc.,  in  floor  and  roof 
slabs,  and  of  bending  and  cutting  resi)ectively,  indicate  the  large  effects  of 
average  weight  upon  the  cost  of  labor  per  ton. 
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If  additional  argument  in  favor  of  accounting  for  the  weiglit  variable  is 
necessary  it  will  be  found  in  the  curves  of  Fig.  4.  This  diagram  shows  on  a 
larger  scale  the  plotted  costs  for  the  same  kind  of  woilc,  but  for  different  dates, 
the  steel  growing  lighter  as  the  roof  is  approached.    Sections  of  the  typical 


ao 


a/ 

T 

Leqend 

— 

IS 

\ 

— 

A  +   Placing  in  Walls,  Cb/mns,ek. 
B*  Phcmp  in  Floor  and  Ihof  Slabs 
C  o  Btnding  and  CvHing 

l/i 

. 

to 

td 

t_  12 

♦ 

I 

■ 

— 

1 

A 

■ 

t 

J 

i*; 

\ 

a 

\ 

V 

♦ 

— 

$ 

» 

•» 

♦ 

*\ 

• 

e 

♦ 

\ 

• 

^ 

S 

^ 

VJ 

• 

— 

A 

• 

"^ 

■V 

^ 

K 

k. 

♦ 

H 

^ 

o 

**^ 

<. 

H 

^ 

f 

2 

■^ 

^ 

^ 

2P« 

o 

^ 

^ 

^ 

» 

"8; 

8 

•- 

3: 

d 

0 

0 

10  2.0    ^       ..     iO 

Aweroqe  WeigW.  In  FWids  per  Running  Foot 

Fig.  3. — Chart  for  cost  of  reinforcing  steel  based  on  weight  per  foot. 
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Flo.  4. — Typical  examples  of  costs  at  various  dates  compared  with  curves  in 

Fig.  3. 

curves  of  Fig.  3  to  this  enlarged  scale  are  shown,  the  costs  of  placing  in  walls, 
columns,  etc.  (Curve  A),  giving  the  clearer  illustration. 

Uu  of  Typical  Curves. — ^As  an  example  of  the  value  erf  these  curves,  consider 
the  figioee  on  the  work  recorded  in  Fig.  4.  On  Nov.  23  the  cost  per  ton  was 
U^.    By  Jan.  19  this  cost  had  risen  to  $6.34  per  ton.    With  these  figures 
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only  and  no  knowledge  of  the  weight  of  steel  it  would  be  assumed  that  the  work 
was  being  less  efficiently  done,  but  with  the  typical  cunre  as  a  basis  of  compari- 
son it  will  be  noted  on  fig.  4  that  while  there  has  been  a  10-per  cent  increase 
in  the  cost  per  ton,  the  typical  cost  curve  A  has  been  more  nearly  approached, 
indicating  the  increased  efficiency  that  can  reasonably  be  expected  as  a  job 
progresses  and  the  men  become  more  accustomed  to  their  work. 

Cost  of  Cement  Bags. — Precise  figures  of  value  of  the  cost  to  users  of  cem«it 
BSicka  are  given  by  L.  C  Wason  in  Engineering  and  Contracting,  Feb.  9,  1916. 
They  are  based  on  exact  records  on  several  jobs  for  which  403,576  bags  of 
cement  werer  received  and  390,458  cement  bags  were  returned  and  credited. 
The  figures  are: 

Bags  loet  or  worthless.  3,586  at  7>^  ct $    268.  50 

Bags  loet  or  worthless,  9,538  at  10  ot 953. 80 

Return  freight 725. 06 

Labor,  shaking  and  bundling 1 ,  590. 00 

Wire,  marlin,  etc 66.  50 

Total  loss  and  expense $3,603. 86 

There  being  100,894  bbl.  of  cement  the  cost  of  bags  to  user  per  barrel  was 
3.6  ct. 

Cost  of  Cleaning  Cement  Sacks  with  Blower. — A  method  of  cleaning  cement 
sacks  which  not  only  reduces  the  cost  of  this  work,  but  also  has  resulted  in 
recovering  much  cement,  is  employed  at  the  store  yard  warehouse  of  the 
United  Railways  of  St.  Louis.  The  scheme  is  described  in  the  Electric  Rail- 
way Journal,  from  which  Engineering  and  Contracting,  Sept.  22,  1920, 
*  abstracts  the  following: 

A  No.  5  Buffalo  blower  is  installed  overhead  with  the  intake  pipe  extending 
down  to  a  point  about  waist  high.  The  discharge  from  the  blower  is  piped 
a  short  distance  along  the  wall,  where  it  connects  to  a  cyclone  separator.  A 
cement  sack  is  put  over  the  mouth  of  the  intake  pipe.  The  suction  draws  the 
bag  up  into  the  pipe  and  turns  it  inside  out.  The  workman  then  pulls  it  out 
and  again  puts  it  over  the  end  of  the  intake,  which  turns  the  sack  the  other 
way  out  and  sucks  the  cement  from  the  opposite  side.  This  process  leaves  the 
sacl£s  cleaner  than  it  is  possible  to  get  them  by  hand.  The  cement  recovered 
is  deposited  in  a  sack  attached  to  the  bottom  of  the  cyclone.  By  this  means 
from  one  and  one-half  to  two  sacks  of  cement  are  recovered  per  1,000  sacks 
cleaned.  Two  men  can  clean  2,000  sacks  a  day,  besides  sorting,  counting  and 
bundling  them.  The  cement  recovered  makes  a  credit  to  the  cost  of  handling 
of  about  $2.50  a  day.  The  use  of  this  machine  makes  the  bag  cleaning  not  a 
particularly  undesirable  job,  and  furthermore  largely  overcomes  the  spreading 
of  cement  dust  over  everything  in  the  warehouse. 

Cost  of  Manufacture  of  Sand  Cement — The  following  is  taken  from  an 
abstract  in  Engineering  and  Contracting,  May  21,  1913,  of  a  discussion  in 
the  Proc.  Am.  Soc.  of  Civil  Engineers,  Vol.  XXXIX,  p.  271,  by  Charles  H. 
Paul. 

The  use  of  sand-cement  in  mass  work,  where  the  requirements  are  enough 
to  justify  the  installation  of  the  necessary  grinding  machinery,  where  suitable 
blending  material  is  available,  and  where  the  transportation  charges  on  Port- 
land cement  amount  to  a  considerable  portion  of  its  cost  laid  down,  will  result 
in  a  marked  saving  in  construction  costs,  and  will  give  a  product  which  is  at 
least  the  equal  of  the  Portland  cement  from  which  it  was  made,  in  fact,  one 
which,  for  ordinary  requirements,  is  not  open  to  the  least  suspicion. 
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In  the  construction  of  the  Arrowrock  Dam— by  the  Vr  S.  Reclamation 
Service  to  store  the  flood  waters  of  the  Boise  River — about  550,000  cu.  yds.  of 
concrete  will  be  laid,  and  the  cost  of  cement  is,  of  necessity,  a  most  important 
item.  The  dam  is  about  22  miles  above  the  city  of  Boise  and  17  miles  above 
Barfoerton,  the  nearest  point  on  the  Oregon  Short  Line  R.  R.  A  railroad  from 
Barberton  to  Arrowrock  has  been  built  by  the  United  States  Government, 
ova-  which  the  freight  rate  on  cement  charged  against  the  work  is  23  cts. 
per  barreL  The  commercial  freight  rate  on  cement  from  Utah  mills  to  Bar- 
bertcm  is  $1. 14  per  barr^,  from  California  p<^ts  $2  per  barrel,  and  from  Kan- 
sas points  $2.00  per  barrel,  so  that  the  total  freight  charges  on  cement  to  the 
Arrowrock  work  are  from  $1.37  to  $2.32  per  barrel. 

A  sand-cement  plant,  with  a  capacity  of  1,000  bbls.  per  24  hours,  consisting 
Off  a  crusher  and  sand  rolls,  rotary  dryer,  ball  mill,  mixing  machine,  and  three 
tube  mills,  all  electrically  operated,  with  the  necessary  bins,  hoppers,  and 
conveying  macUnery,  has  been  erected  and  has  been  in  operation  for  about 
2  months.  The  cost  of  this  mill,  complete,  was  about  $46,000,  itemised  as 
follows: 

Excavation $  1 ,  500 

Foundations '. 3 ,  750 

Erection  of  building,  chutes,  etc 8 .  150 

Equipment,  including  freight 23,000 

Installation  of  equipment 7,850 

Electrical  work 1 ,  750 

Total $46,000 

The  total  output  of  the  mill  to  date  (February,  1913)  has  been  about  25,000 
bbls.  and  about  20,000  cu.  yds.  of  sand-cement  concrete  have  been  placed  in  the 
dam  up  to  the  present  time. 

A  representative  cost  of  manufacturing^  1  bbl.  of  45  per  cent  by  weight 
blend  of  sand-cement  at  Arrowrock  is  given  in  Table  III  which  includes 
depreciation  on  the  plant  and  installation,  at  a  rate  which  will  wipe  out  the 
total  cost  at  the  time  that  a  total  ouput  of  500.000  bbls.  is  reached.  It  does 
not  include  sacking,  as  most  of  the  sand-cement  will  be  used  in  bulk. 

Table  III. — Cost  of  Manufacturino  Sand-cement 

Unit  cost  of 
sand-cement 
Items  per  barrel 

Granite  delivered  to  crushers $0. 02 

*  Portland  cement^  including  freight  and  storing 1 .  35 

Handling  and  storing  Portland  cement 0. 08 

Labor,  operating.  .^ 0. 10 

Power  and  lighta,  including  maintenance,  etc 0. 16 

Installation,  depreciation,  supplies,  repairs,  etc 0. 14 

Total  cost $1.85 

*  Portland  cement  at  $2.36  per  bbl.,  f .  o.  b.     Arrowrock. 

Heating  Concrete  in  the  Drum  with  an  Oil  Burner. — Engineering  and  Con- 
tracting, Jan.  3,  1917,  states  that  a  concrete  mixer  with  Hauck  Oil  Burner 
attached,  designed  and  built  at  the  request  of  several  contractors  engaged  on 
the  subway  in  New  York  City,  gave  the  following  results  in  the  winter  work  of 
1916: 

cu.  yd.  batch  heated  to  50®F.  in  2  minutes 
cu.  yd.  batch  heated  to  60°F.  in  3  minutes 
cu.  yd.  batch  heated  to  80°F.  in  4  minutes 
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The  heater  uses  fuel  oil  or  kerosene  and  is  made  in  two  types.  The  com- 
pressed air  tjrpe  is  equipped  with  a  25-gal.  (^1  storage  tank  and  air  regulating 
valvest  filling  pipe  with  plug  and  full  union.  The  approximate  oil  consump- 
tion is  IH  gal.  per  hour. 

The  other  type  of  heater  is  designed  for  use  where  compressed  air  is  not 
available.  It  consists  of  a  20*gal.  oil  storage  tank  equipped  inside  with  a 
powerful  hand  pump.  The  tank  can  be  placed  on  the  ground  or  on  the  engi- 
neer's platform.  It  is  necessary  for  operating  this  vaporizing  type  of  bumw 
to  carry  oil  pressure  from  12  to  75  lb.,  which  is  obtained  from  the  hand  pump 
placed  inside  the  tank  and  which  requires  about  00  seconds  of  pumping  to 
obtain  the  above  mentioned  pressure.  No  air  from  the  tank  is  necessary  for 
vaporizing  the  kerosene  in  the  burner  and  pressure  is  only  used  for  forcing 
the  oil  to  the  burner.  The  burner  is  attached  to  a  steel  pipe,  oval  shaped  at 
the  lower  end  and  bent  so  that  flame  shoots  diagonally  into  the  mixer.  It  is 
fastened  to  the  frame  of  the  mixer. 

Additional  Cost  of  Concreting  in  Winter. —  In  constructing  ore  dodc  No.  2 
of  the  Duluth  &  Iron  Range  R.  R.  at  Two  Harbors,  Minn.,  the  Engineering 
News-Record,  Aug.  9,  1917,  states  that  an  item  of  interest  in  connection  with 
the  winter  concrete  work  on  the  deck  slab  was  the  extra  cost  of  this  over 
concrete  placed  in  more  favorable  weather.  Aside  from  the  initial  delay  due 
to  very  severe  cold,  no  unfavorable  conditions  were  encountered.  When 
started,  the  concreting  progressed  at  the  maximum  rate,  very  smoothly  and 
with  an  unusually  efficient  crew  of  men.  Yet  the  extra  cost  amounted  to 
about  $2.50  per  yd.  This  was  due  chiefly  to  the  cost  of  the  housing,  the 
fuel  and  boiler-plant  attendants  increased  concrete  labor  cost  due  to  de- 
creased production,  cost  of  moving  housing  and  cost  of  canvas.  This  is  not 
considered  excessive  in  view  of  the  results  achieved. 

The  heating  plant  consisted  o(  a  40-hp.  return-tubular  boiler  and  two 
water  tanks  installed  on  a  flat-car.  One  tank  was  for  the  boiler  feed  and  the 
other,  heated  by  steam,  for  hot-water  supply  for  the  concrete  mixer.  A 
locomotive  tender  delivered  water  to  the  tanks  by  means  of  a  steam 
ejector.  A  steam  connection  was  made  to  the  mixer  drum  to  inject  live 
steam  there. 

With  this  equipment  it  was  possible  to  turn  out  concrete  heated  to  almost 
any  temperature  desired.  If  concrete  is  too  hot,  however,  it  will  set  up  badly 
in  the'mixer,  clogging  this  rapidly,  and  will  also  cause  checking  in  the  finished 
slab  work.  The  contractors  consider  90  to  100*^  about  as  warm  as  it  Is 
desirable  to  go. 

Although  a  comparatively  thin  concrete  slab  on  top  of  a  high  structure 
extending  into  Lake  Superior  would  not  seem  a  very  favorable  place  for 
cold-weather  concrete  work,  there  were  several  advantages  for  this  work. 
The  bottoms,  fronts  and  dividing  walls  of  the  pockets  were  all  in  place,  thus 
shutting  off  the  under  side  of  the  slab  very  effectually.  The  dock  was  pro- 
vided with  the  four  railway  tracks,  and  there  was  also  a  substantial  steel 
railing  on  each  side  of  the  dock.  These  points  were  all  used  to  assist  in  housing 
in  the  deck-slab  work. 

The  housing,  70  ft.  wide  and  75  ft.  long,  was  mounted  on  4  wooden  ore 
cars.  The  roof  and  ends  of  the  house  were  made  of  1-in.  boards  covered  with 
tar  paper,  the  sides  being  closed  with  canvas.  Steam  coils  were  built  com- 
pletely around  the  sides  of  the  house  and  connected  to  the  boiler  car. 

A  move  of  72  ft.  could  be  made  in  5  min.  after  the  canvas  was  loosened  at 
the  bottom.    With  weather  varying  from  zero  upward,  it  was  found  entirely 
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feasible  to  put  in  the  declc-slab  concrete.  With  weather  much  below  zero 
it  was  not  found  advisable  to  handle  that  class  of  work. 

An  Inezpensire  Met]iod  for  Testing  the  Strength  of  a  Reinforced  Concrete 
Floor  Slab. — The  following  abstract,  of  an  article  by  C.  H.  Weitz  in  the 
"  Purdue  Engineering  Review,"  is  taken,  from  Engineering  and  Contracting, 
Jan.  17.  1912. 

A  number  of  materials  have  been  tried  out  for  loading  floors  to  be  tested; 
such  as  pig  iron,  rubble  stone,  and  bags  of  cement,  gravel  or  sand.  Where 
cartage  charges  and  wsLgea  are  high,  the  cost  of  a  sin^e  test,  using  any  of  the 
above  materials,  will  run  from  $200  to  as  high  as  $700.  .  The  latter  figure  may 
look  very  high,  but  a  little  figuring  will  show  that  the  amount  is  not  excessive 
or  unusual.  In  the  first  place  two  slabs  which  measure  18  X  20  ft.  each,  live 
load  250  lbs.  per  sq.  ft.,  will  require  about  200  tons  of  material  for  the  test 
load.     Cartage  on  this  material  to  and  from  the  job  will  cost 

Per  ton $1.00 

Unloading  and  hobting 1 .  50 

Taking  down  and  reloading 1 .  00 

Total  cost  per  ton $3. 50 

This  makes  a  total  of  $700  for  handling  the  200  tons  of  material  and  is  a 
very  low  estimate  of  the  cost  where  laborer's  wages  are  $3  per  day,  hoisting 
engineers  get  $5.60  and  teams  cost  $7  per  day. 

It  was  while  casting  about  for  some  cheaper  method  for  making  these  tests 
that  the  writer  hit  upon  the  use  of  torpedo  sand  in  the  bulk.  Damp  torpedo 
sand  weighs  about  1 10  lbs.  per  cubic  foot  as  it  is  shoveled  into  a  bin  or  pile. 
A  2-in.  plank  enclosure  was  built  on  the  center  line  of  columns,  enclosing 
floor  panels.  The  height  of  this  enclosure  in  feet  was  just  Ho  of  the  hundreds 
of  pounds  per  square  foot  of  the  test  load.  For  instance,  a  test  load  of  400  lbs. 
per  square  foot  requires  a  bin  3  ft.  7  Ins.  high. 

The  sand  can  be  loaded  into  wheelbarrows  and  hoisted  on  a  brick  hoist,  or, 
more  dieaply,  in  a  concrete  skip;  or,  still  more  cheaply,  if  conditions  permit* 
by  means  of  a  bucket  elevator.  The  sand  should  be  hoisted  first  to  the  highest 
floor  to  be  tested,  thrown  into  the  bin  and  leveled  o£r  even  with  the  sides  of  the 
bin  with  a  straight  edge.  The  cost  of  hoisting  the  sand  by  the  first  method 
will  run  about  75  cts.  per  ton;  by  the  second  method  30  cts.  per  ton;  and,  by 
the  third  method  15  cts.  per  ton.  These  prices  include  placing  the  sand  in 
the  bin  provided  it  is  located  within  30  ft.  of  the  place  where  the  sand  is 
d^vered  by  the  hoisting  apparatus.  There  is  usually  one  or  more  of  the 
above  mentioned  hoisting  mechanisms  available  on  a  job,  so  that  it  is  unnec- 
essary to  erect  a  hoist  especially  for  testing  purposes. 

As  soon  as  one  floor  is  tested  and  the  load  is  wanted  on  a  lower  floor,  it  is  not 
necessary  to  lower  the  sand  by  means  of  a  hoist  or  to  cany  it  down  a  stairway 
as  is  the  case  when  pig  iron,  rubble,  or  ballast  in  bags  Is  used.  Instead,  all 
that  is  needed  is  to  cut  a  small  hole  in  the  slab  from  beneath  and  let  the  sand 
run  through.    The  hole  can  then  be  patched  at  slight  expense. 

When  as  many  tests  are  made  as  is  required  the  sand  may  be  dropped  down 
a  stair  or  elevator  shaft,  through  a  window,  or  down  a  rubbish  chute  directly 
into  wagons.  However,  there  are  usually  a  number  of  things  remaining 
to  bo  done,  such  as  basement  floors,  sidewalks,  etc.,  for  which  a  quantity  of 
torpedo  sand  is  needed  so  that  it  is  seldom  necessary  to  remove  any  of  the 
saml  from  the  premises. 

On  a  recent  job  about  150  tons  of  sand  were  hoisted  by  means  of  a  bucket 
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elevator  to  the  third  floor  and  spouted  through  a  window  on  to  the  floor. 
This  sand  was  then  shoveled  into  a  bin  covering  two  panels  ^o  the  required 
depth.  The  load  was  allowed  to  remain  24  hours  for  the  city  Inspects  to 
make  his  observations.  A  hole  was  then  cut  in  the  slab  and  the  sand  allowed 
to  run  down  to  the  sepond  floor  where  a  bin  had  been  prepared.  After  the 
test  of  the  second  floor  the  sand  was  dropped  to  the  ground  and  was  all  used  for 
cinder  concrete  and  for  the  first  floor  which  was  laid  directly  on  the  ground. 
The  entire  cost  of  these  two  tests,  which  involved  the  handling  of  150  tons  of 
material  three  times,  was  slightly  less  than  $50. 


Fig.  5. — How  to  admit  *air  to  pneumatic  concrete  mixeiu 

Operating  Cost  of  Concrete  Mixer  Reduced  by  Electric  Motor. — Engineer- 
ing and  Contracting,  May  2,  1917,  gives  the  following: 

By  attaching  an  electric  motor  to  a  concrete  mixer  Ryberg  Bros.,  contract- 
ors, Salt  Lake  City,  Utah,  effected  an  economy  in  the  first  month's  operations 
amounting  to  more  than  the  cost  of  the  motor.  The  contractor  had  a  Ean- 
some  10-cu.  ft.  batch  load  mixer  with  a  steam  engine  and  boiler.  The  motor 
was  mounted  on  timbers  extending  across  the  bed  frame  of  the  mixer  and  was 
connected  by  a  belt  to  the  fiywheel  of  the  engine,  the  piston  rod  and  eccentric 
of  the  latter  being  disconnected  from  the  crankshaft.  The  boiler  was  removed. 
The  motor  cost  $65,  and  its  installation  and  other  work  cost  $6.  The  operat- 
ing cost  by  electricity  for  a  25-day  month,  with  the  mixer  averaging  60  cu.  yd. 
per  8-hour  day,  was  $45.  When  operating  by  steam,  with  coal  at  $1  per  day 
and  engineer  at  $3.50  per  day,  the  cost  was  $112.50  per  month. 

Operation  of  Pneumatic  Mixers. — H.  A.  Leeuw  gives  the  following  discus- 
sion and  data  in  Engineering  Record,  Oct.  9,  1915. 

Proper  application  of  an  ample  supply  of  compressed  air  has  overcome 
clogging  in  the  conveying  pipe  in  placing  concrete  by  the  pneumatic  method. 
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This  doggliig  bas  been  the  most  serious  drawback  to  the  use  of  this  methi 
mixing  and  placing  couciele,  whicli  hae  developed  until  concrete  haa 
pUc«d  at  a.  distance  ot  2.800  ft.  at  the  Mile  Rock  tunnel  In  San  Frandacc 
raised  to  n  height  (d  60  ft.  in  building  piers  for  a  bridge  at  Magnolia.  W 

Owing  to  the  way  in  which  dlflerent  aggregates  behave  in  feeding  litt 
conveying  pipe,  the  air  has  to  be  supplied  dUlerentl;  tor  stone  and  gi 
The  illustration  ehows  a  cross-section  ot  the  mixer  and  inlet  pipes,  whlc 
designated  by  X  and  Y.  To  illustrate  the  above  statement,  when  gra 
used,  it  bas  been  found  that  it  was  necessary  to  admit  air  only  throug' 
inlet  marked  Y,  as  an  applicalian  through  both  would  cause  the  mater; 
feed  too  fast  into  the  conveying  pipe,  and  would  result  In  a  clogged 
When  stone  ts  uaed,  however,  it  is  necessary  to  apply  the  air  through 
inlets.  U  oalj  the  inlet  Y  Is  used,  the  material  wiU  arch  and  then  audc 
all  down  to  the  dlschaTge  pipe,  causing  it  to  clog. 

It  is  very  important  to  have  a  sufficient  volume  of  air  to  carry  the  con 
through  the  delivery  pipe  to  the  forms.  When  this  has  not  been  pro 
taken  care  of.  the  concrete  will  drop  In  the  deUvery  pipe  and  the  next  t 
will  stick  on  this  and  clog  the  pipe.  The  tendency  has  been  to  under-«Hli 
the  number  of  cubic  feet  of  tree  air  per  minute  required.  The  following 
shows  the  result  of  three  years  ot  study  and  practical  exiwtlence,  Pr 
utistactor;  Installations  are  proving'  the  correctness  ot  these  Bguiea. 
Ci;bic  Yi.aM  or  Concbbti  Peb  Houb,  Mueh  Capacitt  H  Cu.  Y 
Length  of  horiiontal  discharge 


1.200 40  30  26  20  12 

It  has  been  found  that  the  character  of  the  sand  plays  a  more  impo: 
pkTt,  with  reference  to  the  speed  with  which  the  mixture  Is  carried  throug 
pipe,  than  does  timt  ot  the  stone  or  gravel.  A  sbarp.  clean  sand  will  re 
less  air  to  move  concrete  nilxed  with  It  than  one  in  which  the  percenta 
loam  or  oxide  ol  iroo  is  high. 

It  has  also  been  found  that  a  ptemure  of  00  lb.  per  square  inch  givei 
best  results.  This  pressure,  expanding  Into  a  S  or  S-in.  pipe,  dependln 
the  size  ot  stone  or  gravel  used,  is  reduced  to  a  pressure  averaging  about  i 

Hoie  at  Dtlistru  Bnd  Rcducei  Kick. — This  high  pressure  has  presente 
obstacle  to  be  overcome,  as  the  delivery  end  must  be  aecurdy  fastened  to 
care  ot  the  kick  resulting  from  this  pressure.  After  conaiderable  ex 
menting.  It  has  been  found  that  a  hose,  the  lining  of  which  is  made  ot 
rubber  to  withstand  the  wear,  and  relnfon^ad  to  take  care  ot  the  thrust,  i 
connected  a  short  distance  from  the  delivery  end,  acts  as  a  sbock-abso 
and  allows  the  discharge  end  to  be  handled,  so  that  the  concrete  Is  no 
deposited  in  one  place,  but  may  be  distributed  in  even  layers. 

The  mixture  of  the  concrete  placed  In  this  way  has  been  found  to  t 
perfect  as  that  delivered  by  any  of  the  mechanical  mixers  on  the  ma 
When,  however,  the  volume  of  compressed  air  talis  below  the  amount  requ 
as  shown  in  the  table;  the  mixture  shows  a  tendency  toward  segregation. 

The  pneumatic  method  Is  "w^  adapted  to  tunnel  lining,  as  It  Is  pos 
to  secure  an  Increase  of  at  least  50  per  cent  In  speed  with  a  correspon 
decrease  In  labor.  Accurate  cost  data  are  dIfflculE  to  get.  but  the  tollo' 
leprastDts  the  average  case: 
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Labor 

Compressed  air 

Pipe  and  equipment . 
Overhead 


Cost  for  mixing  and  placing . 


Cents,  per 
cubic  3rard 

12 

10 
3 

45 


The  usual  labor  crew  consists  of  six  men  for  an  outfit  which  is  placing 
concrete  at  the  rate  of  100  cu.  yd.  in  a  10-hr.  day. 

Placing  Concrete  in  Wall  and  Dam  of  Water  Supply  Resenrbir  at  Montreal 
by  Compressed  Air  Method. — Engineering  and  Contracting,  Feb.  10,  1915, 
gives  the  following: 

Fig.  6  shows  the  arrangement  of  material  handling  plant  employed  in 
placing  the  concrete  in  the  walls  and  dam  of  the  new  reservoir  of  the  Montreal 


Sand  and 
Stone  Bins/ 

QementChufe 
fo  Meas.hof>n 


Cafe  levers  operated  frorn^ 
platform  \ 

^r piping  to  valves  on  platform — — - 


Fig.  6. — Sectional  diagram  showing  arrangement  for  material  handling  plant 
and  mixer  for  placing  concrete  walls  and  dam  of  new  reservoir  at  Montreal  by 
compressed  air  method. 

Water  and  Power  Co.  by  the  compressed  air  (Mac  Micheal)  method.  The 
cement  used  was  unloaded  from  trolley  cars  on  the  track  as  shown.  The 
sacks  were  unloaded  by  hand  and  were  placed  in  the  chute  which  carried  them 
to  the  cement  storage  shed.  A  short  siding  on  a  trestle  carried  the  aggr^ate 
past  the  cement  shed.  The  crushed  stone  was  dumi)ed  directly  into  the 
storage  bin.  over  the  mixer,  from  side-dump  cars.  The  capacity  of  this  bin 
was  80  and  of  the  cars  6  cu.  yds.,  respectively.  The  sand  was  shoveled  from 
box  cars  into  an  auxiliary  bin,  at  one  side  of  the  pneumatic  mixer,  of  a  capacity 
of  500  cu.  yds.  The  80-cu.  yd.  working  sand  bin,  over  the  mixer,  was  gravity 
fed  from  the  auxiliary  sand  bin  mentioned.  The  sliding  gates,  hand  operated, 
regulated  the  discharge  of  slone  and  sand  into  the  proper  compartments  of  the 
measuring  hopper  shown.  Cement  was  gravity  fed  from  its  storage  shed  into 
the  stone  compartment  of  the  hopper.  Water  was  applied  to  the  contents  of 
the  hopper  as  they  were  discharged  into  the  mixer. 

The  discharge  pipe  from  the  mixer  extended  to  the  forms  and  varied  in 
length  from  time  to  time.  This  was  an  8-in.  steel  pipe  provided  with  flange 
joints  of  a  special  design  to  facilitate  adding  or  removing  sections.  The  mixed 
concrete  was  dischai^ed  directly  into  the  forms  from  the  end  of  the  conveying 
pipe  or  from  a  boot  at  the  end  of  the  pipe.  At  bends  the  pipe  line  was  firmly 
secured  to  resist  the  side  thrust  produced  by  the  inertia  of  the  heavy  moving 
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mass  of  concrete.  The  sections  were  poured  in  three  lifts  of  15,  30  and  37 
ft.,  respectiv^y.  The  maximum  length  of  discharge  pipe  was  600  ft.,  which 
included  the  37-ft.  ft.  In  this  line  the  total  curvature  aggregated  400*^  At 
this  distance  pauses  were  necessary  between  the  discharge  of  successive 
baU^es  to  allow  the  air  receiver  to  fill  sufficiently.  The  wall  was  poured  in 
alternate  sections  ccmtaining  about  30  cu.  yds.  and  this  necessitated  many 
shifts  of  forms  and  discharge  piping  thus  deiajring  the  work.  Concrete  was 
placed  by  the  method  described  in  zero  weather  without  difficulty,  the  aggre- 
gate being  heated. 

Tabi«e  IV. — Data  on  PiiACiNo  Concbete  in  Dam  of  Montreal  Resbrvoib 
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180-300 
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4,181 

18.5 

130 

70% 

21 

22 

100-180 

126 

3,041 

31  5 

180 

58% 

17 

54 

100-300 

353 

8,122 

23 

150 

65% 

19 

*  Includes  pipe  repairs  and  minor  changes. 

Concreting  Dam. — Table  IV  gives  a  summary  of  the  progress  of  the  work 
in  concreting  the  dam  of  the  reservoir.  Work  was  carried  on  in  day  and  night 
shifts.  In  the  work  on  the  dam  thwe  were  54  shifts  to  place  8,122  cu.  yds., 
or  150  cu.  yds>  per  shift.  The  cost  of  labor  on  the  day  shift  averaged  $19 
and  on  the  night  shift  $27,  or  an  average  of  $23  per  shift.  Thus  the  labor  cost 
was  16H  cts.  per  cubic  yard  of  concrete  placed;  the  corresponding  figure  for 
power  was  4.7  cts.  per  cubic  yard.  The  average  gang  consisted  of  six  men 
charging  the  mixer,  including  the  operator,  an  extra  cement  wheeler,  a  foreman 
and  from  two  to  eight  men  on  the  pipe  and  forms.  The  best  day's  run  was  436 
cu.  yds.  in  7H  hours.  On  this  run  the  cost  of  labor  per  cubic  yard  was  6.1 
cts.  and  the  cost  of  power  was  1.6  cts. 

Concreting  Wall. — The  wall  contained  2,600  cu.  yds.  and  was  poured  in  26 
shifts.  The  average  daily  cost  for  labor  was  $17.50  and  for  power  $7.  This 
gave  a  cost  for  labor  and  power  of  24H  cts.  per  cubic  yard.  The  average 
gang  on  the  wall  concreting  consisted  of  two  men  handling  cement,  three 
handling  aggregate,  one  mixer  operator,  one  water  man.  one  foreman  and  one 
to  three  men  on  forms  and  pipe  line.  The  distance  transported  ranged  from 
100  to  600  ft.  All  wall  concrete  was  lifted  40  ft.  Pouring  was  actually  in 
progress  50  per  cent  of  the  time. 

Plant. — The  compressor  used  was  a  W.  B.  2  Sullivan,  steam  driven,  705  cu. 
ft.  nuichine.  There  were  1,100  ft.  of  6-in.  air  pipe  between  the'  compressor 
and  the  mixer.  There  were  two  air  receivers,  one  of  150-cu.  ft.  capacity  at 
the  compressor  and  one  of  50  cu.  ft.  capacity  at  the  mixer.  The  compressor 
was  run  from  the  boilers  of  the  stone  crushing  plant  and  the  cost  of  steam  was 
pnnrated  to  the  different  engines  on  the  basis  of  the  horse-iiower  required. 
Under  this  arrangement  the  i>ower  cost  for  the  compressor  per  shift  was  $7. 

Labor  Saving  Bqvipment  for  Depositing  Concrete. — The  following  data 
are  taken  from  an  article  in  Engineering  Record,  Jan.  27,  1917,  by  W.  P. 
Andenon. 
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The  object  of  the  two  instaUations  considered  was  to  reduce  the  number  of 
common  laborers  required  by  doing  away  with  all  hand  shoveling,  charging  the 
mixers  by  gravity  and  decreasing  the  amount  of  labor  needed  in  handling  the 
chutes  used  to  place  concrete  directly  in  the  forms.  At  the  plant  of  the  Ubiko 
Milling  Company  this  was  accomplished  by  dimiping  the  cars  of  concrete 
materials  into  a  small  bin  under  the  track,  from  which  a  bucket  elevator 
carried  them  to  overhead  storage  bins  feeding  the  mixer  by  gravity.  Both 
sand  and  gravel  were  dumped  into  the  track  pit,  the  material  being  deflected 
at  the  top  of  the  elevator  into  the  sand  or  gravel  compartment  of  the  bins,  as 
the  case  might  be,  by  a  gate  between  the  bins. 

At  the  East  Side  High  School  the  concrete  materials  were  unloaded  from 
railway  cars  to  overhead  bins  or  into  reserve  storage  piles  by  a  derrick  with  a 
clamshell  bucket.  Stone  and  sand  were  drawn  from  the  bins  into  a  small 
measuring  car  with  two  marked  compartments  which  ran  along  an  elevated 
track  in  front  of  the  bins  and  dumped  directly  into  the  charging  hopper  of  the 
mixer.  The  cement  at  this  plant  was  unloaded  and  handled  on  gravity  rollers, 
and  the  form  lumber,  tile  and  other  materials  were  unloaded  in  the  same  way. 

Movable  Hoppers  on  Concrete  Towers. — ^At  both  plants  the  concrete,  after 
being  mixed,  was  hoisted  to  movable  hoppers,  which  could  be  set  at  any 
desired  height  on  the  tower,  and  thus  spouted  to  place.  The  main  tower  at 
the  East  Side  High  School  plant  was  provided  with  two  hoppers  so  that  con- 
crete could  be  spouted  alternately  for  long  and  short  distances  without  materi- 
ally changing  the  rigging  of  the  chutes.  The  amount  of  rigging  required  at 
this  plant  was  further  reduced  by  having  drop  chutes  set  in  the  main  c^ute 
lines  at  convenient  points.  At  both  plants,  the  first  length  were  supported 
from  split  booms.  The  upper  chute  line  for  the  high-school  buildings,  how- 
ever, which  remained  fixed  during  most  of  the  work,  was  hung  from  a  guy 
cable  between  the  main  tower  and  a  centrally  located  tail  tower.  For  support- 
ing the  lengths  of  chute  within  the  lines  of  the  buildings,  trii>ods  mounted  <hi 
Iron  wheels  about  30  in.  in  diameter  were  used.  The  large  diameter  of  these 
wheels  made  it  possible  to  roll  the  chutes  around  over  reinforcing  steel  already 
in  place,  or  on  the  forms  or  finished  surface,  with  little  labor.  In  addition  to 
the  wheeled  towers  a  low  "bicycle"  frame  on  two  similar  wheels  was  used  to 
carry  the  delivery  end  of  the  chute  line  at  the  Ubiko  plant. 

Table  V. — Labor  Cost  op  Concrbtinq 

—Ubiko  Plant- 
Ware-  East  Side 
Mill  house  High  School 

Installing  and  wrecking  equipment $0. 426  SO.  426  SO.  350 

Unloading  sand,  cement  and  gravel 265  .  26.5  .  171 

Mixing  concrete 272  .  204  .  263 

Hoisting  and  placing   concrete  and  handling 

chutes 340  .356  .476 

Cleaning  up,  care  of  sacks,  and  miscellaneous ...       .  176  .  140  .  040 

Protection  on  account  of  winter  work 003     

Labor  cost  per  cubic  yard 1.482  1.891  1.299 

Total  yardage 2267  907  •4661 

*  Partial  yardage;  work  not  yet  completed. 

The  labor  costs  given  in  Table  V  were  realized  with  common  labor  at  25 
to  30  cents  per  hour  on  the  Ubiko  job,  most  of  the  men  receiving  the  lower  rate, 
and  at  an  average  of  28.5  cents  per  hour  on  the  high-school  job.  The  yardage 
indicated  in  the  table  so  far  placed  at  the  high-school  job  is  considerably  below 
the  total  quantity  of  concrete /required;  but  as  the  total  yardage  has  been 
considered  in  estimating  the  cost  for  installing  and  wrecking  the  equipment 
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and  for  cleaning  up  and  miscellaneous  work,  it  is  expected  that  the  unit 
figures  given  will  prove  approximately  correct  at  the  close  of  the  work.  It  is 
interesting  to  note  that  with  the  higher  unit  cost  for  installation  on  the  smaller 
contract  a  lower  cost  for  mixing  and  placing  concrete  was  realized.  The 
figures  make  it  appear  also  that  the  grab-bucket  rig  has  a  considerable 
advantage  over  the  bucket  conveyor.  It  mustbeconsidered,  however,  that 
it  was  not  always  possible  to  secure  materials  in  bottom-dump  cars.  More- 
over, the  design  of  the  conveyor  in  this  plant  proved  faulty,  and  a  heavier  one 
is  now  in  use  on  the  second  contract. 

Labor  Costs  on  Foundation  Work,  Using  Portable  Plant. — The  following 
data,  published  in  Engineering  and  Contracting,  July  5,  1911,  are  given  in  a 
table  appended  to  a  paper  by  Victor  Windett,  presented  to  the  Western 
Society  of  Engineers  on  June  7th,  1011. 

A  portable  concrete  mixing  and  convesring  plant,  which  was  used  by  the 
Great  Lakes  Dredge  A  Dock  Co.  on  foundation  work  for  a  blast  furnace  plant 
near  Chicago,  is  built  on  a  platform  20  ft.  square  which  is  mounted  on  rollers. 
On  the  platform  a  75  h.p.  horizontal  boiler  is  mounted  which  furnishes  steam 
for  the  operation  of  the  Ransome  mixer  and  Lidgerwood  h<^t.  The  1-yd. 
mixer  is  placed  near  the  rear  of  the  platform  and  a  hopper  bin  is  erected  above 
It,  which  has  a  capacity  of  10  cu.  yds.  of  stone  and  5  cu.  yds.  of  sand. 
The  bins  were  filled  from  cars  on  a  parallel  track,  by  means  of  a  locomotive 
crane  and  clamshell  bucket .  Storage  is  provided  for  500  bags  of  cement  on  the 
platform  at  one  side  of  the  mixer.  The  material  from  the  storage  bins  is 
dumped  into  a  1  yd.  batch  hopper.  From  the  mixer  the  concrete  is  delivered 
to  a  Ransome  tower  bucket  which  is  raised  75  ft.  and  delivered  into  the 
chute.  The  chute  consists  of  a  12-in.  galvanized  pipe,  supported  by  two 
80  ft.  booms.  From  the  ends  of  the  booms  lines  run  to  equidistant  points  on 
the  chute  thus  supporting  it  uniformly  and  keeping  it  in  a  straight  line.  The 
booms  are  swung  horizontally  over  ^  work  by  hand.  The  lower  60  ft.  of 
pipe  is  made  in  movable  lengths  of  8  ft.  The  plant  itself  is  pulled  along  on 
its  rollers  by  attaching  a  line  to  a  deadman  and  taking  it  in  on  the  hoist. 

The  concrete  work  consisted  of  foundations  for  power  house  and  blast 
furnace  buildings.  The  work  was  started  in  1910  and  continued  through  the 
wint«*  and  spring  of  1911.  * 

Table  VI  gives  data  on  6  different  operations  in  connection  with  this  work 
designated  as  A,  B,  C.  etc.  The  total  work  done  amoun'ted  to  36. 146  cu.  yds. 
of  concrete.  The  labor  costs  given  include  the  placing  of  500,000  lbs.  of 
sted  reinforcement  or  about  14  lbs.  per  cu.  yd.  of  concrete  also  the  labor  for 
erecting  and  dismantling  the  plant  for  handling  the  concrete. 

The  rate  of  wages  paid  averaged  $0,344  per  man  per  hour  including  the 

entire  force  employed. 

Tablb  VI'. — Data  on  CoNCRSTiNa  Fouin>ATioNS 

General 
A  B  C         D  E         F  average 

8q.  ft.  of  forms  per  cu.  yd . . .  7. 67  9. 74  12.  8  14. 2       6. 1  8. 69       9. 0 

8q.  ft.  surface,  without  forms  8. 54  16. 1  14. 4 14.  7     13. 0 

ToUl  days  worked 110  79  75  17         24  70         376 

Actualconcreting  time,  days.  88  67  36  14         20  62         277 

Total  labor-days  of  9  hours..  5.020  3.977  2,310  922  1,290  3,900  17,419 
Cu.  yds.  of  concrete  per  day 

(total  time) 98. 5  128  49. 6  72       139  100  96. 5 

Co.  yds.  of  concrete  per  day 

(eonc.time) 123  172  103.5  87.5  167.5  113    130 

Labor  dajrs  per  cu.  yd 0.46  0.40  0.62  0.75     0.39  0.56     0.482 

Labor  east  per  cu.  yd.,  dollars     1.43     1.24     1.92  2.32     1.21  1.74     1.49 


224  HANDBOOK  OF  CONSTRUCTION  COST 

A.  The  work  on  the  blast  furnace  building  was  massive  concrete  w<Mrk 
the  blast  foundations  consisting  of  concrete  slabs  50  X  70  ft.  square,  and 
having  a  firebrick  core  averaging  23  ft.  in  diameter.  There  were  10,809  cu. 
yds.  of  concrete  placed  at  a  complete  labor  cost  as  given  above: 

B.  The  work  on  the  hot  blast  stove  and  boiler  foundations  was 
massive  work,  including  10,064  cu.  yds.  of  concrete  placed  during  the 
summer. 

C.  The  power  house  foundations  consisting  of  light  piers,  floors  and  soma 
massive  piers,  including  in  all  some  3,733  cu.  yds.,  were  placed.  This  work 
was  done  in  the  winter. 

D.  The  casting  machine  building  foundations  were  built  in  the  spring. 
These  consisted  of  light  piers  and  walls  amounting  in  all  to  1,225  cu.  yds. 
This  concrete  contained  no  reinforcem^it. 

E.  The  work  on  the  wharf  consisted  of  3,344  cu.  yds.  of  concrete  in  massive 
work.  Two  rows  of  piles  were  capped  with  concrete  forming  a  base  for  the 
walls  supporting  the  rails  of  the  unloading  crane.  This  work  was  d<«e  in  the 
winter  and  early  spring. 

F.  The  construction  of  the  piers  for  the  steel  trestle  consisted  of  moderately 
heavy  work  amounting  in  all  to  6,971  cu.  yds.  of  ccmcrete.  The  work  was 
done  in  the  winter  and  the  chuting  system  was  not  used.  Instead  the  concrete 
was  delivered  in  hand  pushed  Kopp^  cars  oi  1  cu.  yd.  capacity. 

Wear  of  Pipe  and  Trough  Conveyors  for  Concrete  and  Concrete  Mate- 
rials.— The  following  is  taken  from  Engineering  and  Contracting,  March 
17,  1915. 

In  lining  pressure  tunnels  on  the  Catskill  Aqueduct  concrete  materials 
were  in  several  places  fed  down  shafts  through  steel  pipe  to  mixers  at  the 
bottom.  In  one  case  an  8-in.  pipe  was  used  and  in  another  case  a  15-in. 
spiraly  rlvited  steel  pipe.  In  both  cases  excessive  wear  put  pipe  delivery  out 
of  comi)etition  as  an  economic  means  ot  conveying  concrete  aggregates  great 
vertical  distances.  Incidentally  clogging  occurred  so  frequently  that,  putting 
excessive  wear  aside,  pipe  chutes  were  a  failure*. 

On  recent  tunnel  work  in  San  Francisco,  placing  concrete  lining  by  pneu- 
matic mixer  and  conveyor,  very  interesting  studies  of  pipe  wear  are  reported. 
An  8-in.  steel  piil^  was  used  for  conveying  and  16-cu.  ft.  charges  were  forced 
through  the  pipe  under  120  lbs.  air  pressure  with  velocities  of  75  to  100  ft. 
per  second.  On  level  straight  lines  ordinary  8-in.  flanged  connection  steel 
pipe  not  quite  new  had  a  life  of  about  6,000  cu.  yds.  of  concrete  conveyed. 
The  same  pipe  on  an  upgrade  of  7  per  cent  wore  through  first  on  the  top. 
Threaded  connections  proved  least  durable;  the  thinning  of  the  section  by 
threading  resulted  in  rapid  cutting  through  at  the  joints.  At  bends,  4-ft. 
radius,  H-in.  steel  pipe  cut  through  in  instances  in  12  hours  continuous 
conveying  and  averaged  only  60  hours  life. 

Records  of  gravity  conveying  of  concrete  in  open  trough  inclined  chutes 
may  be  summarized  about  as  follows:  No.  14  gage  blue  annealed  steel  open 
trough  chutes  have  in  instances  cut  through  small  holes  with  1,500  cu.  yds. 
of  concrete  conveyed,  and  there  are  recorded  instances  ot  such  chutes  having 
carried  20,000  cu.  yds.  without  wearing  holes. 

The  examples  selected,  It  must  be  remembered,  are  purposely  examples  of 
failures.  They  are  chosen  to  show  the  worst  results  likely  to  be  experienced 
in  wear  of  pipe  and  trough  conveyors.  Ordinarily  the  contractor  will  not 
experience  anything  like  such  adverse  conditions.  Were  this  not  true  these 
conveying  methods  would  never  have  attained  the  extensive  use  that  they 


CONCRETE  CONSTRUCTION  226 

luiTe.  When  ezceasiYe  wear  occurs  the  records,  though  they  are  un* 
fortunately  very  meager,  indicate  that  it  occurs  because  of  exceptional 
circumstances. 

As  indicated  by  the  example  cited,  pipe  line  wear  is  greatest  at  bends,  at 
thin  spots  like  threaded  joints  and  on  up-grades.  Trough  chutes  cut  through 
first  at  dents  or  bumps  or  where  there  are  "soft  spots"  in  the  rolled  plate. 
Again  the  <diaracter  of  the  aggregates  a£Fects  greatly  the  rate  of  wear.  For 
example  pit  run  gravel  will  cause  least  wear,  broken  stone  causes  more  rapid 
wear,  and  slag  causes  extremely  rapid  wear.  Velocity  of  travel  of  the  con- 
crete is  another  factor  of  importance.  Driving  a  batcdi  of  concrete  through  a 
dosed  pipe  imder  crowding  pressure  at  a  speed  of  over  a  mile  a  minute  is  a 
severe  abrasive  action  for  any  steel  to  resist.  The  wonder  is  that  the  destruc- 
tion is  so  small  as  it  is.  Speed  and  pressure  of  flow  increase  materially  the 
rate  of  wear  of  pipes  and  chutes. 

The  causes  named  for  excessive  wear  indicate  the  possible  remedies.  At 
bends  in  pipe  lines,  for  example,  elbow  sections  of  special  pipe  may  be  used. 
Cast  manganese  steel  b^ds  were  finally  adopted  on  the  San  Francisco  tunnel 
work  previouidy  named  and  despite  their  greater  expense  proved  more 
economical  than  ordinary  steel  elbows.  It  might  even  be  economical  when 
long  use  is  expected  to  adopt  .alloy  steel  or  special  steel  pipe  for  the  line  as  a 
whole.  Another  remedy  is  a  special  joint  construction,  one  which  will  not 
produce  a  thin  spot  or  an .  irregularity  which  will  intensify  the  wear 
locally.  • 

Open  trough  chutes,  inclined  so  that  flow  is  by  gravity,  present  ^  different 
problem.  Good  uniform  quality  ste^  plate  shaped  smooth  and  kept  undis- 
torted  by  denting  or  buckling  is  the  first  requisite.  Where  this  will  not 
serve,  resort  to  interlining  or  to  alloy  steels  is  probably  the  only  solution 
unless  change  is  possible  to  a  smoother  aggregate  or  to  reduced  chuting  speeds. 
Inquiry  of  one  of  the  leading  makers  of  concrete  chutes,  brings  out  data  on 
reliningr  chutes  which  contractors  will  be  interested  in  noting. 

For  the  ordinary  job  the  relined  chute  is  not  advisable  because  of  the 
increased  wdght.  The  standard  uutrussed  imlined  chute  of  No.  14  steel 
weighs  from  20  to  30  lbs.  per  lineal  foot  so  that  the  ordinary  30-ft.  section 
weighs  about  450  lbs.  A  50-ft.  trussed  section  without  lining  weighs  905  lbs. 
These  weights  are  about  as  great  as  the  contractor  can  handle  well.  No.  14 
bottom  liner  plates  12  ins.  wide  add  about  ZH  lbs.  per  lineal  foot  or  165  lbs. 
to  a  50-ft.  section.  Taking  into  account  all  the  factors  causing  wear  it  is 
probable  that  a  lined  chute  will  wear  three  times  as  long  as  one  without 
lining.  Also  relined  chutes  are  less  liable  to  become  dented  and  if  the 
plates  contain  soft  spots  they  are  not  likely  to  coincide  in  locations. 
For  work  of  considerable  volume  lined  chutes  are  practically  always 
advantageous. 

Depositing  Concrete  in  Bags  Under  Water. — H.  R.  Ferriss  gives  the  follow- 
ing data  in  EIngineering  and  Contracting,  Feb.  10,  1915. 

A  20-in.  cast  iron  outfall,  Fig.  7,  was  laid  from  a  point  on  shore  to  a  dte- 
tance  of  720  ft.  out  from  shore,  at  which  point  the  end  was  in  18  ft.  depth  and  a 
swift  off  shore  current.  The  outfall  follows  a  channel  between  high  rock 
reefs,  and  the  pipe  for  its  entire  distance — ^with  the  exception  of  120  ft.  of  the 
outfall  end — ^is  laid  in  a  ditch  dredged  in  clean  sand.  At  the  outfall  end,  the 
floor  of  the  sea  falls  away  somewhat  faster  than  the  grade  of  the  pipe,  and 
advantage  is  taken  of  this  to  hold  the  end  of  the  pipe  line  off  the  floor 
of  the  sea.  It  was  considered  advisable  by  the  engineer  in  charge  to  rest 
15 
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the  pipe  on  concrete  deposited  in  bags,  and  the  outennost  end,  owing  to  the 
swift  currrait  and  heavy  winter  storms,  is  heavily  anchored  with  concrete 
in  bags. 

A  1:3:6  mixture  was  used.  A  scow  was  anchored  near  the  outfall  end,  and 
aboard  it  the  concrete  was  mixed  and  sacked  dry.  The  sacks  of  concrete 
were  then  lowered  in  a  sling,  and  placed  one  at  a  time,  by  the  diver,  who 
afterwards  ripped  them  open  with  a  knife  as  placed.  The  concrete  showed  no 
sign  of  setting  up  for  two.  dasrs.  After  the  seventh  day  it  was  fairly  well 
bonded.  It.  is  now,  after  one  year,  a  fairly  good  mass  of  concrete,  which 
shows  no  damage,  either  from  the  swift  current  or  from  storms,  from  whose 
action,  except  the  fiercest,  however,  it  is  probably  protected  by  its  depth. 


.Memhole 


Refaining  Wall 


H»gh  Wafer  Line -« 


Concrete  in  Bags-'^'^f 
Fia.  7. — Anchorage  of  concrete  in  bags  for  submerged  outfall. 


It  will  be  noted  that  the  costs  of  labor  only  are  given,  and  they  depend 
considerably  on  locality  and  weather,  which  in  this  instance  was  exceptionally 
fine.  The  costs  of  materials  are  easily  ascertained  for  any  locality.  The 
costs  for  the  use  of  scows,  engines,  etc.,  will  depend  entirely  on  locality  and 
weather  conditions.  The  amount  of  concrete  deposited  was  80  cu.  yds.  and 
cost  as  follows: 


Per 

Sacking  and  mixing  concrete:  Total  cu.  yd. 

Foreman,  19  hrs.  at  35  cts $     6. 65  $0. 082 

Labor,  400  hrs.  at  30  eta 120. 00     1. 600 

Placing: 

Diver,  120  hrs.  at  $1.00 120. 00     1.  500 

Tender,  120  hrs.  at  $0.60 60. 00    0. 750 

Compressor  eng.,  60  hrs.  at  $0.40 24. 00    0. 300 

Labor,  260  hrs.  at  $0.30 75. 00    0.938 

Total $405.  65  $5. 070 


Labor  Cost  of  Forms  for  Reinforced  Concrete  Construction. — In  a  paper 
read  before  the  American  Concrete  Institute,  Feb.  14,  1916  and  abstracted  in 
Engineeilng  and  Contracting,  Mar.  1,  1916,  Bandford  E.  Thompson  gives 
the  following: 

In  reinforced  concrete  construction,  the  greatest  discrepancy  lies  in  the  cost 
of  forms.  It  is  here  that  the  contractor  and  also  the  engineer  are  apt  to  be 
fooled,  unless  ^ther  they  are  well  provided  with  unit  costs  or  else  have  handled 
work  previously  of  an  identical  nature. 

To  illustrate  the  variations  in  labor  costs  of  different  members  in  form  con- 
struction. Table  VII  presents  a  few  values  selected  from  "  Concrete  Costa"  by 
Taylor  and  Thompson. 
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Tablb  VII. — ^Labob  Costs  or  Fobms  vob  Ck>LxniNs,  Bbaub,  Gxbdbbs,  and 

Slabs 

Costa  include  10%  for  foreman  and  15%  for  superintendence,  contingencies,  etc., 
but  do  not  include  profit  or  home  office  expense.  Carpenter  labor,  50c  per 
hour;  ordinary  labor,  25c  per  hour.     Material,  1-in.  lumber. 

Place 
and  re- 
Place  and      move  Remake, 
remove        form  place 
form,            after  and  re- 
Make         first             first  more 
Sise                                                               form          time            time  form 

12-Foot  Columns — ^Labor  Cost  per  Member,  Iron  Clamps 

S-in.  by8-in $1.16  $4.68  $3.77  $5.53 

16-in.  by  16-in 1.46  5.45  4.40  6.16 

24-in.  by  24- in 1.80  6.20  5.14  6.86 

364n.by36-in 2.61  7.64  6.33  8.14 

20-Foot  Beams — ^Labor  Cost  per  Member,  Size  Measured  Below  Slab 

4-in.by8-in $0.92  $2.42  $1.97  $2.79 

6-in.  by  12-in. 1.09  2.75  2.31  3.23 

8-in.  bv  16-in 1.26  2.99  2.59  3.64 

12-in.  by  24-in 1.75  3.41  3.09  4.29 

20-Foot  Girders — Labor  Cost  per  Member,  One  Intersecting  Beam 

8-in.  by  16-in $1.38         $3.27         $2.75         $4.31 

12-in.  by  24-in 1. 82  3. 86  3. 20  5. 02 

Labor  Cost  of  Slab  Forms* 

Per  100  square  feet  of  slab  surface ....      $  .  81         $2.  53        $1. 90         $2. 06 

*  Based  on  slab  built  two  panels  per  bay. 
For  inexperienced  builders,  increase  costs  33H  %  • 
For  special  design,  add  10%  to  50%  to  "Make  Forms." 
If  no  mill  saw  on  job,  add  50%  to  "Make  Forms." 
If  old  lumber  is  used,  add  75%  to  100%  to  "Make  Forms." 
For  rectangular  columns,  select  values  for  square  columns  having  the  larger 
dimeiision  of  the  rectangle. 

For  wall  columns,  add  50  %  to  all  except  "Make  Forms." 

Design  and  Costs  of  Siding  Forms  for  a  Reinforced  Concrete  Grain  Storage 
House. — ^The  following  data  were  published  in  Engineering  and  Contracting, 
Oct.  20,  1915,  by  Wm.  Wren  Hay  and  refer  to  the  design,  construction  and 
costs  of  the  sliding  forms  for  a  large  reinforced  concrete  grain  storage  house 
located  in  Western  Canada.  The  detailed  costs  of  these  forms  were  compiled 
in  the  field  while  the  forms  were  under  construction  and  were  checked  from 
the  final  costs  after  the  concrete  was  placed  and  after  the  accounting  had  been 
totaled.  The  costs  are  the  result  of  daily  observations  as  to  labor  and  mater- 
ials in  use,  these  costs  being  derived  in  part  from  the  reports  turned  in  by  the 
foremen  and  in  part  by  i)ersonal  check  of  the  amount  of  work  completed  each 
day.  They  were  obtained  for  the  purpase  of  checking  the  work  against  the 
contractor's  estimate  of  cost,  and  were  also  used  as  a  guide  for  the  time  of 
completion  of  the  job,  as  all  work  was  conducted  on  a  rigid  schedule  to  Insure 
against  delay  in  any  part  of  it. 

In  estimating  for  such  construction  it  Is  customary  to  figure  the  actual 
contact  surface  at  so  much  per  square  foot,  and  to  figure  the  fiooring  over  the 
bins,  the  yokes,  the  jacking,  and  the  maintenance  of  the  forms  while  being 
lifted,  together  with  their  removal,  each  as  a  separate  item.  The  cost  data 
given  will  therefore  be  grouped  in  this  manner.  It  is  evident  that  the  form 
surface  is  a  function  of  the  lineal  feet  of  bin  walls,  and  that  the  number  of 
yokes  will  vary  In  a  similar  manner,  although  influenced  by  the  contact  of 
the  bin  arrangement.    The  flooring  will  vary  as  the  area  of  the  bins,  while  the 
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jacking  and  the  maintenance  are  further  influenced  by  the  height  of  the  bins 
The  item  of  removal  depends  laigely  upon  the  bin  arrangement  and  the  story 
overhead,  from  which  are  hung  the  blocks  used  for  hoisting. 

Design  Features  of  Bins. — The  bins  cover  an  area  of  11,850  sq.  ft.,  their 
width  being  74  ft.  4  ins.  .and  their  length  158  ft.  4  ins.,  including  a  projecting 
stairway  and  elevator  tower  12  ft.  wide  by  17  ft.  10  ins.  long.  The  bins  proper 
consist  of  50  circular  tanks,  each  13  ft.  in  inside  diameter,  arranged  in  five 
rows  spaced  15  ft.  6  ins.  on  centers  by  ten  rows  spaced  16  ft.  on  centers,  form- 
ing 23  inner  bins  and  13  leg  openings.  The  exterior  walls  are  run  straight 
through  tangent  to  the  circular  bins,  these  forming  26  additional  outer  bins 
The  bins  are  70  ft.  m  height,  with  a  nommal  capacity  of  500,000  bushels.  The 
bm  walls  are  all  6  ins.  thick.  The  contacts  of  the  circular  tanks  across  the 
structure  were  widened  out,  and  upon  them  rest  the  columns  which  support  the 
floors  of  the  cupola  above.  Lengthwise  of  the  bins  the  tanks  are  connected 
by  6-m.  contact  walls,  each  2  ft.  long,  except  where  the  elevating  legs  run 
between  the  pairs  of  tanks.  This  arrangement  of  bins  is  that  commonly  used 
for  houses  of  this  tyi)e  where  there  is  an  additional  storage  annex. 

Forms. — In  general,  the  forms  consisted  of  segments  made  up  of  2-in.  planks, 
spaced  28  ins.  vertically,  to  which  were  nailed  1-m.  sheathing.  The  large 
circular  forms  were  braced  by  means  of  H-iu-  rods  bolted  through  the  upper 
and  lower  segments  at  an  mclmation  of  45°,  forming  a  truss  arrangement  which 
effectually  prevented  distortion.  The  skeleton  forms  were  placed  on  the  bin- 
bottom  girders,  being  nested  together  to  form  the  6-in.  wall  space.  The 
yokes  were  then  straddled  across  the  oi>enlng.  As  fast  as  the  floor  was  laid 
over  the  forms  the  latter  were  cut  through  at  certain  lines  to  provide  slip 
jomts,  and  were  then  tied  horizontally  by  timbers  bolted  across  the  wall  space 
on  each  side  of  the  joints,  by  means  of  toggles  at  the  cuts  m  the  segments 
and  by  the  rods  bolted  from  one  yoke  to  another  across  the  cut.  These 
jomts  divided  the  entire  area  into  eight  sections  of  six  tanks  each  and  one  sec- 
tion consisting  of  two  tanks  and  the  tower.  They  were  provided  for  the  pur- 
pose of  enabling  each  section  to  be  adjusted  for  levels  mdependent  of  the 
others,  but  the  experience  on  this  work  did  not  seem  to  Justify  fully  the  addi- 
tional expense. 

PlarU  for  Constructing  Forms  and  Procedure. — The  plant  used  ia  constructing 
the  forms  was  centered  in  a  large  carpenter  shop,  48  ft.  wide  by  72  ft.  long,  m 
which  were  set  two  combination,  gasoime-driven  saw  rigs,  with  24-m.  gage 
mdustrial  tracks  for  handling  the  lumber  in  and  out  of  the  shed.  The  lumber 
was  routed  from  the  trackage,  where  it  was  unloaded  from  the  cars  into  the 
shops  for  cutting,  and  out  on  the  opi)osite  side  onto  a  large,  open-air  platform, 
upon  which  the  segments  were  nailed  on  templates  and  the  sheeting  erected. 
AU  of  the  s^rments  were  cut  to  shape  on  these  saw  rigs,  and  all  of  the  sheathing 
boards  were  also  cut  to  length  on  them.  This  work  was  done  some  time  m 
advance  of  the  actual  operation  of  sheathing,  and  the  segments  were  also 
nailed  ready  for  the  boards,  in  advance.  The  sheeting  was  actually  com- 
menced 20  working  days  before  the  forms  were  needed  for  concreting.  To 
maintain  the  necessary  schedule,  and  yet  not  crowd  the  carpenters,  a  curve 
of  parabolic  form  was  drawn  tiu-ough  the  points  representing  the  first  three 
days'  unit  progress,  this  curve  termmating  in  the  day  specified  for  the  total 
area  to  be  sheeted.  By  accounting  for  the  area  sheeted  during  each  five- 
hour  period,  and  plotting  the  points,  a  very  close  account  was  kept 
of  the  progress.  As  a  result  the  last  segments  were  being  covered  when  the 
first  completed  forms  were  started  up  to  th^  top  of  the  girders. 
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Detailed.  Costs  of  the  Forma. — The  following  data  give  the  unit  costs.  In  the 
yard,  of  the  forms,  as  detennined  from  day  to  day: 

Cost  per  sq. 
ft.  of  con- 
tact surface 


Item 

Carpenter  labor 

Superintendent 

Bolts,  etc.,  including  labor. 

Oiling  forms,  total 

Lumber 


,  r. $0. 089 

0.013 

0.010 

0.002 

0.061 

Total T $0. 175 

The  observed  rates  of  labor  were  as  follows: 

Time 
Item  Labor  force        required 

Cutting  segments,  27,500  ft.  B.  M {    2  SbSJS"^"^ 

4  carpenters 
3  laborers 
10  carpenters 
2  laborers 


Nailing  s^ments 

Sheathing  segments,  18,200  sq.  ft . 


The  carpenters  were  paid  50  cts.  per  hour  and  the  laborers  30  cts.  per  hour, 
working  10  hours  per  day.  There  was  a  total  of  5,150  iin.  ft.  of  bin  wall,  and 
the  staves  were  48  ins.  in  length.  The  actual  contact  area  was  20,600  sq.  ft. 
Of  this  amount  only  18,200  sq.  ft.  were  built  in  the  yard,  the  remainder  for 
the  exterior  perimeter  of  the  storage  house  being  cut  and  framed  on  the  floor 
during  erection.  In  the  totals  considered  later,  this  contact  area  of  20,600  sq. 
ft.  is  used. 

The  lumber  for  the  sheathing  was  a  special  1  X  4-in.  tongue-and-groove 

pine,  with  the  grooved  edge  beveled  slightly  for  the  circular  forms.    Its  cost 

was  $28  per  M.    The  cost  of  the  common  lumber  varied  from  $17.60  to  $22 

per  M,  depending  upon  the  size.    There  was  a  total  of  about  11  ft.  B.  M.  per 

square  foot  of  building  used  In  these  forms,  divided  as  follows: 

Ft.  B.  M. 

Segments 2.2 

Staves 1.1 

Flooring 3.  3 

Miscellaneous,  including  gallery,  staging,  timber  for  joints,  etc.  4. 4 

Oiling. — The  form  surface  in  contact  with  the  concrete  was  oiled  with  two 
coats  of  Ught  oil.  There  was  no  trouble  whatever  due  to  sticking  or  swelling, 
as  the  oil  pmetrated  to  a  considerable  depth  and  prevented  the  entrance  of 
water.  A  paraffin  oil,  from  which  the  small  residue  of  kerosene  remaining 
after  "freezing"  had  not  been  removed,  was  used.  This  oil  cost  22  cts.  per 
gallon  in  barrel  lots.  One  gallon  of  oil  covered  160  sq.  ft.,  two  coats,  one  man 
applying  it  at  the  rate  of  from  350  to  400  sq.  ft.  per  hour. 

Yokes. — The  yokes  used  on  the  forms  were  constructed  of  timber,  the  legs 
bein^  6  X  8-in.  pieces,  8  ft.  long.  The  jacks,  which  were  of  the  pump  type, 
were  seated  on  two  6  X  6-in.  pieces,  through  which  ran  the  l^-in.  jacking 
rod.  The  head  piece  was  a  3  X  8-in.  timber.  Double  ^^-in.  bolts  were  run 
across  the  top  and  middle,  and  the  forms  were  hung  from  the  yokes  by  means 
of  Vi-in.  rods  through  both  segments  and  the  jack  seat.  Each  yoke  contained 
about  85  ft.  B.  M.  of  lumber  and  2!5  lbs.  of  bolts  and  iron,  and  cost  slightly 
over  $5  in  place.  There  were  used  on  this  set  of  forms  244  yokes.  In  general. 
there  were  four  yokes  to  each  circular  tank.  Where  the  joints  occurred  a  yoke 
was  placed  on  each  side  of  the  joint. 


I 
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The  joints  were  made  by  overlapping  pieces  of  2  X  6-in.  timbers  where  the 
face  of  the  form  was  cut,  the  opening  being  covered  with  a  piece  of  tin.  The 
segments  were  held  together  by  a  toggle  joint,  consisting  of  a  short  section  of 
IH-in.  pipe  running  tlirough  four  steel  plates  bolted  to  both  segments,  on 
each  side  of  the  cut.  .There  were  80  of  these  joints,  the  cost  of  each  being 
about  $12,  of  which  $4.50  was  for  materials  and  $7.50  for  labor. 

Total  Coats  of  Formwork. — The  following  are  the  final  costs  as  returned  for 
tfie  various  items  discussed: 

Forms,  labor  only:  Per  sq.  ft. 

Carpenter  shop  and  yard $2, 112  or  lOH  cts. 

Placing,  including  floor 1 ,  439  or    7      cts. 

Materials,  incl.  iron,  etc 1 ,470  or    7}^  cts. 

Total $5,021  or  24^  cte. 

Maintenance,  levelin|:,  repairing,  etc $     667 

Yokes,  including  setting  jacks,  bolts,  plates,  etc 1 ,220 

Joints,  including  timbers,  bolts,  plates,  etc 960 

Total,  no  removal $7,868 

Estimated  cost  to  remove 500 

Total  cost  of  forms $8,368 

There  were  54>^  cu.  yds.  of  concrete  per  vertical  foot  of  the  bins.  This 
concrete  was  placed  at  the  rate  of  10  cu.  yds.  per  hour,  in  17H  days  of  20 
hours  each,  requiring  a  vertical  movement  of  3  ft.  9H  ins*  per  day.  The  cost 
of  the  jacking  gang  was  about  $100  per  day,  with  labor  at  30  cts.  per  hour. 
The  cost  of  placing  and  finishing  the  concrete  walls  was  $1.00  per  cubic  yard, 
plus  an  overhead  charge  of  30  cts.  per  cubic  yard,  or  a  total  of  $1.30  per  cubic 
yard.  It  cost  about  $10  per  ton  to  place  the  ^-in.  rods  used  for  reinforcing 
and  contacts,  plus  $6.50  per  ton  for  handling  in  the  yard,  or  a  total  of  $16.50 
per  ton. 

Movable  Wall  Forms  Give  Low  Cost. — Fig.  8  indicates  the  type  of  forms 
employed  in  building  two  heavy  concrete  walls  aggregating  some  1,250  cu.ft. 
at  Lock  9  on  the  New  York  State  Barge  Canal.  The  following  costs,  for  this 
work,  are  taken  from  an  article  in  Engineering  and  Contracting,  Sept.  21, 1910. 

The  labor  of  building  each  form  required  3  days'  time  for  6  carpenters. 
Two  straight  forms  were  built  and  one  curved  form.  The  cost  of  these, 
including  labor  and  material  used,  was  $525.00.  Spruce  dressed  liunber  was 
used,  at  $23  per  M.  ft.  B.  M.  The  labor  of  moving  was  accomplished  by  6 
men,  including  the  foreman,  in  from  4  to  6  hours.  This  labor  completed  the 
moving  and  Uning-up  ready  f pr  concrete.  The  rate  of  wages  for  these  men  and 
cost  of  moving  were  as  follows: 

6  hrs. — Foreman  at  $3.52  per  8-hour  day $  2. 64 

6  hrs. — 2  men  at  $3.20  per  8-hour  day 4. 80 

6  hrs. — 2  men  at  $2.40  per  8-hour  day 3.  60 

6  hrs. — 1  man  at  $2.00  per  8-hour  day 1. 50 

Total  cost  of  knocking  down  and  setting  up $12. 54 

The  cost  i)er  cubic  yard  of  forms  and  the  setting  up  for  the  entire  work  may 

be  estimated  as  follows: 

Cost  of  material  and  building  of  3  40  ft.  forms $525. 00 

36  setups  at  $12.54 451. 44 

Total $976.44 

Total  cu.  yds.  +  neatwork 4 ,  370 

Cost  per  cu.  yd.  concrete $0. 22 
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This  is  a  very  small  cost,  And  it  may  be  noted  also,  that  the  forms  on  comple- 
tion of  the  work  were  in  a  very  good  condition  and  might  have  been  used  for 
three  times  as  much  wail  as  was  built. 

This  method  may  be  used  to  best  advantage,  where  walls  are  parallel  and 
dose  together,  by  placing  the  mixer  at  one  end,  working  both  walls  forward  at 
one  time,  and  using  one  form  on  each  wall.  On  a  single  wall  the  mixer  should 
be  set  in  the  center  and  the  work  carried  from  this  point  in  both  directions. 
This  type  of  f onfl  for  long  walls  secures  the  maximiun  use  of  forms  with  the 
minimum  amount  of  movement  and  knocking  down,  and  gives  the  proper 
sequence  of  form  setting  and  placing  concrete,  using  the  average  day's  work 
of  8  hours  to  the  best  advantage. 

Comparative  Cost  of  Finishing  Concrete  Surfaces  by  Various  Methods. — 
The  report,  given  by  the  Committee  on  Masonry  at  the  1917  convention  of  the 
American  Railway  Engineering  Association,  contained  some  cost  figures 
on  various  methods  of  surface  finish  for  concrete.  The  following  notes 
published  in  Engineering  and  Contracting,  March  28,  1917,  were  taken  from 
the  February  Bulletin  of  the  Association. 

The  color  of  untreated  surfaces  and  of  nibbed  surfaces  is  due  almost 
entirely  to  the  cement  used.  With  the  other  methods  of  treatment  the  color 
and  appearance  depend  largely  upon  the  aggregates  and  by  proper  selection 
and  combination  of  these  a  variety  of  effects  may  be  obtained.  The  coarser 
the  aggregate,  the  coarser  will  be  the  texture  of  the  finished  surface.  The 
smaller  and  more  uniform  the  aggr^ate,  the  more  closely  will  the  surface 
resemble  natural  stone.  A  mixture  of  crushed  stone  and  gravel,  because  of  the 
contrast  between  the  angular  surfaces  of  the  stone  and  the  round  smoother 
surfaces  of  the  gravel,  gives  a  more  varied  effect  than  either  alone.  Pleasing 
effects  can  be  produced  by  using  marble  chips  or  other  colored  aggregate. 

rt  is  the  general  experience  that  all  treated  surfaces  darken  in  time  and  in 
many  cases  begin  to  lose  their  neat  appearance  as  soon  as  finished .  A  fruitful 
cause  of  unsightly  discolorations  is  water  seeping  through  the  seam  between 
two  layers  of  concrete  not  deposited  consecutively,  and  many  otherwise  fine 
appearing  surfaces  have  been  marred  on  this  account. 

The  use  of  special  finishes  is  comparatively  new  among  railroads  and  their 
wearing  qualities  therefore  have  not  yet  been  fully  determined.  Rubbed 
finishes  of  the  various  kinds  seem  to  have  been  most  commonly  used,  and  a 
number  of  roads  report  neat  appearing  surfaces  in  good  condition  after  3  to  8 
and  in  one  instance  15  years.  These  are  about  equally  divided  between 
cement  bricks,  carborundum  bricks  and  wooden  floats.  One  road  of  large 
experience  obtains  the  best  results  by  rubbing  first  with  wooden  fioats  and 
then  with  carborundum  bricks,  surfaces  thus  treated  being  very  satisfactory 
in  condition  and  appearance  after  6  years. 

Tooled  surfaces  are  reported  as  showing  absolutely  no  signs  of  deterioration 
after  6  years.     Other  roads  report  the  same  condition  after  4  years'  service. 

The  following  information  in  regard  to  costs  has  been  received: 

Graixd  Truck:  Ct.  per  sq.  ft. 

Bush-hammering,  250  sq.  ft.,  1:2^^:5  gravel  concrete,  wages  $4  per 

day 7.2 

Rubbing,  city  arch,  3,900  sq.  yd.,  wages  26H  ct.  per  hour 5 

Kanawha  &  Michigan: 

Rubbing  with  cement  brick 4 

Rubbing  until  all  form  marks  removed 6 

Long  Island: 

Rubbed  surfaces IH  to  2 

Tooled  surfaces 2)4  to  3 
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Miohisan  Central: 
Rubbine  with  carborundum  bricks: 

1 ,  610  sq.  ft.  abutment  surface 1.6 

1 ,005  sq.  ft.  pier  surface 2. 6 

4,200  sq.  ft.  abutment  surface 2. 8 

4,600  sq.  ft.  pier  surface 1.1 

Average 1.9 

New  York  Central: 
Rubbing  with  wooden  floats  and  carborundum  bricks: 

Varied  from 2K  to  6H 

Average 4H  to  6H 

New  York,  Chi(»go  A  St.  Louis: 

Bush-hammerins,  1 ,960  sq.  ft 11. 75 

Bush-hanunering,  5,000  sq.  f t 9. 61 

Bush-hammering,  8 ,  280  sq.  ft 10. 84 

Bush-hammering,  3 ,420  sq.  ft 6.21 

Rubbins  wood  floats.  6,250sq.  ft 0. 57 

Paneled  posts,  complete,  per  sq.  yd $19. 19 

Philadelphia  &  Reading: 

Buah-nammering 7 

Seaboard  Air  Line: 

Scrubbing 5.5 

The  P^mBylvania  Lines  west  of  Pittsburgh,  Northwest  System,  treated 
several  smskU  areas  of  surface  for  the  purpose  of  observiiig  the  effect  and  giye 
the  following  results: 

(1)  Tooth-Axed:  Area  18.5  sq.  ft.     "  Made  a  fairly  good  finish." 

(2)  Six-Point,  Bush-Hammered:  Area  16  sq.  ft.  "A  very  nice  finish,  but  a 
little  too  line." 

(3)  Four-Point,  Bush-Hammered:  Area  16.4  sq.  ft.  "A  very  good  finish, 
perhi^M  the  best." 

(4>  Beam-Hammered:  Area  16.4  sq.  ft.     "Very  much  the  same  as  No.  1." 

(5)  Crandled:  10-lb.  hammer,  area  16.2  sq.  ft.  "Very  much  the  same 
appearance  at  Nos.  1  and  4." 

All  were  dime  by  the  stonecutter  by  hand  at  a  cost  of  22  to  26  cents  per     - 
square  foot. 

The  conclusions  were  as  follows: 

1.  For  all  work  not  requiring  decorative  treatment,  spaded  finish  is  rec- 
omm^ided  as  the  most  durable,  the  most  readily  applied  and  the  most 
eccmomical. 

2.  Coating  with  a  wash  of  cement  is  not  recommended. 

3.  Rubbing  with  carborundum  bdcks  or  wood  floats  is  next  to  spading  in 
ease  of  application  and  cost. 

4.  Tooling,  alone  or  with  rubbed  margins  and  outlines,  produces  the  most 
pleasing  appearance,  and  where  ornamentation  is  desired,  these  and  the 
scrubbing  methods  are  recommended. 

5.  Careful  form  work  and  continuous  placing  of  the  concrete  are  recom- 
mended as  essential  for  all  methods. 

Finishiiig  Concrete  by  Robbing,  Floating  and  Brushing.T-The  following 
data,  on  finishing  the  concrete  surfaces  on  the  triple  60-ft.  arches  built  by  the 
Pennsylvania  R.  R.  west  of  Richmond,  Ind.  were  given  in  an  article  by  S.  M. 
Kl^n  published  in  Engineering  and  Contracting,  Jan.  11,  1911. 

Forty-eight  hours  after  the  last  batch  was  placed  in  the  forms  they  were 
lemoved  whenever  possible.    If  the  surface  was  green  and  soft,  fins  were  i 

scraped  off  with  the  edge  of  a  trowel  where  noticeable,  then  the  surface  was 
wetted  with  a  whitewash  bni^  with  clean  water  and  easily  rubbed  with  a  ^ 

3Vi  X  2H  X  6-in.,  2  to  1  mortar  brick  not  more  than  8  days  old.     The  men 
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rubbed  the  wall  with  a  circular  motion  which  left  spots  in  places.  Next  day 
the  wall  was  moistened  and  floated  all  over  the  surface  with  a  wooden  float 
and  after  that  stroked  in  one  direction  up  and  down  with  a  moist,  clean 
whitewash  brush.  Two  men  rubbed  and  finished  a  section  10  ft.  high,  30 
ft.  long  and  3  days  old  in  four  hours  at  17^^  cts.  per  man  per  hour. 

Where  the  concrete  was  a  week  old  and  older  after  forms  were  removed  all 
fins  were  removed  with  a  bush  hand  chisel  having  five  blades.  The  surface 
was  then  wetted  with  plenty  of  cold  water  and  rubbed  with  a  2\i  X  2yj  X  0- 
in.  1  to  1  mortar  brick  not  more  than  6  days  old.  One  section  was  rubbed 
down  well,  all  rod  holes  were  plugged  and  next  day  the  section  was  floated 
down  and  stroked  with  a  moist,  clean  whitewash  brush.  No  cement  wash 
of  any  kind  was  allowed.  Any  broken  comers  had  to  be  carefully  repaired 
by  thoroughly  cleaning  the  surface,  wetting  the  patch  down  wdl,  then  if 
possible  driving  20d  nails  or  railroad  spikes  into  the  concrete,  putting  up  a 
form  and  grouting  the  broken  place.  Several  patches  were  thus  made  and 
when  finished  could  never  be  discovered. 

The  surfaces  thus  rubbed,  floated  and  brushed  bleached  out  uniformly 
everywhere,  showed  neither  spots  nor  blemishes  and  gave  the  whole  face  a 
beautiful  smooth  dull  finish.  One  foreman  at  40  cts.  per  hour  and  6  laborers 
at  17^^  cts.  per  hour  averaged  25  sq.  yds.  per  man  nearly  every  day  rubbing 
and  finishing  was  done,  and  they  became  very  efficient  at  it  and  took  a  great 
deal  of  pride  in  iheir  work. 

Cost  of  Waterprooflng  Concrete  Surfaces  to  Decrease  Disintegration  by 
Frost. — ^J.  L.  Lytel,  project  manager  of  the  Strawberry  Valley  project,  Utah, 
records  in  the  "  Reclamation  Record"  for  April,  1915,  an  interesting  experi- 
ence in  waterproofing  of  concrete  surfaces.  Engmeering  and  Contracting, 
April  14.  1915,  gives  the  following  abstract  of  Mr.  Lytel's  article. 

The  storage  works  and  tunnel  of  the  Strawberry  Valley  project  are  located 
in  the  Wasatch  Mountains  at  an  elevation  of  7,500  ft.  There  is  a  wide  varia- 
tion in  temperatures  in  this  vicimty  and  the  climate  is  very  severe  during  the 
wmter  months,  the  lowest  temperature  on  record  being  50^  below  zero.  The 
snow  fall  ranges  from  10  to  24  ft.  in  depth. 

The  extreme  cold,  with  alternate  thawing  and  freezing  of  water  in  the  pores 
of  the  exposed  faces  of  the  structures,  was  found  to  have  a  very  destructive 
effect  on  these  concrete  structures  and  the  waterproofing  of  the  surfaces  was 
decided  upon  as  a  preventive  against  their  continued  disintegration. 

It  was  decided  to  treat  the  vertical  surfaces  with  alum  and  soap  solutions 
and  the  horizontal  surfaces  with  paraffine.  The  almn  solution  was  made  by 
dissolving  2  ounces  of  alum  in  1  gal.  of  hot  water.  The  soap  solution  was 
composed  of  ^4  lb.  of  castile  soap  dissolved  in  1  gal.  of  hot  water.  The  para- 
ffine was  boiled  to  drive  off  water  as  the  presence  of  water  rendered  it  hard  to 
apply.    Ordinary  commercial  products  were  used. 

The  surface  to  be  treated  with  paraffine  was  first  thoroughly  dried  and 
cleaned  of  loose  concrete,  dirt,  and  other  foreign  substances.  The  paraffine 
was  then  heated  and  applied  with  a  paint  brush,  and  was  forced  into  the  pores 
by  the  heat  of  a  blow  torch  on  the  surface.  Only  one  coat  of  paraffine  was 
applied  as  the  concrete  would  not  absorb  more. 

The  surface  to  be  treated  with  soap  and  alum  was  prepared  as  above  stated. 
The  alum  solution  was  applied  at  a  temperature  of  100°  F.  with  a  moderately 
stiff  brush  and  was  then  worked  in  with  a  stiff  horse  brush.  While  the 
surface  was  still  moist  from  this  treatment  the  hot  soap  solution  was  applied 
in  the  same  manner  as  the  almn  solution.    One  treatment  by  each  solution 
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in  the  manner  described  above  constituted  a  coat.  If  other  coats  were  con- 
sidered necessary,  they  were  applied  in  like  maimer  after  the  preceding  coat 
bad  been  allowed  to  stand  24  hours  or  more. 

Twelve  structures  were  given  this  treatment,  the  surface  area  covered  being 
{^proximately  28,000  sq.  ft.  Four  thousand  square  feet  were  treated  with 
parafitoe,  at  the  rate  of  1  lb.  for  11^  sq.  ft.,  and  the  remainder  with  soap  and 
alum.  It  required  1  gal.  of  alum  solution  and  a  H  gal.  of  soap  solution  to 
cover  50  sq.  ft.  with  two  coats.  Two  coats  of  alum  and  soap  were  applied  at 
an  average  cost  of  76  cts.  per  100  sq.  ft.,  and  the  cost  varied  from  41  cts.  mini- 
mum to  $1.28  maximum  The  cost  of  one  coat  of  parafiOne  varied  from  $1.70 
to  $3.78  per  100  sq.  ft.,  and  averaged  $2.11.  This  cost  covers  everything 
except  general  expense.  The  two  men  who  did  this  work  received  $75  and 
$80  per  month.  Brushes  cost  $6.06,  Castile  soap  12>i  cts.  per  pound,  alum 
18  cts.  per  pound,  and  crude  parafl9n  $4.80  per  hundred  weight. 

The  results  obtained  by  this  waterproofing  are  considered  very  satisfactory. 
The  structures  that  were  repaired  and  treated  have  gone  through  two  severe 
winteiB  and  no  further  disintegration  of  the  ccmcrete  on  any  part  has  occurred. 


CHAPTER  VI 
DAMS,  RESERVOIRS  AND  STANDPIPES 

This  chapter  besides  giving  general  costs  of  a  large  number  of  well  known 
reservoirs  is  largely  composed  of  detailed  methods  and  costs  of  concrete  and 
steel  structures.  For  detailed  methods  and  costs  of  building  ea^h  dams  the 
reader  is  referred  to  Gilette's  "  Earthwork  and  Its  Cost."  Further  data  on 
the  cost  of  dams  is  also  given  in  the  "Handbook  of  Ck>st  Data"  by  Gillette. 

Cost  of  Storage  Reservoirs  per  Million  Cu.  Ft. — Tables  I  and  II,  published 
in  Engineering  and  Contracting,  Sept.  4,  1912.  are  from  a  discusdon  by  Seth 
A.  Moulton  on  power  costs  and  efficiencies  contained  in  the  Report  of  the 
Maine  State  Water  Storage  Commission. 

• 

Table  I. — Cost  of  American  Storagb  Rbsbrvoxbs 
(From  James  D.  Schuyler) 

Capacity    Cost  per 
million       million 
Name  and  location  Character*  Cost         cu.  ft.  cu.  ft. 

Asokan  Reservoir,  N.  Y   .    .  .  M  and  E $12,669,775  16.030       $     792 

Belle  Fourche  Dam,  S.  D ....  E 879,164  9,360  94 

Wachusett  Dam,  Mass M...^ 2.270,116  8,420  269 

Ariscohos  Dam,  Me M  and  E 1,000.000  8.000  125 

New  Croton  Dam,  N.  Y M 7,631,000  7,840  973 

Buena  Vista  Lake,  Cal E 150,000  7,400  21 

Laramie  River  Dam,  Wyo . . .  E 117 , 200  5,230  23 

Indian  River,  N.  Y M  and  E 83,665  4,460  19 

Croton,  N.  Y M  and  E 4,150,573  4,270  972 

Lake  McMillan,  Pecos  River 

N.  M RFandE 180,000  3,880  47 

Bear  VaUey  Dam,  Cal             M 68,000  1,740  39 

Windsor,  Col E 75,000  1,000  75 

Sweetwater,  Cal M 264 ,500  980  269 

Titicus,  N.  Y M  and  E 933,065  960  972 

Bowman,  Cal RFC 151 ,  521  920  164 

Eureka  Lake,  Cal R  F 35,000  660  53 

Sodom,  N.  Y M  and  E 366.990  650  565 

English,  Cal RFC 155 .000  650  230 

San  Leandro,  Cal E 900,000  580  1,550 

Bog  Brook,  N.  Y E 510.430  550  927 

Larimer  and  Weld,  Col E 89,782  500  179 

Cuyamaca,  Cal E 54.400  490  111 

Hemet,  Cal M 150.000  460  326 

Canistear.  N.  J E 341,000  322  1.060 

Lake  Avalon.  N.  M RFandE 176,000  274  642 

Cache  la  Poudre.  Col E 110, 266  246  447 

Round  Hill,  Pa M  and  E 240, 548  176  1 .367 

Glen  wild,  N.  Y E 47,360  160  296 

Escondido,  Cal RF 100,059  152  658 

Cedar  Grove  Reservoir.  N.  J  E 660.000  94  7.020 

Tyler,  Tex.  ...I HF 1.140  77  15 

Faucherie,  Cal.» RF 8.000-  59  136 

•  RF  »  Rock  Fill,  E  =  Earth,  H  F  =  Hydraulic  Fill,  M  =  Masonry,  RFC  — 
Rock  Fill  Crib,  S  =  Steel. 

236 


DAMS,  RESERVOIRS  AND  STANDPIPES         237 


Name  and  location 


Tabls  I. — Contintied, 


Character 


La  Mesa.  Cal H  F 

Yuba,  Cal HF. 

Pedlar  River,  Va M. . 

Wigwam,  Conn M .  . 

Saguache,  Col E . . . 

Monument,  Col E . . . 

Seligman,  Aris M . . 

Walnut  Canyon,  Aria  .......  M .  . 

Apishapa,  Col ■. . . .  E . . . 

WilUams,  Aris M .  . 

Boss  Lake,  Col E .. . 

Ash  Fork,  Aria S . . . 

Hardscrabble,  Col E . . . 


Capacity 

Cost  per 

million 

million 

Coat 

cu.  ft. 

cu.  ft. 

17.000 

57 

298 

38,000 

51 

745 

103,708 

49 

2,115 

150.000 

45 

3,333 

30,000 

41 

732 

33.121 

39 

849 

150,000 

31 

4,835 

55,000 

21 

2,620 

14.772 

20 

739 

52.838 

15 

3,522 

14,654 

9 

1,628 

45.776 

5 

9,155 

9.997 

5 

1.999 

Average $     784,096       1,933       $.406 


Table  II. — Cost  of  Fobbion    Storagb  Reservoir 
(From  James  D.  Schuyler) 


Name  and  location 


Character ' 


M 


Assouan,  Egypt M . .  . 

Ekruk,  India E  and 

Lake  Fife,  India M 

Chumbrumbaukum,  India . . .  E 

Tansa,  India M 

Vyrnwy,  Wales M 

Betws,  India M 

Aahti,  India E 

Lies,  France E 

Villar,  Spain M 

Talla  Res,  Edinburgh E 

GiUeppe.  Belgium M 

Moucne,  France M 

Lake  Oreron,  France E 

Chartrain,  France M 

Beetaloo,  Australia M 

Temay,  France M 

Burrator,  England M  and  E 

Belubula,  Australia B  and  C . 


Wawy ,  France , 

Ban,  France 

Cousin,  France 

Furens,  France 

Pas  du  Roit,  France 

Remscheid,  Germany 

Sand  River,  South  Africa . 
Lauchemsee.  Germany. .  .  . 
Patas.  India. 


E 
M 

M. 
M 

.M. 
M. 

.M. 
M. 
E. 


Burraga,  Australia M 


Capacity 

Cost  per 

million 

miUion 

Cost 

cu.  ft. 

cu.  ft. 

$11,907,000 

37.600 

$     317 

666,000 

3.310 

201 

630,000 

3.290 

192 

312,000 

2,780 

113 

988,000 

2,290 

432 

3,334,000 

1,950 

1,710 

160,000 

.1,600 

100 

270.000 

1,420 

190 

598.418 

568 

1.054 

390.000 

568 

687 

1,220.000 

448 

2.720 

874.000 

424 

2,060 

1,003.667 

305 

3,290 

142.000 

257 

553 

420.000 

159 

2.640 

573.300 

128 

4.480 

204.372 

106 

.1.934 

602,300 

105 

5.730 

45,000 

87 

517 

138.940 

76 

1.826 

190.000 

66 

2,880 

247.600 

57 

4,340 

318,000 

57 

5,580 

256.000 

46 

5,570 

91,154 

35 

2,600 

140,000 

29 

4,830 

243,750 

27 

9,020 

15,925 

14 

1,137 

46,500 

13.5 

3.445 

Average $       897 ,  514       1 ,  994 

•  B  »  Brick,    C  =  Concrete.    E  =  Earth,  M  =  Masonry, 


$     450 


Cost  per  Acre-foot  of  Large  Storage  Dams. — Francis  L.  Sellow,  Project 
Engineer,  U.  S.  Reclamation  Service  in  a  discuasion  in  Proceedings,  American 
Society  of  Civil  Engineers,  Vol.  XXXI .K  (reprinted  in  Engineering  and  Con- 
tracting, May  14,  1913)  gives  the  following  costs  of  reservoirs  in  the  United 
Stat^  and  foreign  countries.     (Tables  III  and  IV.) 


238 


HANDBOOK  OF  CONSTRUCTION  COST 


s 

R  ■  •  •  •  •*  •  »•• 

S     £!    >o    -^t    <4«     ooo     to    e«    fHd 


3 


04 


08 


^   S   S   ^^   SI  s 

W      00      W       ^»-'      '^      I* 


eoa» 
oat« 


=*« 


I* 
GQ 


^       U3       «o       t* 

00       «rt«       00       «4« 
W       ^       S 


« 

O 

i 
I 


a 


o 

a 

o 

a 
o 
o 


^    iS    ;S    iS    ;S«    «    «    42iJ 


Q     oa     o     o     xco     "^     ''d 


§5   2 


xoo 


i 


o 


4) 
•»> 

O 

s 


o 
a 


t      t 


1  « 


Is 


ag 

So 


a 

o 

« 
o 


a 


o 

N 
5 


•a 


■2  o 

••/Is 

o8       0% 

2   z 


8 


9 

o 


o 

OQ 


^ 


DAMS,  RESERVOIRS  AND  STANDPIPBS  2 

11  Hi  SKI:  pf|i  mm 


liiiiiPliinili 


i 


I 


I 


li 


ill 
it 


V 


MU 


I    |s  i  S 

8      5   "   i  "■ 


fill 


^iiil* 


HANDBOOK  OF  CONSTRUCTION  COST 

! 

ill    l"^' 


I 


ti  ?Ba!!Sii  IPII  I  illl 


I  ii 


I 


.s  Ml 


ill 


1; 

■"I  s 


DAMS,  RESEBVOIRS  AND  STANDPIPES  241 


I   S   5   SK5  5S   SS|S 


^!SiiP|ii| 


11  I  I  §§l  11  §=|3  IS?  III! 


1 

illiiill 


iiil: 


242 


HANDBOOK  OF  CONSTRUCTION  COST 


Cost  of  Large  Concrete  Lined  Water  Works  Reservoirs. — The  following 
table  is  taken  from  Engineering  and  Contracting.  Dec.  23,  1014. 

Tablb  V. — Cost  of  Six  Labgb  American  Wateb  Works  Reservoirs 


Reservoir 

Sueen  Lane,  Philadelphia,  Pa 
ew  Roxborough,  Philadelphia,  Pa . . . 

Settling  Basins,  Cincinnati,  Ohio 

Service  Reservoir,  Minneapolis,  Minn. 

Prospect,  Rochester,  N.  i 

Northside,  Pittsburgh,  Pa 


Capacity  in 
million  gals. 

383 
147 
330 
03 
110 
150 


Cost 

$1,188,000 
524,000 
1,276,000 
442,000 
554,000 
676,000 


Cost  per 
million  gals. 

$3,100 
3,600 
3,900 
4,750 
6,000 
4,100 


Approximate  Cost  of  Reservoirs  per  1,000,000  Gal.  Water  Stored. — Engi- 
neering and  Contracting,  March  14,  1017,  publishes  the  following  tabulation 
from  the  report  of  the  Water  Commissioners  of  Hartford,  Conn.,  C.  M.  Saville. 
Chief  Engineer,  for  the  year  ending  March  1,  1016,  which  gives  comparative 
figures  of  size,  capacity  and  cost  of  various  reservoir  developments. 

Table  VI. — ^Approximate  Cost  op  Reservoirs  per  1,000,000  Gal.   Watbb 

Stored 


Supply 


Reservoir 


Area 
flowed, 
acres 


Hartford. Nepaug 851 

Boston Wachusett 4, 195 

New  York Ashokan 8, 180 

Salem  and  Beverly. .  .Lawrence  Station. . .  4 ,430 

Hartford Richards  Corner 437 

Salem  and  Beverly . . .  Topsfield  Station . . .  2 ,  480 

Hartford Reservoir  4 168 

Boston Reservoir  3 253 

Boston Sudbury 1 ,  220 

New  York Kensico 2 ,  218 

350 

45 

26 

32 

167 

•  185 

141 

134 

143 

32 


Cambridge Hobbs  Brk 

Hartford Reservoir  2 

Hartford Reservoir  3 , 

Hartford Reservoir  5 

Boston Ashland 

Boston Hopkinton 

Hartford Reservoir  6 

Boston Reservoir  2 

Boston : .  .  .  Reservoir  1 

Hartford Reservoir  1 

*  From  records,     f  Estimated  cost. 


Aver- 
age 
depth, 
feet 

34. 
46. 
48. 

7.6 
21. 

9.8 
11.1 
14.3 
18.2 
40.0 
13.1 
19.3 
17.2 

7.6 
26.0 
25.2 
16.1 
12.1 

6.2 
14.0 


Storage, 

million 

gallons 

9,560 

63,068 

128,000 

10,900 

3.000 

7,900 

601 

1,180 

7,254 

29,000 

1,500 

284 

146 

83 

1.416 

1,520 

765 

530 

288 

146 


! 


Cost  per 
M.  G. 
stored 

$  130* 
145* 
155* 
250 
255 
265 
290* 
360* 
395* 
396* 
400* 
420* 
460* 
570* 
575* 
600* 
786* 
880* 
895* 
1590* 


Cu.  Yds.  of  Concrete  per  Foot  of  Dam. — Fig.  1,  from  an  article  by  R.  C. 
Beardsley  published  in  Engineering  and  Contracting,  Feb.  1,  1911,  gives  the 
cu.  yds.  of  concrete  per  foot  of  dam  for  four  different  types  of  dams  and  for 
heads  of  from  1  to  225  ft.  ' 

Estimates  of  Dams. — The  following  notes  are  taken  from  Smith's  "  Con- 
struction of  Masonry  Dams*'  (1915). 

Regardhig  estimates  of  cost:  other  things  being  equal  they  will  carry  moiB 
weight  and  conviction  in  proportion  as  they  show  e\idence  of  having  been 
formed  after  careful  analysis;  i.e.,  a  reasonable  determination  of  quantities 
based  upon  some  survey  and  plan  and  a  subsequent,  complete  orderly  esti- 
mate. Thus  a  mere  statement  of  100,000  cu.  yds.  of  masonry  at  $4.50,  $450,- 
000,  while  possibly  a  very  excellent  guess  is  not  nearly  as  valuable  and  convinc- 
ing as  a  plan  or  profile  From  which  the  quantity  can  be  derived,  accompanied 
by  a  tabulation  of  all  the  items  entering  into  the  cost,  with  a  sum  of  $450^000. 
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Tbe  toUowlng  dlagiams  mity  be  of  some  asdstance  In  making  up  an  eBtimats 
although  tbey  should  be  used  only  with  some  cauttau  and  an  appreciation  ot 
th^  limits  as  to  accuracy  and  consequent  afiplioabillt;  for  the  particular 
estimate.  A  partial  list  ot  eilatlng  dams,  with  dlmenaiona.  quaotltles  ot  nia- 
■onr;.  cost  and  some  accompanying  pertinent  notes,  may  (aside  from  its 
Interest)  be  taken  as  a  very  lough  Indication  of  what  another  dam  may  cost  It 
due  regard  Is  given  as  to  whether  the  particular  circuinstanrex  ot  the  case  are 
comparable.  Such  particular  drcumatanres  are  location,  she.  accessibility, 
price  and  quality  ol  labor,  cost  ot  cement,  amount  ot  eTi-avatioo  and  refill 
involved,  amount  eipeaded  In  beautifying  the  structure  and  surrouodhigs,  etc. 


Pio.  1. — Gu.  yds.  ol  ooncreto  per  loot  of  dam. 

Obviously  the  lenetb  and  maximum  height  iw  given  in  the  table  la  only  a  very 
crude  indication  ot  tbe  amount  of  masonry  involved.  For  that  reason,  there- 
fore, it  would  be  much  preferable  to  construct  a  profile  ot  the  dam  and  from 
tbe  diagrams  (Figs.  2,  3  anil  4)  arrive  at  some  number  of  cu.  yd.  as  a 
basis  tor  comparlsoD.  However,  such  analysis  of  and  comparlsoa  with  the 
table  c&n  at  best  furnish  only  a  rough  guide  toward  intelligent  guess. 

For  the  purposes  of  a  preliminary  estimate,  it  would  be  necessary  to  have  a 
fairly  accurate  profile  across  the  vulley  or  canyon  at  the  dam-stte.  together 
with  a  fair  indication  from  borings,  test  pits  or  otherwise,  otthe  location  of  tbe 
rock  surface;  also  some  opinion  as  to  depth  to  which  it  will  be  necessary  to  go 
Into  the  rocit  tor  a  f  oundAtlon.  With  such  Information  It  should  be  sulSciently 
■ocurate  to  obtain  cu.  yd.  of  excavation  and  masonry  from  the  diagrams;  they 
ue  cooatructed  from  acceptable  masonry  sections,  and  the  possible  error 
■hould  be  much  within  that  of  the  then  available  data.  When,  however,  the 
project  bas  reacbed  a  stage  to  warrant  special  studies  and  designs  to  meet  all 
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the  particular  conditions,  much  more  accurate  and  detailed  data  in  the  way 
of  Rurveys  and  borings  will  be  at  hand.  Such  diagrams  will  then  be  super- 
seded by  sections  of  the  site  and  the  proposed  structure. 

Diagrams  /or  Preliminary  Estimates  of  Qtmntities. — For  a  preliminary  esti- 
mate of  the  quantities  involved,  based  upon  profiles  of  earth  and  rock  surfaces 
across  the  valley,  use  accompanying  diagrams  as  follows: 

For  masonry  in  a  dam  without  overflow,  assume  as  acceptable,  Wegmann's 
Practical  Profile  No.  2  as  modified  on  page  616  of  the  American  Civil  Engineers 
Pocket  Book.     (See  section  "A"  Fig.  2.)     For  cu.  yd.  of  masonry  per  lin.  ft. 

HEIGHT  BED  HOCK  TO  TOP  OP  bAM.    OVERFLOW  eEOTION 

30  40  50  60  70  80  90  100  110 120  130  140 150 160 

T 


60  IJDO  150  200 

HEIGHT  8E0  ROCK  TO  TOP  OP  DAM.     WEOMANN'S  PRAOTICAt  PfiOnU  N0.2  MODIFIED 

FiQ.  4. — Diagram  showing  cu.  yd.  of  earth  excavation. 


of  dam  read  curve  "A"  tor  neat  sectionHo  a  horizontal  base  not  including 
masonry  in  cut  off  trench. 

If  the  dam  is  built  on  surface  of  rock  add  for  masonry  in  cut-off  trench  as 
per  curve  "  C." 

If  rock  is  excavated  and  masonry  slopes  can  start  from  the  original  rock 
surface,  as  at  "  E,"  read  curve  "A"  for  a  height  above  rock  surface,  and  add 
an  amount  equal  to  rock  excavation  as  obtained  from  diagram  Fig.  3. 

If  masonry  slopes  must  be  extended  down  to  a  certain  elevation  below 
original  rock  surface,  as  at  "F,"  read  curve  "A"  for  a  height  of  dam  above 
that  elevation,  and  add  an  amount  equal  to  the  rock  excavation  below  that 
elevation. 

For  masonry  in  an  overflow  dam,  proceed  precisely  as  above,  reading  curve 
"B"  Fig.  2.  Then  if  on  account  of  height  of  dam,  or  for  another  reason,  an 
^nm  is  necessary,  add  an  amount  obtained  from  curve  "D." 

For  rock  excavation,  read  diagram  Fig.  3  in  which  ordinates  equal  depth 
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of  rock  which  it  is  assumed  necessary  to  excavate;  abscissa  r^resent  width 
of  excavation  in  terms  of  height  of  dam,  which  height  should  be  considered 
as  starting  from  the  elevation  where  the  neat  masonry  slopes  begin.  Curves 
show  cu.  yd.  per  lin.  ft.  and  include  cut-off  trench  as  per  curve  "  C "  Fig.  2. 
If  applied  to  an  overflow  dam  with  an  apron,  add  to  rock  excavation  as  thus 
determined  an  amount  at  least  equal  to  curve  "  D  "  Fig.  2  masonry  in  apron. 

For  Earth  Excavation, — Read  diagram  Fig.  4  similar  to  rock  excavation 
diagram,  observing  same  rule  for  height  of  dam.  Curves  show  cu.  yd.  per 
lin.  ft.  of  dam  for  excavation  to  1-1  slopes  starting  5  ft.  from  neat  lines  of 
masonry.  If  applied  to  an  overflow  dam  with  an  apron  add  for  tentative 
estimate  1  cu.  yd.  per  ft.  depth  of  stripping.  On  both  excavation  diagrams 
are  two  scales  for  height  of  dam,  according  to  which  masonry  section  is  being 
considered. 

Cost  of  Cyclopean  Masonry. — ^According  to  Charles  Adsit,  Engineering 
and  Contracting,  Feb.  18,  1914,  the  average  progress  of  laying  cyclopean 
masonry  for  the  intake  dam  of  Tallulah  Falls  Dev^opment  in  Georgia  was 
about  1,000  cu.  yds.  per  week. 

Rock  was  quarried  at  a  cost  of  about  $1  per  cu.  yd.,  the  force  at  the  quarry, 
consisted  of  50  men  and  2  foremen.  There  was  1  foreman  and  10  men  at  the 
mixer.  Placing  of  cyclopean  masonry  necessitated  1  foreman,  3  derrick  men 
and  6  concrete  men.  After  the  standard  wooden  forms  had  been  made  so  as  to 
be  used  over  and  over  again,  placing  and  removing  of  forms  during  construc- 
tion required  a  force  of  9  carpenters.  Ten  hours  were  worked  each  day,  except 
Sunday.  Four  men  worked  in  the  blacksmith  and  machine  shops,  and  there 
was  one  timekeeper  and  one  superintendent.  The  engineering  force  of  the 
Northern  Contracting  Co.,  the  general  contractor,  did  all  inspection  and 
Instrument  work,  and  tested  the  cement.    The  following  wages  prevailed: 

Foremen (4. 50  to  $5. 00 

Derrickmen 4. 00 

Carpenters 3.  50 

Concrete  men 1 .  75 

Common  labor 1 .  50 

Two  derricks  handled  the  rock  from  the  quarry  to  the  crusher,  and  two  der- 
ricks placed  the  cyclopean  masonry,  and  handled  the  forms. 

The  following  quantities  of  materials  were  involved  in  the  construction  of 
the  dam:  Excavation,  10,600  cu.  yds.;  Cyclopean  masonry,  39,200  cu.  yds. 
The  contract  price  for  excavation,  including  stripping,  earth  excavation,  rock 
excavation  wet  or  dry,  was  $1.50  l)er  cubic  yard.  The  contract  price,  for 
cyclopean  masonry,  concrete  in  the  bridge  piers,  and  abutments,  was  $4.80 
per  cubic  yard.  The  setting  of  gates  and  steel  girders,  and  the  reinforced 
concrete  was  paid  for  separately  as  extra  work. 

The  construction  plant  consisted  of  the  following  equipment: 

• 

1  200-HP.  Hardie  Tynes  corliss  engine. 

1  150-HP.  and  2  80-HP.  boilers. 

1  Allis-Chalmers  No.  8  gyratory  crusher. 

1  Allis-Chalmers  No.  5  gyratory  crusher. 

1  set  of  14  X  36-in.  sand  rolls. 

3  Ajnerican  Hoist  &  Derrick  Co.  derricks,  115-ft.  mast,  100-ft.  boom,  15-ton 
capacity,  30-HP.  steam  engine. 

1  wooden  derrick,  65-ft.  mast,  70-ft.  boom,  18-HP.  engine. 
18  7  X  2  X  9-ft.  steel  skips. 

3  2J^-cu.  yd.  concrete  buckets. 
1  2-cu.  yd.  Austin  cube-mixer. 
1  Duplex  steam  pump. 
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Organization  and  Output  of  Gravity  Type  Mixers  Operated  at  Kensico 
Dam. — George  T.  Seabury  in  Engineering  Record.  Feb.  13,  1915,  gives  the 
following  record  of  the  gravity  type  mixers  in  use  at  Kensico  Dam. 

Three  mixers  of  the  Hains-Weaver  gravity  type,  of  nominally  2H-yd- 
capacity,  were  used  in  1914.  The  average  batch,  however,  had  a  volume  of 
52  cu.  ft.  of  fluid  concrete.  It  was  the  study  of  the  arrangement  of  these 
mixers  and  of  their  operation  that,  to  a  considerable  degree,  made  possible  the 
really  remarkable  progress  attained.  Each  mixing  plant  had  nearby  a  large 
bin  for  the  storage  of  sand  and  stone  and  was  also  surmounted  by  a  small  bin 
for  the  same  purpose.  These  bins  were  connected  by  belt  conveyors,  the 
longest  one  of  which  was  340  ft.  in  length  between  end  pulleys.  Sand  and 
stone  were  fed  alternately  to  the  belts  and  deflected  to  their  respective  bins  at 
the  mixer  by  a  switch.  The  cement  was  kept  in  the  original  cars  which  were 
brought  on  a  standard-gage  spur  to  the  side  of  each  mixer  and  from  which  the 
bags  were  supplied  to  the  mixer  by  chutes  or  belt  conveyors. 

The  organization  of  the  mixing  gangs  when  going  at  top  speed  consisted  of 
6  men  bringing  cement  to  the  side  of  the  hoppers  and  6  more  men  filling  them 
with  stone,  sand,  cement,  and  applying  the  water.  The  last  mentioned  6  men 
were  under  an  overseer,  who  directed  their  operations,  giving  the  word  for  the 
addition  of  the  water  and  for  the  opening  of  the  measuring  hopper  doors. 
Two  men  cut  the  tapes  on  the  cement  bags  and  got  them  into  position  for 
quick  handling,  and  two  more  men  were  needed  to  remove  the  empty  bags. 
At  the  hoppers  below  were  the  three  regular  men,  and.  when  it  was  required 
to  chute  in  different  directions  a  fourth  man  was  needed  for  that  operation 
alone.  At  the  bins  above  the  mixing  platform,  one  man  was  stationed  to 
l(x>k  out  for  the  supply  of  the  sand  and  stone,  and  another  man,  located  under 
the  large  storage  bins,  fed  the  aggregate  to  the  conveyor  in  response  to  his 
signals. 

The  largest  output  of  one  mixer  for  a  single  day  in  1913  was  384  batches. 
This  year,  under  the  improved  conditions  and  the  stimulus  of  the  bonuses 
offered,  the  number  of  batches  grew  larger  and  larger  until  a  maximum  of 
653  batches  was  obtained  in  8  hr.  At  52  cu.  ft.  per  batch,  this  is  equivalent 
to  157.2  cu.  yd.  per  mixer-hour  or  2.62  cu.  yd.  per  minute. 

The  maximum  volume  of  masonry  built  in  the  best  month  this  year  was  that 
between  July  25  and  Aug.  24,  when  84,450  cu.  yd.  were  placed.  Of  this, 
7810  cu.  yd.  were  blocks  previoasly  made  and  placed  at  night,  and  1630  cu. 
yd.  were  cydopean  masonry  placed  in  a  second  shift  operated  a  few  nights,  and 
indudes  a  little  work  done  on  one  Sunday.  The  remaining  75,010  cu.  yd. 
were  placed  in  the  26H  working  days,  of  8  hr.  each.  In  this  month,  therefore, 
there  was  placed  a  daily  average  of  3126  cu.  yd.  Considering,  however,  only 
the  75,010  cu.  yd.  of  cydopean  and  mass  concrete  placed  in  the  regular  8-hr. 
day  shift,  there  was  an  average  of  2831  cu.  yd.  of  masonry  placed  per  day,  or 
353.8  cu.  yd.  per  hour. 

Unit  Cost  of  Concrete  on  Gravity  Dam. — The  Humpback  reservoir  is  the 
storage  unit  in  the  new  Sooke  Lake  water-supply  system  for  Victoria,  B.  C. 
The  main  dam  located  at  the  natural  outlet  of  the  reservoir  basin  has  a  maxi- 
mum height  of  60  ft.  and  a  total  length  of  675  ft.  The  cross-section  of  the 
dam  is  shown  in  Fig.  5. 

Engineering  Record,  Aug.  15,  1914,  gives  the  following  construction  costs. 

The  usual  full  force  employed  on  the  work  included  6  foremen,  20  mechanics, 
2  blacksmith.?  and  100  laborers.  Concreting  began  about  Sept.  15,  1913,  and 
ccmtinued  until  about  the  end  of  the  year.    The  wages  were  as  follows: 
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Common  labor •D.SIH 

Blacksnuth* .45 

CorpenUra .  53M 

ForeniMi tO.  GO  to.  60 

Board  And  camp  cbargee  to  all  wer«  tl  per  day. 


Fid.  G— Croat-nectianoCdaTD. 

I  nveragB  coat  per  yard  of  ad  foncrete  In  place  was  dlstribulod  ae  toUowa: 

Cement.  1.01  bbl.,  at  n.M 12.004 

Sand,  0.28S  ou.  yd.,  at  (3.13 892 

Gravel.  0.U2  cu.  yd.,  at  Sl.OO .142 

CnjBhod  rock,  0,840  cu.  yd.,  at  11.72 1.4M 

Plume,  0.087  cu.  yd.  at  it. 80 .157 

ts.sw 

Mixing  onJ  Placint 

Labor «.  747 

Suppliea. 018 

Took  and  equipment 014 

Mixer  pbnt 036 

Otiier  plant 021 

10.837 

Porint 

ToUl  labor 10.550 

Lumber . OM 

Plant  and  auppliH .021 

10.073 

Total  mt  pel  sdIhc  yard H.  S21 
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This  co^  figure,  however,  includes  uo  charge  for  rental  of  plant,  which  would 
be  cost  less  salvage  divided  by  9000. 

The  usual  rate  of  progress  varied  from  200  to  250  cu.  yd.  of  concrete  placed 
per  nine-hour  day,  depending  on  the  forms  available. 

Cost  of  Las  Vegas  Arched  Masonry  Dam. — ^An  arched  dam,  250  ft.  in 
radius,  of  plain  concrete,  5Q  ft.  high  and  only  15.5  ft.  wide  at  the  base,  was 
built  across  the  Gallinas  River  to  store  68,000,000  gal.  of  ;xrater  for  the  Agua 
Pura  Company  at  Las  Vegas,  New  Mexico.  Eventually  it  will  be  raised  to  a 
height  of  95  ft.  to  create  a  reservoir  of  425,000,000  gal.  capacity.  The  structure 
was  completed  on  Feb.  14,  1911,  and  in  a  paper  before  a  meeting  of  the  New 
England  Water- Works  Association  William  T.  Barnes,  of  the  staff  of  Messrs. 
Metcalf  &  Eddy,  consulting  engineers,  of  Boston,  who  designed  the  dam, 
described  in  detail  the  construction  methods  employed.  A  summary  of  his 
paper  is  giv^i  in  Engineering  Record,  Jan.  4,  1913,  from  which  the  following 
data  are  taken. 

The  concrete  plant  consisted  of  a  M-cy.  yd.  Chicago  cube  mixer.  The 
concrete  was  delivered  to  the  forms  by  wheelbarrows.  Tbe  sand  was  secured 
from  the  bed  of  the  Gallinas  River,  passed  through  a  >i-in.  screen  in  order 
to  remove  occasional  gravel,  and  hauled  fully  H  mile  up  two  long  and  steep 
hills.  The  stone  was  of  good  quality  sandstone,  and  was  crushed  locally. 
In  order  to  supply  the  stone  in  sufficient  quantity  to  keep  the  mixing  and 
placing  crews  busy  throughout  the  day  it  was  necessary  to  operate  the  crushing 
plant  in  two  shifts  of  10  and  12  hours  respectively. 

When  the  work  was  contracted  it  was  expected  that  the  cyclopean  form  of 
masonry  would  be  adopted,  and  with  this  in  view,  the  contractor  erected 
two  small  guy  derricks,  hand-operated,  which  proved  to  be  entirely  inadequate 
for  handling  the  large  stones  profitably.  Not  over  200  cu.  yd.  of  stone  were 
thus  utilized,  and  this  amount  only  in  the  lower  portion  of  the  structure.  It 
is  probable,  according  to  Mr.  Barnes,  that  not  over  20  per  cent  of  the  first 
thousand  yards  of  concrete  was  composed  of  large  stones,  or  not  over  8  per 
cent  of  the  entire  structure. 

The  dam  contains  2703  cu.  yd.  of  concrete.  The  excavation  for  foundations 
amounted  to  790  cu.  yd.  of  rock  and  245  cu.  yd.  of  earth.  The  cost  of  the 
entire  work  to  the  contractor  was  $21,289.89  and  to  the  water  company 
$23,037,93,  allowing  a  contractor's  profit  of  $1748.04.  The  scale  of  wages  per 
hour  was:  Mexican  labor,  15  cents;  sub-foreman,  17.5  cents;  engineer,  25  cents; 
carpenter,  30  and  20  cents;  foreman,  35  cents;  double  teams,  40  cents. 

Cost  of  the  Lost  River  Multiple-«rch  Curved^Dam. — The  following  is 
abstracted  from  an  article  by  W.  W.  Patch  Engineering  News,  April  30,  1914. 
To  reclaim  farming  land  being  submerged  by  the  rising  waters  of  Tule  Lake, 
which  has  no  visible  outlet,  a  dam  was  built  by  the  U.  S.  Reclamation  Service 
to  divert  a  part  of  the  inflowing  water,  the  contract  for  building  the  dam 
being  let  to  Geo.  C.  Clark,  of  Everett.  Wash,  in  Dec.,  1910. 

To  save  length  of  diversion  channel  the  dam  was  placed  on  indurated 
vcricanic  diatomaceous  ash  instead  of  on  rock.  An  overflow  capable  of 
passing  heavy  floods  being  necessary,  and  this  requiring  protection  against 
scour  below  the  overflow,  a  horseshoe-shaped  multiple-arch  concrete  spillway, 
289  ft.  in  length,  was  adopted,  with  a  low  wall  or  secondary  dam  thrown  be- 
tween the  toes  of  the  horseshoe.  The  pool  so  formed  was  floored  with  reinforced 
concrete,  covered  with  plank  secured  by  concrete  "  toe-holds."  The  masonry 
spiUway  is  flanked  by  paved  embankments,  held  in  place  at  their  spillway  ends 
by  reinforced-oonciete  retaining  walls,  31  ft.  high. 
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The  principal  features  of  the  dun  are  shovm  in  F[|t.  S. 

The  proportlona  for  tbe  concrete  used  on  theworlinere  1  cement.  2K  sand, 
gud  5  bToken  btia^t  rock.  The  latter  was  screened  into  two  sizes  which 
afterwards  were  remiiBd  In  nearly  equal  proportlone  In  order  to  minimize 
tile  percenlsge  of  TOlds.  In  pier  foundations  many  lat^  rockg  were  placed 
In  the  concrete  to  aeve  cement.  In  Joining  new  work  to  old  a  mortar  coat 
was  applied  inunadlately  ahead  of  the  first  batcb  of  concrete,  but  after 
stripping  tonne,  tiie  exposed  surfaces  were  neither  plastered  nor  coated  with 
cement  wash.  The  arches  proved  almost  absolutely  water-tight,  even  imder 
the  maximum  head  of  over  30  ft. 

The  embankments  were  constructed  in  4-ln.  layers,  wetted  and  rolled. 


•"^^^Jf^rffi 


For  rnaking  concrete  of  the  character  required  on  tbe  dam,  sand  of  pnq>er 
quality  could  not  be  had  In  the  vicinity.  Hence,  before  the  contract  was  let, 
arrangements  were  made  to  ship  it  In  75  miles  by  rail  and  then  haul  it  8  miles 
by  canal,  and  2  mllesby  wagon  to  the  work.  This  sand  on  the  Job  cost  (3,76 
per  cu.  yd.  During  the  progress  ot  the  work  the  sand  contractor  could  not 
supply  his  material  fast  enough,  and  the  quality  b^an  to  deteriorate,  so 
that  the  United  Btates  shipped  in  quartz  sand  300  miles  by  rail  from  MarTS- 
villB,  Calif.,  and  delivered  it  on  the  siding  ot  the  contractor  for  10*.  per  yd.  less 
than  he  liod  been  paying  for  the  other  sand. 

Coil  0/  Work. — The  average  force  on  the  norb  comprised  82  men  and 
36  horses,  working  for  most  ot  the  time  ten  hours  per  day.  Wages  were: 
foremen.  $4.38;  carpenters,  $5;  laborers,  12.50;  two-horse  teams.  18.26.  Tho 
labor  was  not  efficient  as  a  rule.  The  accompani^ng  table  gives  actual, 
not  contract,  cost,  and  Includes  coat  of  materials  and  engineering. 
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Cost  or  Wobk  on  Lost  Rivkb  Dam 

Cost 
Item  Unit        Quantity       Total        per  unit 

Exc.  above  Elev.  4067 cu.  yd.  9,073     $     4,743     $  0. 522 

Exc.  below  Elev.  4067 cm.  yd.          6,044  10,460         1. 73 

Embankment cu.  yd.        13, 141  8,738        0. 665 

Rolling,  sprinkling  and  overhaul 305 

Concrete cu.  yd.          5,536  84,510       15. 258 

Hndlg.  reinf.  steel lb.          209,016  7,030         0. 033* 

Hndlg.  stnictl.  steel lb.            48.254  557         0. 012 

Stone  paving cu.  yd.          1,238  3,386         2.736 

Pool  flooring ft.b.m.        25,588  846       33.07 

Tool  and  plank  house 2 ,  145 

Five  sluice  gates  and  hoists 1 ,  502 

Pump  and  turbine 1 ,118 

Stop-plank  guides 847 

Stop-planks 330 

Hand  rail 282 

Steel  rails 342 

Tram  car  and  miscell 786 

Total  cost $127,927 

*  Includes  cost  of  steel. 

The  above  includes  reasonable  allowance  for  depreciation  of  the  contractor's 
equipment,  which  comprised  the  following: 
1 — 70-hi^.  Minneapolis  traction  engine  for  operating  the  crushing,  screening  and 

mixing  plant.     This  used  4-ft.  slabs  for  fuel. 
1 — 12  X  18-in.     Aurora  portable  crusher,  with  bucket  elevator. 
1 — rotating  29-ft.  screen.  ^ 

1 — 1-yd.  Ransome  concrete  mixer. 

1 — 7  X  10-in.  double-drum  hoisting  enginie  for  excavating  with  drag-bucket. 
1 — 10-hp.  gasoline  en^ne  with  6-in.  centrifugal  pump. 
1     4  hp.  gasoline  engine  with  plunger  pump  connected. 
1 — ^band-saw  for  form  work. 
1 — bucket  elevator  for  sand  hoist. 
1 — 20-in.  blower  for  removing  surplus  dust  from  crushed  stone  and  stone  dust  so 

that  the  latter  could  be  added  to  the  sand. 
6 — 9-cu.  ft.  steel  concrete  cars  with  about  600  ft.  of  24-in.  track. 
1 — driving4eam  and  buckboard. 
Blacksmith  shop,  tools,  iron  pipe,  etc. 

All  hauling  was  done  with  hired  teams.  In  addition  to  running  the  plant 
the  traction  engine  for  the  last  two  months  of  1911  heated  all  the  water  used 
in  making  concrete  to  temperatures  of  150°  to  204**. 

Cost  of  the  East  Park  Dam,  Portland  Project,  U.  S.  RecL  Service. — The 
following  data  are  taken  from  articles  by  E.  G.  Hopson  and  F.  H.  Tillinghart 
appearing  respectively  in  Engineering  and  Contracting,  Oct.  18,  1911,  and 
Engineering  Hecord,  June  24,  1911. 

Deaign. — The  dam  rises  to  a  height  of  140  ft.  above  the  foundation  rock, 
and  is  a  solid  concrete  structure  of  the  gravity  iype,  curved  in  plan  to 
radius  of  275  ft.,  forming  a  horizontal  arch  with  abutments  in  the  rock  on  the 
aides  of  the  gorge,  thus  giving  it  a  greatly  increased  stability.  The  abutments 
being  somewhat  seamy,  it  was  not  thought  advisable  to  trust  altogether  to  arch 
action;  hence  the  combined  gravity  and  arch  type.  The  dam  also  is  located 
within  the  so-called  earthquake  belt.  At  the  top  the  dam  is  10  ft.  wide 
and  249  ft.  long,  while  the  maximum  thickness  at  the  bottom  is  86  ft. 

SptUway. — The  spillway  is  located  in  a  saddle  in  the  same  ridge  about  yi 
mile  south  from  the  dam,  the  waste  water  flowing  into  a  natural  tributary  to 
little  Stony  Creek  and  emptying  into  same  at  a  point  about  500  ft.  below  the 
dun.  Test  pits  for  foundation  showed  a  hard  blue  shale  close  to  the  surface 
of  the  ground,  conglomerate  being  encountered  only  at  the  north  abutment. 

The  trm-riiniiTn  measured  flow  of  Little  Stony  Creek  at  the  dam  site  is  8000 
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sec-ft.,  but  the  spillway  was  designed  on  the  basis  of  a  flow  of  10,000  sec.-ft. 
The  distance  across  the  saddle  where  the  spillway  is  located  is  only  about  300  ft 
In  order  to  increase  the  length  of  spillway  thereby  reducing  the  head,  a 
design  consisting  of  a  series  of  half-<drcled  of  arched  weirs,  butting  against 
piers,  was  made.  The  |)iers  are  8  ft.  wide  and  the  arches  have  a  radius  of 
13  ft.  6  in.,  the  whole  structure  being  on  a  radius  of  474  ft.  This  arrangement 
gives  a  total  length  of  459.9  ft.  and  after  reducing  for  curvature  and  incom- 
plete approach  there  is  obtained  a  total  available  length  of  414  ft.,  over  which 
the  maximum  10,000  sec.-ft.  floods  should  flow  3.7  ft.  deep,  according  to 
Hazen  and  Williams'  weir  formula,  as  derived  from  Bazin's.  The  crest  of  the 
spillway  is  at  El.  185,  making  the  high-water  elevation  in  the  reservoir 
188.7.  Small  weirs,  2  ft.  high  and  1  ft.  wide,  built  on  a  29-ft.  radius  and 
located  down  stream  from  the  overflow  weirs,  form  a  water  cushion. 

Dikes. — At  low  points  around  the  reservoir  four  small  earth  dikes  were 
constructed  ranging  in  height  from  3  to  20  ft.  The  principal  dimensions 
are  20  ft.  width  on  top.  3  to  1  water  slope  and  2  to  1  back  slope.  Rock  pitch- 
ing 1  ft.  deep  was  placed  on  both  slopes. 

Coats. — ^All  cement  was  manufactured  at  Tolenas,  Califomia,  cost  price 
f.  o.  b.  cars  being  $1.55  per  barrel.  The  cost  delivered  at  the  nearest  railroad 
station  to  the  work  was  $2.05  per  barrel.  Cement  and  all  material  brought  by 
rail  required  hauling  over  18  miles  of  mountain  road.  The  average  price  of 
hai^^ing  cement,  iron  work  and  other  materials  was  32  cts.  per  ton  mile. 
The  cost  of  road  haul  and  storage  for  cement  was  $1.08  per  barrel,  so  that  the 
net  cost  delivered  at  the  work  was  $3.13  per  barrel. 

In  the  main  dam  the  total  concrete  built  was  12,202  cu.  yds.,  in  which  12,383 
barrels  of  cement  were  used,  or  1.01  bbls.  per  cubic  yard  of  concrete.  The 
mixture  was  generally  proi>ortioned  at  1  volume  of  cement  to  10  of  the 
immixed  aggregates. 

In  the  spillway  a  richer  grade  of  concrete  was  used,  the  total  yardage  being 
1,456,  in  which  were  placed  1,758  barrels  of  cement,  or  1.21  bbls.  per  cubic 
yard  The  mixture  was  generally  proportioned  at  one  of  cement  to  eight  of 
the  unmixed  aggregates. 

The  concrete  was  mixed  in  standard  revolving. mixers  and  handled  by  cars 
and  track. 

The  principal  item  of  constructicm  was  placing  concrete  in  the  dam  and 
spillway  as  given  in  Tables  VII  and  VIII. 

Table  VII. — Cost  of  Concbetb  in  Spillway,  1,456  Cu.  Yds. 

Cost  per 

Items  Total  cost  ou.  yd. 

Cement  delivered  at  R.  R.  station  (1,758  bbls.) $3,620. 99  $  2,487 

Cement — hauling  and  storing 1 ,961. 25  1. 340 

Form— Material 373. 15  0. 260 

Form— labor 1,418.60  0.980 

Sand  and  gravel — labor  and  furnishing 2 ,  438. 80  1 .  670 

Mixing  and  placing 1,388. 70  0.960 

Finishing 414. 40  0.280 

Total $  7 .  977 

Preparatory  expense $     161. 35  0.  Ill 

Interest  on  investment 1 ,259. 00  0. 869 

Plant  depreciation 318. 95  0.  218 

Miscellaneous  and  supplies 654. 71  0.447 

Total $  1. 686 

Superintendence $1,233. 41  0. 846 

Engineering 913. 91  0. 628 

General  administration 1,503. 27  1.032 

Grand  total $12. 118 
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Tablx  VIII. — Co0T  OF  CoNCBSTK  IN  Main  Dam,  12,202  Cu.  Yds. 

Cost  per 

Items                                                                                   Total  cost  cu.  yd. 

Cement  delivered  at  R.  R.  station  (12.382  bbls. ) $25 .  333. 86  $2. 076 

Cement — hauling  and  storing 13.394. 98  1. 097 

Forms — Material 2.064. 39  0. 168 

Forms— labor 5.143.45  0.424 

Sand  and  gravel — ^labor  and  furnishing 7,074. 20  0. 580 

Mixing  and  placing  concrete 6.304. 29  0. 434 

Finishing 429.60  0.036 

Total. $4. 814 

Preparatory  expense $  1 ,817. 57  0. 149 

Interest  on  investment 4,326. 00  0. 364 

Plant  depreciation 3.201.31  0.262 

Miscellaneous  and  supplies 6,700. 08  0. 560 

Total .  $1. 316 

Stream  control  and  unproductive  work  at  quarry $  2,611. 34  0. 213 

Superintendence 7,530. 02  0. 617 

Engineering 6,800.14  0.475 

General  administration 9,540. 59  0. 782 

Grand  total $8,216 

Force. — The  contractor's  average  force  engaged  on  this  work  was  38  men, 
indudio^  8  teamsters  and  20  teams.  The  engineering  and  inspection  force 
consisted  of  4  men. 

The  total  cost  to  the  United  States  for  the  whole  work  was  as  follbws: 

Main  dam $104.358. 26 

Spillway 15,846.  52 

LAnds  for  reservoir 86 ,047. 11 

Engineering — preliminary  and  construction 32,076. 34 

Total $238,328.  23 

Cost  per  acre  foot  of  storage 5. 23 

Cost  of  Stony  River  Hollow  Concrete  Dam. — G.  H.  Bayles  gives  the  follow- 
ing data  (Engineering  News.  Jan.  22,  1914)  in  regard,  to  the  construction 
cost  of  the  dam. 

Various  rates  of  wages  were  paid  at  the  beginning  of  the  work,  but  these 

800D  settled  to  the  following: 

Mechanics,  $0.30  to $0. 50  per  hour 

Carpenters.  $0.30  to 0. 35  per  hour 

Helpers 0. 25  per  hour 

Laborers  in  cutoff  trench 0. 25  per  hour 

Other  laborers 0. 22  per  hour 

All  field  costs  included,  the  costs  of  the  parts  of  the  work  completed  with 

cableway  were  as  follows: 

Cutoff  excavation 1 .273  cu.  yd.  @  $2. 93 

Earth  excavation 3,432  cu.  yd.  @  0. 48 

Rock  excavation 44  cu.  yd.  ®  3. 43 

Crushed  stone  and  sand  for  1  cu.  yd.  of  concrete 1  cu.  yd.  @  1 .  23 

Mixing  and  placing  concrete 7 ,  694  cu.  yd.  &  0.  72 

Forms  (not  including  materials) 7 .  594  cu.  yd.  @  1 .  67 

Fiaeingsteel 366.2771b.          @  0.005 

The  dam  as  constructed  consisted  of  66  panels  16  ft.  long  with  buttress 
supports  at  eadi  panel  point.  The  maximmn  height  was  51.17  ft.  above 
foundations.  A  spillway  160  ft.  long  was  provided  with  elevation  3  ft. 
below  top  of  the  dam.  The  height  of  dam  at  the  spillway  was  34.75  ft. 
The  width  of  diun  (at  foundation  line)  varied  fr(mi  a  minimum  of  approxi- 
mfttely  Id  ft.  to  a  maximum  of  70  ft. 
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Tho  quoutitiee  from  which  the  abore 
flgutea  were  derived  were  miwle  up  from 
the  Dumbei  of  batches  placed.  It  wu 
found  that  It  required  a  little  more  tluui 
the  Agured  yardage  to  Btl  the  forms,  ang 
5%,  ukd  where  the  concrete  came  in 
contact  with  the  earth— the  footings  and 
cutoff — as  much  as  25  %  more  than  the 
neat  quantities  was  renuired,  aiut  the 
Bverage  lor  tooGlnga  waa  a  little  under 
20%. 

The  dam  site  is  19  milee  dUttuit  from 
the  nearest  railway  station,  and  aJI  men 
and  material  had  to  be  brought  In 
orer  ioeging  railroads,  which  malerially 


hdid 


not  go  down  to  solid  rock. 

Coat  of  Cot  ben  I>I*«i1od  Dam, 
Shoshooe  Itriiation  PrajecL — The  Cor- 
bett  Dlveraloa  Dam  waa  built  by  con- 
tract during  the  latter  part  of  1906,  and 
the  forepart  of  1907  for  the  total  contract 
price  of  tea,T60.  This  dam  is  located 
on  the  Shoshone  River  about  eight  miles 
below  Cody.  Wyo.,  and  la  a  part  of  the 
Irrigation  structures  pertninlog  to  the 
Shoshone  Project,  of  the  (J  S.  Reclama- 

The  following  description  of  tho 
diversion  dam  and  data  on  its  coat  are 
given  In  the  August  number  of  the 
"Beclamation  Record,"  1908.  and  rfr- 
priDted  in  Englneeriog  Record,  Aug.  22, 
lOOS. 

The  Corbett  Dam  la  at  the  reinforced 

concrete  buttressed  type,  having  a  deck 

3D  in.  thick  on  tho  upper  aide  with  a 

slope  of  1  to  1.    This  deck  rests  on  but- 

.   tresses  two  feet  thick,  spaced  14  ft.  on 


The  '. 


iinded  a 


gravel  and  shale,  and  has  a  reinforced 
concrete  platform  two  feet  thick  resting 
on  the  foundation  and  exMading  from 
the  deck  wall  downstream  to  a  distance 
ot  alwut  40  ft.  Beneath  the  deck  of  tile 
dam  and  this  plUform  are  three  cut-oO 
walls  running  lengthwise  ot  the  dam  aud 
sitaidine  down  Into  the  shale.  The 
total  length  of  the  dam  between  abut- 
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ments  is  400  ft.,  and  extending  at  the  right  abutment  of  the  dam  to  the  bluff 
is  an  earth  embankment  about  450  ft.  in  length.  At  the  left  end  of  the  dam 
are  located  the  sluiceway  and  the  headworks  controlling  the  entrance  to  the 
Ck>rbett  Tunnel. 

Careful  records  of  cost  were  kept  during  the  constructicm  of  the  dam,  and 
the  data  relating  thereto  are  given  in  Table  IX  under  the  primary  heading  of 
distribution  of  cost  and  under  the  secondary  heading  of  the  class  items  of  the 
schedule.  Labor  conditions  were  extremely  bad  during  the  entire  construc- 
tion period,  but  the  contractor  was  provided  with  fairly  efficient  equipment. 
Laborers  were  paid  at  the  rate  of  $2.50  to  $3  per  eight-hour  day,  carpenters  at 
the  rate  of  $3  to  $4.50  and  teams  at  the  rate  of  $2.50  per  eight-hour  day. 

There  was  no  suitable  sand  for  concrete  in  the  vicinity  of  the  dam,  and  it 
was  necessary  to  establish  a  crushing  plant  for  manufacturing  the  same  from 
cobblestones.  The  crusher  and  concrete  mixer  were  located  at  a  distance  of 
about  400  ft.  frbm  the  right  abutment  of  the  dam.  The  concrete  was  hauled 
from  the  mixer  to  central  points  on  the  dam  by  means  of  cars  of  one-half 
cnibic  yard  capacity  drawn  by  horses.  At  these  central  points  the  concrete 
was  transferred  to  small  hand  carts,  and  thus  conveyed  to  various  local  points 
on  the  dam. 

The  shore  aids  of  the  dam  were  constructed  during  ordinary  stages  of  the 
river  without  diverting  the  river  from  its  channel.  For  the  portion  of  the 
dam  in  the  channel  of  the  river  it  was  found  necessary  to  construct  a  tem- 
porary dam  from  the  end  of  the  sluiceway  wall  diagonally  across  the  river, 
thus  jdi verting  the  entire  low-water  flow  of  the  river  through  the  sluiceway. 
'  The  total  actual  cost  for  all  of  the  items  tabulated  was  $127,277.43. 

Cost  of  Concrete  Core  Wall,  Moltne  Pool  Dam. — J.  B.  Bassett  in  "Pro- 
fessional Memoirs"  described  the  methods  and  costs  of  construction  of  the 
concrete  core  wall  in  Moline  Pool  Dam  in  the  Mississippi  River  at  Moline, 
m.  The  following  is  taken  from  an  abstract  of  that  paper  published  in 
Engineering  and  Contracting,  July  27,  1910. 

The  core  wall  was  constructed  to  make  more  permtment  the  loose  rock  fill 
dam  forming  "  Moline  Pool"  which  in  times  of  high  water  acted  as  a  spillway 
and  was  therefore  subject  to  disintegration  from  the  top. 

The  construction  details  are  as  follows:  A  dipper  dredge  is  first  employed 
to  dig  a  trench  along  the  toe  of  the  dam  to  steepen  the  slope  to  its  most 
abrupt  angle  of  repose  and  to  get  down  through  the  mud,  sand,  etc.,  to  the 
scHid  rock  bottom.  Following  the  dredge  a  drillboat  is  employed  to  drill 
h<des  10  ft.  apart  along  the  toe  of  slope  and  approximately  3  ft.  therefrom. 
These  holea  are  carefully  placed,  as  the  alignm^it  of  the  wall  depends  on  their 
proper  location.  Upright  6X8  in.  form  posts  haying  a  2-in.  steel  rod, 
pointed  on  the  lower  end,  bolted  thereto,  and  allowed  to  extend  about  l^i  ft. 
b^ow  the  end  of  the  post,  are  then  set,  being  dropped  into  the  boles  by  the 
drillboat  crew  as  fast  as  the  holes  are  drilled,  and  left  standing  Later  the 
posts  are  lined  up,  slanted  to  a  batter  of  about  1  to  3V^,  and  tied  to  anchorages 
in  the  rock  dam  by  3  X  6-in.  strips  bolted  to  the  sides  of  the  posts.  The 
remaind^'  of  the  form  consists  of  horizontal  6  X  6-in.  waling  strips  spaced  by 
means  of  sink  planks  about  3^^  ft.  between  centers,  and  2-in.  plank  sheathing 
set  on  end  to  make  as  good  a  contact  as  possible  with  the  irregular  bottom. 
It  will  be  noted  that  only  the  face  side  of  the  wall  is  joined,  the  rough  slope 
of  the  dam  forming  the  back  side,  except  near  the  top,  where  the  section  is 
reduced  to  a  finish  to  a  2-ft.  width  of  coping. 

The  concrete  plant  was  erected  on  a  flat  barge  and  consists  of  a  rolling 
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drum  mixer  and  small,  stifiF-leg  derrick  with  a  40-ft.  boom,  together  with  the 
necessary  boilers, -hoisting  apparatus,  etc.  This  barge  is  floated  alongside 
the  form,  with  the  gravel  and  cement  barges  on  its  other  side.  A  straight 
sided,  bottom-dumping  bucket  was  designed  for  the  work,  arranged  with  two 
doors  joining  at  the  center  and  held  shut  by  latches  that  can  be  tripped 
at  will  by  latch  strings.  The  concrete  is  deposited  directly  in  the  water  with 
this  bucket  with  very  little  agitation  or  loss  of  cement.  For  conveying  the 
raw  material  to  the  mixer  a  special  arrangement  of  an  automatically  dumping 
skip  car  was  devised.  A  hinged  and  counter-weighted  track  extension  allows 
the  car  to  run  out  to  the  center  of  the  gravel  barge  moored  alongside,  where  it 
is  filled  by  hand.  The  car  itself  is  gaged  so  that  the  proper  quantity  may  be 
secured.  A  small  barge  containing  the  cement  is  moored  alongside  the 
gravel  barge,  the  cement  being  carried  a  few  steps  by  hand  and  dumped  into 
the  skip  car  from  the  containing  sacks. 

The  proportions  used  average  about  1  cement  to  6  gravel.  For  the  deeper 
portions  of  the  wall,  the  gravel  is  reduced  to  about  a  l-to-5  mixture  to  allow  for 
some  loss  of  cement,  but  the  top  of  the  dam  is  made  of  proportions  of  about 
1  to  7.  The  gravel  is  furnished  on  United  States  barges  by  contract,  being 
pumped  direct  from  the  river  bed.  It  is  not  screened  and  re-mixed,  as  is  the 
practice  in  some  localities,  since  the  natural  mixture  is  quite  imiform  and  tests 
show  voids  running  from  12.5  to  17  per  cent.  The  depth  of  water  in  which 
concrete  has  been  deposited  varies  from  5.5  to  17  ft.  A  considerable  length 
of  wall  was  built  with  the  depth  at  the  latter  figure.  In  this  case  it  was  found 
inadvisable  to  attempt  to  carry  the  wall  to  completed  height  in  one  day, 
due  to  the  excessive  pressure  on  this  style  of  form.  It  can  be  readily  seen  that 
a  continuous  contact  between  the  form  and  the  rough  rock  bottom  would  not 
be  had.  Occasionally,  a  stone  would  fall  from  the  dam  and,  lodging  along  the 
line  of  the  form,  would  prevent  the  sheathing  from  reaching  to  the  proper 
depth,  and  a  hole  would  be  the  result.  It  was  found  that  concrete  to  a  height 
of  3  or  4  ft.  would  not  run  out,  but  if  an  attempt  was  made  to  carry  the  section 
to  completion  a  leak  would  result,  and,  once  started,  it  could  not  be  stopped 
until  equilibrium  was  restored.  For  this  reason  the  custom  was  established 
of  building  the  deeper  sections  in  two  layers.  Scrap  steel  rods,  etc.,  in  short 
lengths  were  stuck  into  the  first  layer  to  assist  in  bonding. 

When  the  work  was  started,  alternate  sections  were  constructed,  the  inter- 
mediate sections  being  filled  later;  but  in  some  cases  where  the  dam  behind  the 
wall  had  quite  a  strong  leakage  it  was  found  better  to  build  continuously  and 
push  the  leak  ahead,  each  day's  work  being  ended  at  a  bulkhead.  Later, 
this  practice  was  followed  altogether.  Some  cement  was  lost  at  points 
opposite  the  leaks,  but  not  enough  to  materially  weaken  the  dam.  It  must 
be  remembered  that  the  upper  part  of  this  wall  is  the  vital  part,  as  the  dam 
breaks  from  disintegration  on  the  crest.  For  this  reason  a  reinforcing  rod 
of  about  seven-eighths  inch  diameter  is  run  longitudinally  about  6  ins.  b^ow 
the  coping  of  the  wall,  tied  by  8-ft.  rods  set  vertically  near  the  face  of  the 
wall  and  bent  at  the  top  to  hook  over  the  longitudinal  rod.  This  is  done  to 
hold  in  place  any  chimks  of  concrete  which  might  come  loose  through  shrink- 
age cracks  or  from  impact  of  running  ice. 

'  The  work  is  being  conducted  by  hired  labor,  and  the  wages  paid  on  the 
concrete  outfit  are  as  follows: 

One  foreman,  at  $90  per  month;  1  derrickman,  at  $90  per  month;  2  firemec, 
at  $40  per  month;  1  hoistman  on  conveyor,  at  $40  per  month;  I  watchman, 
at  $40  per  month;  11  laborers,  at  $1  to  $1.25  per  day,  depending  on  scarcity 
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of  labor.  Also,  the  drillboat  crew,  of  1  drillrunner,  at  $60  per  month,  and  1 
fiieman,  at  $40  per  month. 

Subsist^ice  and  sleeping  quarters  are  furnished  to  all  employes  in  addition 
to  the  above  wages.  Eight  hours  constitute  a  day's  work,  and  the  usual 
Saturday  half -holidays  are  allowed  at  full  pay  during  July,  August  and  Septem- 
ber. Full  pay  is  allowed  to  all  employes  for  all  legal  holidays.  Weather 
conditions  are  usually  good  in  the  sununer  season,  but  about  six  weeks  in  the 
spring  and  four  weeks  at  the  end  of  the  season  in  November  are  usually 
attended  by  storms  and  exceedingly  high  winds. 

The  cement  is  taken  from  the  cars  and  stored  in  a  warehouse  and  after- 
wards loaded  on  the  barges  by  hand.  All  cement  is  tested  in  a  laboratory 
on  the  office  boat. 

The  dredging  and  towing  expense  is  also  charged  for  the  time  put  in  by  the 
dredge  at  digging  the  trench  and  by  the  towboat  in  carrying  the  various 
supplies  to  the  work. 

A  cost  statement  of  the  work  to  date  is  as  shown  by  the  accompanying 
table: 


Table  X. — Cost  Statement 
13,112.6  cubic  yards  concrete,  6,301.8  linear  feet  of  wall. 


Amount 


CoBt  per  cu.  yd.  of 
concrete 


Items 

Preliminary  expense: 

(plant  equipment,  warehouse,  etc.)  $  6,530. 12 $0. 4980 

Quota  miscellaneous  charges 


Superintendence  and  office: 


jpei 

field 

Quota  R.  I.  office  charges . 


375. 12 

5,551.26  $0.4233 
2,060.92       .1672 


.0286 


Total , $0.5805 

Excavation ^  . . 1 ,241.  56 0947 

Forms: 

Material 2 ,  752. 39  $0. 2099 

Labor 2,514.95       .1917 

DriUing 660.  67       .  0504 

Drilling,  coal  for 186.  53       .  0142 

Total $0.4662 

Materials: 

Cement 17,952.  72  $1. 3691 

Cement  handling 936. 02       .  0714 

Cement  tests 627. 39       .  0479 

Gravel 7,140.71       .5446 

Reinforcement 290. 08       .  0221 

Towing 2,889. 68       .  2204 

Towing,  coal  for 942. 03       .  0718 

Total $2.3473 

Mixing  and  depositing: 

Labor 7,890.41  $0.6017 

Coal 843.10       .0643 


Total $0.6660 

BackfiUing 766.47 0585 

Plant  repairs 572. 92 0437 


Total $62,725. 05 

MisceUaneous 283. 40 

Plant  charge  (rental) 4,995.  74 


$4.7835 
.0216 
.  3810 


Total,  including  plant  charge .     $68 ,  004. 19 $5. 1861 

17 


Cost  per 
lin.  ft. 
of  wall 

$  1.037 


8.917 


$9,954 
.045 
.762 

$10,791 
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The  above  statement  includes  all  money  spent  on  the  work  in  plant  con- 
struction and  operation,  material,  and  supplies  of  all  kinds,  repairs  during 
season,  superintendence,  field  and  main  office  charges  and  a  plant  charge 
presumed  to  be  equal  to  its  rental  charge  were  it  not  owned  by  the  United 
States  Government. 

Cost  of  Constmcting  Small  Concrete  Dam. — ^Engineering  and  Contracting. 
March  15,  1911,  gives  the  cost  of  a  hollow  concrete  dam  70  ft.  long  and  4  ft. 
high  built  at  East  Earl,  Pa.  by  H.  L.  Bauman  using  day  labor. 


Creek 


—y-g-"-^ 4ff. 

Section 
Fia.  7. — ^Plan  and  section  of  concrete  dam. 


Fig.  7  shows  the  essential  dimensions  and  it  will  be  noted  that  the  con- 
crete structure  is  hollow,  is  divided  into  compartments  by  interior  cross  walls 
of  dry  masonry  and  that  the  compartments  are  filled  with  gravel.  The 
concrete  used  was  a  1 : 2  ^^ :  5  mixture  plastered  with  a  1 : 1  mortar.  The  amount 
of  concrete  is  not  recorded  but  estimating  from  the  sketch  and  from  the  amount 
of  concrete  used  it  was  about  40  cu.  yds. 

Item  Cost 

Hauling  gravel  (3  men  3  days  at  $1.75) S  15.  75 

Hauling  gravel  (2  men  and  team  1  day  at  $3.00) 6. 00 

Hauling  gravel  (2  men,  horse  and  cart,  3  days  at  $2.25) 13. 50 

Screening  sand  from  gravel  (1  man  3  days  at  $1.75) 5.  25 

Washing  gravel  (6  men  1  day  at  $1.75) 10.  50 

Pump  and  pumpman  (1  day  at  $5) 5. 00 

Cofferdam  (3  men  4  days  at  $1.75) 21. 00 

Cofferdam  (2  men,  horse  and  cart,  2  days  at  $2.25) 9. 00 

Excavation  (6  men  2  days  at  $1.75) 21. 00 

2,000  ft.  B.  M.  from  lumber  at  $20  per  M 40. 00 

Delivering  lumber 5. 00 

Settling  forms  (2  men  2  days  at  $1.75) 7. 00 

Placing  concrete  (7  men  3  days  at  $1.75) v . . .  .  36.  75 

2  hp.  gasoline  mixer  engine  3  days 3. 00 

Removing  forms  and  clearing  away  (2  men  1  day  at  $1.75) 3. 50 

Plastering  (4  men  1  day  at  $1.75) 7. 00 

Pump  20  hrs.  at  40  cts 8. 00 

Charges  on  borrowed  pump 7.  50 

10  tons  Atlas  cement  at  $8  delivered 80. 00 

Total $304. 76 

A  lO-hoiu-  day  was  worked. 
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Cost  of  Small  Concrete  Dam  Built  by  Unskilled  Labor. — Fred.  J.  Wood  in 
Engineering  Contracting,  Marcti  26,  1913,  gives  the  methods  and  cost  of 
constructing  a  small  concrete  dam  at  Paris,  Maine. 

The  dam  has  a  total  length,  on  the  top,  of  about  48  ft.,  of  which  only  20  ft. 
are  of  the  full  height  of  3  ft.  The  section  being  so  small,  a  32-in  base,  bringing 
the  resultant  within  proper  Umits,  the  dam  was  made  rectangular  in  section 
and  of  that  width.  No  other  engineering  problems  were  involved;  the 
foundation  was  a  solid  ledge  without  a  sign  of  a  seam,  and  the  locaticm  was 
between  two  ledge  walls  which  narrowed  as  they  stretched  down  stream. 
A  man  of  many  years'  experience  as  a  contractor's  foreman,  who  had  had 
charge  of  some  concrete  construction,  composed  the  wh(^  "expert"  force. 
He  was  told  to  build  the  dam  on  the  lines  outlined  above  and  left  to  his  own 
devices.  The  dam  was  built  October  2  to  9,  1912,  while  the  river  was  very 
low. 

First,  a  diversion  dam  was  built  of  feed  sacks  full  of  sand,  placed  above  the 
dam  site  and  at  a  point  to  turn  the  river  flow  through  the  canal  leading  to  the 
mill..  The  canal  was  cleared  of  rubbish,  all  gates  opened  wide,  and  the  end  of 
the  penstock  taken  ofiF,  by  all  of  which  means  nearly  the  entire  flow  was 
diverted  from  the  new  work. 

Much  difficulty  was  found  in  securing  laborers. and  only  by  offering  nearly 
double  wages  could  a  gang  of  ten  men  be  secured  for  two  days.  With  the 
help  of  one  laborer,  a  handy  man  with  carpenter  tools,  and  a  horse,  the  river 
had  been  diverted,  the  site  cleared,  and  the  form  built  by  the  night  ot  Oct.  6, 
and  a  full  gang  of  ten  m&a.  reported  on  the  morning  of  the  7th. 

An  adjacent  pile  of  old  railroad  ties  was  soon  transferred  into  a  cob  house 
trestle  across  the  river  bed  adjoining  the  form  and  about  a  foot  above  its  top. 
This  planked  over,  formed  the  mixing  platform  and  the  runways.  The  sand, 
previously  hauled  from  a  bank  a  mile  away,  had  been  dumped  on  the  bank  at 
the  west  end  of  the  dam,  with  emery  ore  (used  as  aggregate  because  con- 
venient) immediat^y  behind  it.  Not  enough  water  ran  past  the  work  to 
provide~the  amount  needed  for  mixing,  so  a  supply  was  brought  and  placed 
in  barrels.  Mixing  and  placing  concrete  began  about  10  o'clock  and  occupied 
the  rest  of  the  day  and  about  four  hours  of  the  next  day. 

Distribution  Per 

Labor:  Cost  cu.  yd. 

Filling  sacks  and  building  diversion  dam $  14.  375  $  1 .  65 

Cleaning  diversion  channel 4. 50  .52 

Clearing  site 4.225  .49 

Building  forms 16. 50  1. 90 

Building  mixing  platform  and  runways 6. 45  .74 

Handling  material  to  the  mixing  platform 13. 60  1 .  57 

Mixing  and  placing 27. 70  3.18 

Cleaning  up 13.25  1.52 

Time  lost  by  rain 2.65  .30 

Total  for  labor $103.  25  $11. 87 

Material: 

Emery  ore  (at  price  quoted  for  trap  rock) $  30. 00  $  3. 45 

Cement,  delivered 35. 00  4. 02 

1,500  ft.  B.M.  boards  for  forms,  delivered 30. 00  3. 45 

10  lbs.  8d.  wire  nails  at  4  cts .40  .05 

20  loads  of  sand  at  5  cts 1.00  .11 

Hauling  sand,  2M  days  at  $3 7. 50  .86 

ToUl  for  material $103. 90       $11. 94 

Total  for  labor 103.25         11.87 

Grand  total $207. 15      $23. 81 
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The  form  was  simply  built  with  longitudinal  top  and  bottom  stringers,  tied 
across  the  top  at  intervals  and  braced  from  the  outside,  with  vertical  boarding 
on  their  inside  faces. 

Laborers  were  paid  $2.50  per  day,  one  dollar  more  than  the  customary  rate 
in  that  section.  The  cement  a  standard  brand  of  Portland  was  obtained 
from  a  local  dealer,  the  sand  was  also  locally  secured,  and  the  concrete  was 
mixed  in  the  proportions  of  1:2:4. 

Life  of  Equipment  Used  in  Building  Dam  by  the  Hydraulic  Fill  Method. — ^The 
following  data  are  taken  from  an  article  in  Engineering  Record,  July  11,  1914. 

In  placing  2,000,000  cii.  yd.  of  material,  in  a  dam  145  ft.  in  height  and 
1,700  ft.  long,  about  95%  of  the  material  was  moved  by  water  and  5%  by 
Fresnos  in  building  up  the  dikes. 

The  material  was  conveyed  a  maximum  distance  of  3,000  ft.  with  a  normal 
flow  of  water  of  12  sec.-f t.  With  a  normal  solid  content  of  water  about  10  per 
cent  and  with  a  head  of  50  ft.  otk  the  pumps,  which  were  12  X  12  in.  centrifu- 
gals, operating  at  600  r.p.m.,  the  life  of  the  manganese  steel  runners  was  about  3 
months.  The  life  of  the  14  ga.  steel  distributing  pipe  with  10  ga.  slip  johit 
butts  was  about  500,000  cu.  yd.  of  material  handled.  The  pipe  cost  48.75^ 
per  ft. 

A  crew  of  6  men  for  each  shift  operated  2  pipe  systems  and  deposited  8,000 
cu.  yd.  per  24  hours.  Additional  men  were  required  for  making  the  dikes 
and  shifting  the  plant. 

Dimensions  of  Storage  Tanks  or  Reservoirs  for  Economical  Design. — In 
Engineering  News-Record,  April  3,  1917,  Arthur  Jobsou/gives  the  following 
formulse  for  obtaining  such  dimensions  that  the  construction  cost  of  a  storage 
tank  or  small  reservoir  will  be  a  minimum.  The  formulse  were  obtained 
by  finding  expressions  for  the  cost  of  the  sides  and  bottom,  adding  them 
to  get  an  expression  for  total  cost  and  equating  the  first  derivative  to  zero. 

The  final  equations  obtained  are  as  follows: 


and 


T^SCt 


^^  (2) 


ClWlW2 


in  which  R  is  radius  in  feet;  V,  capacity  in  cubic  feet;  loi,  weight  per  cubic 
foot  of  material  in  sides;  tot,  weight  per  cubic  foot  of  reservoir  contents;  ci, 
cost  per  pound  of  installing  sides;  ct,  cost  per  square  foot  of  installing  bottom; 
S,  allowable  unit  stress  in  pounds  per  square  foot  for  material  in  sides,  and  d, 
depth  in  feet. 

It  is  interesting  to  note  in  equation  2  that  the  proper  depth  for  the  lowest 
cost  is  independent  of  volume  or  capacity.  For  any  assiuned  capacity  tne 
depth  will  be  constant  for  given  values  of  unit  stress,  costs  of  installing  sides 
and  bottom,  imit  weight  of  contents  and  unit  weight  of  side  material 
Trial  computations  with  equation  1  wiU  show  that  for  the  value  of  R  giving 
the  lowest  cost  the  cost  of  installing  the  sides  and  bottom  will  be  approxi- 
mately equal,  as  they  should  be  theoretically. 

The  quantity  ciis  intended  to  include  all  expense  for  labor  and  material 
in  connection  with  the  cost  of  installing  the  sides,  and  ct  may  not  only  include 
the  expense  for  labor  and  material  in  laying  the  bottom,  but  also  the  cost  of 
grading   and  leveling  the  reservoir  site.    In   the  use  of  these  equations,  S 
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should  be  assumed  rather  small,  for  two  reasons — ^to  allow  for  effidency  of 
riveted  joints  and  to  proportion  proiierly  the  thickness  of  vertical  sections 
of  the  plate  so  that  the  actual  net  area  may  approximate  the  theoretical  area 
used  for  computing  weight  and  cost.  For  steel  plate  with  an  ultimate  strength 
of  60,000  lb.  per  square  inch,  a  factor  of  safety  of  4,  and  a  joint  efficiency  of 
70  %  the  writer  found  that  the  value  of  S  to  be  used  was  about  1.206,000.  or 
9000  lb.  per  square  inch. 

Siiies  of  Constant  Thickness. — If  the  side-plate  thickness  is  arbitrarily 
selected  without  reference  to  the  depth  or  diameter,  the  expressions  for  the 
most  economical  dimensions  become:    

R  _  1^  (3, 

and 

d  -  -^  (4) 

tWlCl 

where  t  is  plate  thickness  in  feet. 

If  the  value  for  R  given  by  equation  3  is  substituted  in  the  total-cost 
formula,  it  can  be  shown  that  the  dimensions  giving  the  lowest  cost  result  in 
making  the  cost  of  the  sides  equal  to  twice  the  cost  of  the  bottom,  as  against 
these  costs  being  equal  where  the  thickness  of  the  plate  is  assumed  to  vary 
either  with  the  depth  or  with  the  diameter  of  the  reservoir. 

Cost  of  Open  Concrete  Reservoir. — The  following  unit  costs  of  constructing 
the  1,300.000  gaL  concrete  reservoir  for  Webb  City,  Mo.  are  given  by  E.  W. 
Robinson,  in  Engineering  Record,  May  11,  1912.  The  reservoir  was  100  X 
200  ft.  by  9.5  ft.  deep,  no  roof  was  provided. 

Cost  op  Concrbtb  Rbservoir 
Wallb: 

Concrete  (634.6  cu.  yd.) —  Unit  coet  Total 

Materials $5,053         $3,206.62 

Mixing  and  placing 1,217  772.31 

Placing  steel,  labor 0. 024  15. 23 

Forms  (634.6  cu.  yd.) — 

Making  and  setting 1.007  639.04 

Removing,  labor 0. 098  62. 19 

Plastering  (980  sq.  yd.) — 

Materials 0. 170  166. 73 

Labor 0.145  141.78 

Total  for  walls,  634.6  cu.  yd.,  at  $7.885 $7. 885         $  5 , 003. 90 

Floob  (432.8  cu.  yd.): 

Concrete  base  (323.8  cu.  yd.) — 

Materials 2. 758  8^3. 13 

Labor 1. 156  374. 43 

finish  (109.0  cu.  yd.)— 

Materials 5. 473  596. 52 

Labor 1.774  193.37 

Asphalting  (1972  sq.  yd.) — 

Materiab 0.431  962.29 

Labor 0. 052  106. 95 

Total  for  floor,  432.8  cu.  yd.,  at $6. 954         $  3,009. 74 

Excavation  (3242  cu.  yd.) 551. 14 

Embankment 348.  29 

Bond  and  insurance 73. 00 

Superintendence 700. 00 

Overhead  charges 500. 00 

Grand  total $10, 186. 07 
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Common  labor  was  paid  $2,  carpenters  $3  and  $3.60,  helpers  S2.50  and 
teams  $3.50  per  day  of  10  hours.  The  man  in  charge  of  placing  the  steel 
was  paid  $2.50,  and  a  few  other  men  received  $2.25,  $2.50  and  $2.75  per  day 
for  special  reasons.  As  a  whole  the  labor  was  fairly  efficient,  but  would  have 
been  more  so  under  more  compet^t  supervision.  The  excavation  was 
sub-let  to  another  party  at  $0.17,  which  allowed  but  small  profit.  The 
item  of  superintendence  included  the  time  of  two  members  of  the  contracting 
firm  that  was  spent  upon  the  job,  and  one  paid  superintendent  for  part  of  the 
time.  The  item  of  overhead  charges,  which  was  partly  an  estimation  and 
partly  taken  from  statements  from  the  contractors,  included  traveling  and 
other  general  expenses,  and  though  excessive  was  not  far  from  the  actual 
expense  incurred. 

The  aggregate  use  is  what  is  known  as  "chats"  or  "tailings"  which  is 
crushed  blue  and  white  fiint  running  in  size  from  H  to  H-in.  and  is  obtained 
from  the  various  mills  of  the  zinc  mines.  The  mix  was  1  part  of  cement  to 
2  parts  of  fine  "tailings"  to  4  parts  of  coarse  "tailings."  TaUings  can  gener- 
ally be  had  for  the  hauling. 

Cost  of  Covered  Concrete  Reservoir. — Q.  Stanley  Whitehead  gives  the 
following  data  in  Engineering  Record,  July  1,  1911. 

The  reservoir,  for  the  town  of  Brookline,  Mass.  is  circular  in  form  with  a 
capacity  of  4,000.000  gals.,  180  ft.  in  diameter  and  23.5  ft.  deep  at  the  wall. 
The  side  walls  are  of  reinforced  concrete.  2  ft.  thick  at  the  top  and  3.5  ft. 
thick  at  the  bottom,  with  a  batter  of  ^  in.  per  foot  on  the  inside.  The 
bottom  slopes  toward  the  center  at  the  rate  of  0.5  per  cent,  with  a  channel 
sloping  in  the  opposite  direction  to  drain  off  the  water  when  emptied.  The 
roof  is  of  mushroom  construction,  upheld  by  square  reinforced  concrete 
piers,  and  is  covered  with  14  in.  of  cinders  and  10  in.  of  loam;  this  and  the 
adjoining  embankment  slopes  have  been  grassed  over  and  treated  as  a  small 
park. 

The  reservoir  was  so  located  on  the  hill  as  to  make  the  cut  and  fill  about 
equal.  After  stripping  the  surface  loam  the  material  encountered  in  the 
excavation  consisted  entirely  of  hardpan,  which  was  hauled  largely  by  carts 
and  dumped  between  the  reservoir  wall  and  retaining  wall  to  form  the  slopes. 
The  fill  thus  made  was  thoroughly  rolled  with  a  two-horse  grooved  roller. 
After  the  reservoir  wall  was  closed  in,  the  excavation  was  removed  by  the 
use  of  a  derrick  set  up  just  outside  the  main  wall  and  used  later  to  carry  the 
concrete  from  the  mixing  plant. 

A  concrete  retaining  wall,  18  in.  wide  on  top,  with  a  batter  of  ^i  in.  to  the 
foot  on  the  inside  and  1  in.  to  the  foot  on  the  outside,  nearly  encircles  the 
reservoir.  It  is  of  1:2:4:  Portland  cement  concrete,  varying  from  2  to  6 
ft.  in  height,  and  takes  the  earth  embankment  graded  to  a  IH  to  1  slope  from 
the  roof  of  the  reservoir.  It  was  built  primarily  to  shorten  that  portion  of  the 
embankment  that  faces  private  residences.  The  foundation  is  of  stone 
and  cinders  extending  4.5  ft.  below  the  natural  surface  of  the  ground,  at  the 
bottom  of  which  is  a  6-in.  tile  pipe,  laid  to  drain  the  wall  and  take  any  possible 
leakage  from  the  reservoir.  No  reinforcement  was  used  in  the  wall;  con- 
sequently, cracks  extending  from  top  to  bottom  opened  up  about  every  60  ft. 
after  standing  through  the  first  winter.  This  condition,  however,  was 
expected,  and  no  effort  was  made  to  prevent  it,  as  the  wall  will  be  ultimately 
covered  with  vines  and  shrubbery. 

The  concrete  in  the  main  reservoir  wall  is  composed  of  1  part  Atlas  Port- 
land cement,  2  parts  sand  and  4  parts  screened  gravel  containing  stones  not 
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larger  than  2K  in-  The  reinforcement  consists  of  IH  &nd  K-in-  round  bars, 
spaced  as  shown  in  the  cross  section.  The  bars  were  held  in  place  by  the  use 
of  perpendicular  steel  lattice  work  supports  set  15  ft.  apart;  the  ends  of  the 
rods  were;lapped  40  diameters  and  wired. 

Cost  of  Concbbte  p&r  Cubic  Yard 

Main  Wall 

Labor S  2. 64 

Cement • 2.04 

Gravel  and  sand 2. 84 

Steel 2. 26 

Lumber .77 

Tools,  concrete  mixer  supplies  and  miscellaneous 1. 00 


Credit  for  sale  of  material . 


$11.45 
.34 


Total  cost  per  cu.  yd $11.11 

Retaining  Wall 

Labor $  2. 54 

Cement 2. 04 

Gravel 2. 84 

Lumber .77 


Total  cost  per  cu.  yd $  8. 19 

Floor,  Piers  and  Roof 

Labor $  3. 14 

1.11 

2. 85 

2.54 

1.56 

99 


Lumber. 

Gravel  and  sand 

Cement 

Steel  

Tools,  cars,  derriclc  and  miscellaneous . 


Credit  for  sale  of  material . 


$12. 17 
.29 


Total  cost  per  cu.  yd $11. 88 

Waterproofing  roof .99 

Plastering  bottom  and  sidewalk .97 

Cost  of  Labor  and  Materials 

Cement $  1. 62  per  bbl. 

Sand  and  gravel 2. 10  per  cu.  yd. 

Lumber  • 23. 00  to  $29. 00  per  M. 

Steel 0. 015  per  lb. 

Labor 2. 25  per  day 

Dimension  lumber  cost  $29.00  per  M. 


The  total  cost  of  the  reservoir,  including  the  land  purchased  and  the  con- 
struction of  1500  ft.  of  roadway,  was  $80,212. 

Cost  of  Small  Reinforced  Concrete  Reservoirs. — ^John  W.  Ash  in  Engineer- 
ing Record,  Jan.  25,  1913,  gives  the  following  costs  of  constructing  the  con- 
crete tanks  and  reservoir  for  the  waterworks  plant,  Dalton,  Ga. 

The  main  reservoir  is  80  ft.  in  diameter,  21  ft.  deep,  and  has  10-in.  walls, 
wHh  coping  floor  6  in.  thick.  The  footing  course  is  12  in.  deep  and  2  ft.  wide. 
Concrete  was  a  1:2:4  mixture.  The  construction  of  the  main  reservoir, 
which  is  located  on  the  top  of  a  hill  about  300  ft.  above  the  creek  level,  in- 
volved some  features  a  Uttle  out  of  the  ordinary.  There  was  no  road  to  the 
top  and  to  have  built  one  would  have  required  considerable  time  and  money. 
It  was  decided,  therefore,  to  put  the  mixing  plant  at  the  foot  of  the  hill  and 
haul  the  concrete  and  other  materials  to  the  top  on  a  tramway.    The  tramway 
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ties  were  polee  and  strioi^er  pieces  and  the  rails  were  made  of  2  X  4-in. 
timbers,  laid  double  and  well  spiked  together.  The  total  length  of  tramway 
was  about  900  ft. 

The  concrete  was  carried  in  two  concrete  carts;  each  cart  carried  one  batch. 
While  these  were  being  hauled  to  the  top  and  returned  empty  two  more 
would  be  loaded  and  ready  when  the  empties  returned.  At  the  top  the  landing 
platform  was  nearly  on  a  level  with  the  top  of  the  reservoir  walls,  but  as  these 
walls  were  carried  up  in  7-ft.  sections,  the  concrete  was  dumped  down  a  chute 
to  a  platform  on  a  level  with  the  top  of  the  section,  where  it  was  rehandled 
with  wheelbarrows.  After  the  work  of  concreting  was  well  started  and  each 
m{ui  knew  just  what  he  was  to  do,  a  round  trip  could  be  made  very  quickly. 
The  best  day's  run  was  74  trips  in  8  hours — ^less  than  7  min.  to  a  trip.  The 
average,  however,  was  about  9  min.,  owing  to  an  occasional  derailm^it  or 
other  slight  delay.  The  car  made  about  800  trips  and  got  away  once  through 
some  carelessness  in  letting  it  get  unhooked  after  landing  at  the  top. 

It  took  about  3  hours  to  get  the  track  back  in  shape,  rig  another  car  and 
start  running  again.    This  was  the  only  accident  and  no  one  was  hurt. 


Reservoir  Costs 

Hauling         Labor 

Shanties,  tool  and  cement  houses   $  67. 00 

Tramway 103. 20 

Excavation,  1650  cu.  yd 333. 00 

Backfill 28.50 

Concrete,  282  cu.  yd $213. 70  396.  75 

Steel 18.00  183.45 

Forms 252. 25 

Finishing     and     water-proofing 

walls 42. 70 

Hauling  water 30. 00       

Erecting  and  handling  outfit. ...       27.  25  84.  65 

Coal,  oil,  waste,  etc 

Depreciation,  repairs,  etc 29.  75 

Operating  tramway 210. 00 

Waterproofing  compound 


Material 

46.20 
53.70 
12.60 


900.25 

1 , 197. 32 

261.81 

28.60 


67.90 
232.50 

193! 66 


Total 

f     113.20 

156.90 

345.60 

28.50 

1,510.70 

1,398.77 

514.06 

71.30 
30.00 
111.90 
67.90 
262. 25 
210.00 
193.00 


Grand  total $5,014. 08 


The  coagulating  basin  is  40  ft.  inside  diameter  and  10  ft.  deep.  The  walls 
are  9  in.  thick  and  bottom  is  4  in.  thick.  The  basin  has  four  wooden  baffle 
walls  built  of  2-in.  plank  and  4  X  6-in.  posts.  The  concrete  was  mixed  in  the 
proportions  of  1:2:4. 

COAGULATINO    BaSIN    CoBTS 

Labor      Material      Total 

Excavation,  325  cu.  yd $160. 25  $  34. 75  $195. 00 

Concrete,  56  cu.  yd 50.  60  214.  70  265.  30 

Steel,  3030  lb 24. 20  65, 90  90. 10 

Forms 58. 10  52. 15  110.  25 

Baffle-walls 12. 30  72. 00  84. 30 

Finishing  and  waterproofing 23. 90  12.  30  36.  20 

Pipe  connections,  etc 8.60  3.70  12.30 

Grand  total $793.  45 

The  clear  water  well  is  40  ft.  inside  diameter,  12  ft.  deep,  with  9-in.  walls, 
6-in.  floor  and  a  self-supporting  concrete  roof  having  a  rise  of  4  ft.  at  the 
center,  where  there  is  a  4-ft.  man-hole  with  screen  ventilator.  The  mixture 
of  concrete  used  was  1:2:4. 
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Clear  Water  Well  Costs 

Labor 
Wet  ezcav.,  150  cu.  yd $  65. 00 


Concrete,  128  cu.  yd 

Forms 

Reinforcement,  7880  lb 

Pipe  conn's,  ventilator,  etc 

Coal,  oil,  waste,  etc 

Finishing  walls 


146.40 

115.20 

59.10 

13.50 

' ie! 25 


Material 

1484! 66 

128.00 

213.90 

12.25 

21.30 

8.70 


ToUl 

65.00 

630.40 

243.20 

273.00 

25.75 

21.30 

24.95 


Grand  total $1 ,283.  60 

Cement  cost  $1.35  per  barrel;  sand,  $1.05  per  ton;  stone,  $1.43  per  ton. 
Labor  was  $1.35  and  $1.50  per  day;  carpenters,  $2.25  to  $3.50  per  day. 
The  labor  item  includes  foremen  and  superintendence. 

Cost  of  Concrete-Lined  Oil-Storage  Reservoirs. — Bulletin  155  of  the 
U.  S.  Bureau  of  Mines  prepared  by  C.  P.  Bowie  givea  some  detailed  costs 
and  specifications  for  constructing  reservoirs  of  the  above  type.  The  follow- 
ing matter  is  taken  from  an  abstract  of  this  bulletin  published  in  Engineering 
and  Contracting,  May  15,  1918. 

The  reservoirs  are  commonly  circular  in  plan,  and  are  constructed  by 
making  an  excavation  and  building  an  earthen  embankment  with  the  exca- 
vated material.  The  area  within  the  inner  crest  of  the  embankment  is  then 
covered  with  a  wooden  roof  and  the  bottom  and  sides  of  the  inclosed  place 
lined  with  concrete. 

The  dimensions  of  a  typical  container  are  as  follows:  Inside  diameter  at  top, 
488  ft. ;  inside  diameter  at  bottom,  437  ft.  6  ins. ;  maximum  depth,  approxi- 
mat^y  25  ft.  11  ins.  The  slopes  of  the  embankment  are:  Slope  of  embank- 
ment inside  reservoir,  1  to  1 ;  slope  of  embankment  outside  reservoir,  2  to  1 ; 
slope  of  embankment  top  of  reservoir,  20  to  1.  The  width  of  the  embank- 
ment on  top  is  15  ft.  The  roof  is  constructed  of  wood,  covered  with  roofing 
p^>er. 

The  cost  of  such  a  reservoir  would  be  10  to  13  cts.  per  barrel  of  capacity, 
dependent  on  the  situation  and  other  governing  conditions.  On  a  basis  of 
11  cts.,  the  cost  would  be  distributed  approximately  as  follows: 

Cost  of  earthwork,  cts 3.5 

Cost  of  roof,  cts 3.0 

Cost  of  concrete  lining,  cts 4.5 

Total,  cts 11.0 

An  unllned  earthen  reservoir  with  the  same  type  of  roof  construction  would 
cost  7  to  9H  ct-  ft  barrel,  and  it  is  estimated  that  a  concrete  lined  reservoir 
with  a  concrete  roof  on  concrete  roof  supports  and  covered  with  2  ft.  of  earth 
would  cost  about  30  ct.  a  barrel. 

The  following  figures  for  labor  costs  cover  the  construction  of  two  750,000- 
bbl.  r^nforced  concrete  lined  reservoirs  built  at  Bakersfield,  Cal.,  during  the 
winter  and  spring  of  1913-14: 


Earthwork: 

Excavating  for  embankment,  per  yd $0. 22 

Lining  inner  slopes  with  selected  material,  per  yd 51 

Finishing  floor,  per  sq.  ft 005 

Excavating  for  pier  footings,  trenches,  etc.,  per  yd 70 

Trimming  slopes,  per  sq.  ft 012 
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Roof: 

Hauling  lumber  from  cars  (H  naile).  per  M 1. 19 

Framing  lumber  for  roof,  per  M 1.60 

Erecting  roof,  per  M 3. 80 

Sawing  sheathing,  per  M 1. 35 

Roofing: 

Laying  roofing  paper,  per  square 12 

Hauling  roofing  gravel  from  cars  (H  niile),  per  ton 25 

Placing  asphalt  and  gravel  coating,  per  square 32 

Concrete  lining: 

Hauling  cement  from  cars  (H  mile),  per  ton 54 

Hauling  sand  from  creek  bed  (2  miles),  per  yard 86 

Hauling  rock  (H  mile  from  cars),  per  yd 50 

Laying  reinforcing  metal  on  slope,  per  square 16 

Laying  reinforcing  metal  on  floor,  per  square 08 

Pouring  concrete  piers,  per  yd M.  63 

Pouring  concrete  noor,  per  yd •2. 51 

Pouring  concrete  slope,  per  yd "S.  46 

*  Including  cost  of  rock,  at  11.60  per  ton.     All  material  except  sand  and  gravel 

was  furnished  by  the  jDwner  at  the  Southern  Pacific  R.  R.  H  niile  distant  from 

the  work. 

The  figures  given  are  based  on  the  following  conditions: 
Situation  of  reservoir,  H  mile  from  railroad. 
Formation  of  soil,  light  sandy  clay. 
Excavators  used,  wheel  and  "fresno"  scrapers. 
Hours  worked  a  day,  9. 
Wage  paid  laborers,  $2.50  a  day. 
Wage  paid  carpenters,  $3.50  a  day. 
Wage  paid  concrete  laborers,  $2.75  a  day. 
Wage  paid  concrete  finishers,  $4.50  a  day. 
Wage  paid  foremen,  $6  a  day. 

Cost  of  Small  Reinforced  Concrete  Reservoir. — C.  A.  Bingham  In  Engi- 
neering and  Contracting,  April  3,  1912,  gives  the  following  costs  of  construct- 
ing a  small  concrete  reservoir  at  Mt.  Holly,  Pa.  The  reservoir  was  built  in 
1909  by  the  Cumberland  Clay  Co.  to  impound  water  for  various  processes 
in  the  refining  of  clay. 

The  reservoir  is  73  ft.  long  and  53  ft.  wide  and  5  ft.  inside  depth,  thus  holding 
140,000  gals.  About  3  ft.  of  the  wall  is  in  cut,  which  was  shale  and  tough 
clay;  and  the  remainder  is  above  the  natural  surface.  The  walls  are  6  ft. 
total  height,  and  12  ins.  thick  at  top  and  18  ins.  at  bottom,  with  an  inside 
heel  12  X  15  ins.  Batter  is  all  on  the  outside.  On  three  sides  a  fill  was  made 
to  within  18  ins.  of  top  of  wall,  but  on  lower  side  this  would  have  meant  an 
excessive  cost  so  buttresses  were  built  every  10  ft. 

The  waUs  were  heavily  reinforced  both  horizontally  and  vertically  with  light 
rails  and  other  steel  on  hand  and  at  the  comers  heavy  steel  bent  to  right 
angles  was  placed  on^l2-in.  centers,  the  arms  nmning  from  3  to  6  ft.  into 
each  side  wall.  Keyed  expansion  joints  were  used  every  30  ft.  The  floor 
was  constructed  by  a  well  puddled  mixture  of  day  and  gravel  and  given  a 
surfacing  of  4  ins.  of  concrete  and  cut  in  blocks. 

A  heavy  wire  fence  was  placed  on  top  of  the  wall.  The  outlets  to  the 
mills  are  controlled  by  valves  and  the  overflow  is  taken  care  of  by  a  small 
spillway.  After  three  years  of  service  the  reservoir  is  as  good  as  the  day 
completed;  the  only  maintenance  being  an  occasional  cleaning  of  the  day 
sediment  on  the  bottom.    It  doesn't  leak  at  all  and  the  walls  haven't  cracked. 

The  work  was  performed  by  the  company  forces  under  plans  of  the  writer; 
and  the  sand  and  gravel  was  procured  on  the  property.    The  cost  data  follow : 
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Excavation: 

1  foreman  7  days  at  $2 $  14. 00 

7  laborers  7  days  at  11.25  up 75. 25 

2  carts  5  days  at  $3 30. 00 

Total  for  360  cu.  yds. $119.  25 

Cost  per  cu.  yd.,  excavation,  33  cts. 

Concreting: 

FtMin  work:  Carpenter  and  helper  (old  lumber  used) .• $  22.  75 

Mixing  and  placing:  Foreman  7  days  and  7  laborers  7  days 75. 25 

I^aterials* 

186  bbls.  cement  at  11.35 249. 75 

192  cu.  3rd8.  gravel  at  $0.40 76. 80 

Reinforcing 16. 00 

Total  for  144  cu.  yds.  concrete $440.  55 

Cost  per  cu.  yd.,  concrete,  $3.06. 
Cl%y  floor,  fence,  miscellaneous  (not  including  pipes  or  valves) 84. 40 

Total  cost $644. 20 

The  cost  of  the  reservoir  complete  per  1,000  gals,  was  $4.60. 

Cost  of  Reinforced  Concrete  Cisterns  at  Fort  Moultrie,  Charleston,  S.  C. — 

R.  A.  Boothe  gives  the  following  in  Engineering  and  Contracting,  Aug. 

9.  1911. 
This  work  consisted  of  three  30,000-gal.  and  four  8,000-gal.  capacity 

reinforced  concrete  dstems  for  the  War  Department  at  Fort  Moultrie, 

Charleston,  S.  C. 

The  large  cisterns  were  24  ft.  in  diai^eter  and  10  ft.  high  inside  with  a  10-in. 
drain  and  10-in.  inlet  and  overflow.  They  were  built  with  a  12-in.  base 
28  ft.  4  ins.  in  diameter,  reinforced  in  the  center  with  No.  10  expanded  metal 
with  6  X  3-in.  mesh.  The  walls  were  8  ins.  thick  and  were  reinforced  with 
^^-in.  twisted  vertical  rods  spaced  12  ins.  on  centers  and  H-in.  twisted  hori- 
zontal rods  spaced  2.4  ins.  for  the  first  2  ft.;  3  ins.  for  the  next  1  ft. ;  4  ins.  for 
the  next  2  ft. ;  and  6  ins.  for  the  last  4  ft.  The  roof  was  a  10-in.  slab,  rein- 
forced with  ^-in.  rods  spaced  ZH  ins-  centers  both  ways. 

Tlie  small  cisterns  were  13  ft.  in  diameter  and  10  ft.  high  inside  with  an  8-in. 
drain  and  overflow  and  6-in.  inlet.  They  were  built  with  a  12-in.  base, 
reinforced  the  same  as  the  large  cisterns.  The  walls  were  8  ins.  thick  with 
^^-in.  twisted  vertical  rods,  spaced  12  ins.  on  centers,  and  H-in-  horizontal 
rods,  spaced  4  ins.  centers  for  the  first  3  ft.  and  6  ins.  centers  for  the  remaining 
7  ft.  The  roof  was  a  6-in.  slab  reinforced  with  ^s-in-  rods,  spaced  4  ins. 
centers  both  ways. 

Each  cistern  had  an  18  X  24-in.  trapdoor  in  the  roof.  All  concrete  was  a 
1:2:4  mix.  using  Pom-Pom  grav^  and  ^^-in.  crushed  granite. 

The  segments  for  the  wall  forms  were  sawed  at  the  mill  out  of  2  X  12  in. 
longleaf  yellow  pine.  They  were  sawed  to  the  exact  outside  diameter  and  the 
inx^  parts  were  trimmed  on  the  job  with  sharp  hatchets  to  fit  the  inside 
diameter.  Th^re  were  six  segments  in  each  circle  for  the  small  cisterns  and 
tw^ve  in  each  circle  for  the  large  ones.  The  circles  were  spaced  2  ft.  centers 
and  IH  in.  long  leaf  yellow  pine  was  used  for  sheeting. 

On  the  first  cistern  that  was  built,  which  was  a  small  one,  the  walls  and  top 
were  built  together  but  it  was  found  to  be  too  hard  to  remove  the  forms 
through  the  small  trapdoor,  so  for  the  others  the  forms  were  built  in  sections 
flxtending  from  the  bottom  to  the  top  and  one  segm^it  wide  for  the  inside 
form.  After  the  complete  inside  drum  was  built  the  vertical  rods  were  placed 
and  the  horizontal  rods  heat  around  and  fastened  to  them.    Every  sixth 
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vertical  rod  was  held  in  place  by  a  block  spacer.  The  horizontal  rods  were 
wired  to  the  vertical  rods  at  every  other  joint,  the  ties  being  staggered. 

The  outside  forms  were  then  placed.  These  were  2  ft.  high  and  one  segment 
wide  and  were  made  so  that  the  next  section  fitted  into  the  one  below.  As 
soon  as  one  section  was  filled  with  concrete  the  next  was  placed,  three  car- 
penters being  able  to  keep  up  with  the  concrete  gang.  All  of  the  segments 
were  fastened  together  at  the  joints  with  cleats  and  were  found  to  be  so  rigid 
that  no  braces  were  necessary. 

After  the  walls  had  set  the  cleats  were  knocked  off  and  the  sections  removed. 
On  the  inside  one  of  the  joints  was  left  wide  as  it  was  found  to  be  necessary 
to  cut  out  one  board  before  the  forms  could  be  removed.  The  sections  were 
then  slid  out  over  the  top  and  2  x  4-in.  uprights  were  placed  on  the  inside, 
these  carried  the  2  x  6-in.  cross  pieces  on  wliich  the  floor  for  the  top  was  laid. 
The  cross  pieces  were  spaced  2  ft.  centers  and  the  uprights  4  ft.  centers  while 
the  sheeting  was  the  same  as  that  used  for  the  walls.  The  top  was  then  con- 
creted and  after  it  had  set  about  six  days  the  forms  were  removed  and  passed 
out  through  the  trapdoor. 

All  of  the  concrete  was  mixed  by  negroes  on  boards  as  the  cisterns  were 
too  far  apart  for  a  central  mixing  plant  and  each  one  was  too  small  to  pay  for 
the  setting  up  of  a  mixer. 

The  laborers  were  paid  15  cts.  per  hour  and  worked  8  hours.  The  carpen- 
ters were  also  negroes  and  received  20  cts.  per  hour  with  the  exception  of  the 
head  carpenter  who  was  a  white  man  and  received  30  cts.  per  hour.  There 
were  no  foremen  as  the  superintendent  looked  after  everything  with  the 
assistance  of  a  young  man  who  kept  the  time  and  account  of  supplies  and 
occasionally  acted  as  gang  foreman  on  excavation. 

The  usual  routine  was  to  mix  and  place  the  base  for  a  small  cistern,  then 
while  the  carpenters  were  erecting  the  wall  forms,  mix  and  place  the  base  for  a 
large  cistern,  then  come  back  and  flU  the  forms  on  the  small  one  while  the 
carpenters  were  building  forms  on  the  large  one. 

In  placing  the  walls  and  top  of  the  small  cisterns  the  concrete  was  mixed 
on  the  ground  and  passed  up  in  buckets  by  hand  as  the  nature  of  the  surround- 
ings did  not  allow  the  use  of  runways,  but  in  building  the  large  one  runways 
were  built  and  the  concrete  wheeled  into  place.  Although  passing  the  con- 
crete up  in  buckets  was  slow  it  was  not  a  great  deal  more  expensive  than 
wheeling.    The  cost  of  large  cistern  was  as  follows: 

CONCRUTINa 

Base:  Per 

cu.  yd. 

22  laborers  8  nrs.  at  15  cts $26. 40     $1. 10 

Superintendent 6. 00      0. 12J^ 

Total $31. 40    $1. 12>i 

Walla: 

15  laborers  9  hrs.  at  15  cts $23. 15     $1. 21 

Superintendent 5. 00         .25 

Total $28. 15     $1. 46 

Roof: 

10  laborers  7  hrs.  at  15  cts $20.  70    $1. 38 

Superintendent 25. 00         .33H 

Total $26. 70    $1. 71H 


DAMS,  RESERVOIRS  AND  STANDPIPES 


269 


BuiLDixo  FoBMS  For  Walls 

1  carpenter  62  hre.  at  30  cts $18. 60 

2  carpenters  62  hrs.  at  20  cts 24. 80 

2  laborers  39  hrs.  at  15  cts 11. 70 


$55.10 
This  gives  a  cost  of  $.04  per  sq.  ft.     Removing  same  $4.00,  or  $.009  per 
sq.  ft. 

Building  Fobms  Fob  Roofs 

1  carpenter  18  hrs.  at  30  cts $  5. 40 

2  carpenters  18  hrs.  at  20  cts 7. 20 

2  laborers  18  hrs.  at  15  cts 6. 40 


$18.00 

This  gives  a  cost  of  $.0355  per  sq.  ft.    Removing  the  forms  cost  $7.75  or 
$.005  per  sq.  ft. 

Placing  Stsiil 
Walls: 

Per  ft.       Per  lb. 

8  laborers  8  hrs.  at  15  cts $9.60     $0.0029     $0.0038 

Superintendent 8. 00      0. 0005       0. 0007 

Total $11.60     $0.0034     $0.0046 

Roof: 

11  laborers  1  hr $1. 65       $0. 001 


The  cost  of  two  small  cisterns  was  as  follows: 


Concrete,  per  cu.  yd , 


Steel,  per 
Forms,  per  sq.  ft. 
Removing  same . . 


Base 
$1.29 


Walls 

$1.51 
0.005 
0.037 
0.005 


Roof 

$1.80 
0.001 
0.04 
0.01 


The  costs  are  higher  than  they  should  be  on  this  class  of  work.  This  was 
caused  by  the  inexperienced  labor  and  because  the  work  was  scattered. 
Also  by  the  engineer  insisting  on  a  number  of  minor  details  that  were  unnec- 
essary but  caused  additional  work. 

Cost  of  Underground  Concrete  Cisterns. — Cisterns  of  75,000  gal.  capacity 
were  constructed  in  San  Francisco  as  auxiliary  water  supply  for  fire  protec- 
tion. There  were  85  new  cisterns,  built  beneath  the  surface  at  street  crossings 
their  exact  position  indicated  by  a  distinctive  type  of  pavement  over  them. 
A.  J.  Cleary  gives  the  detaUed  costs  of  a  typical  cistern  in  Engineering  Record, 
July  26,  1913. 

The  cisterns  were  constructed  by  contract,  but  very  accurate  cost  data  were 
lo^t  by  the  city's  bureau  of  engineering.  Following  is  a  typical  cost  account 
for  constructing  the  cistern  shown  in  Fig.  8. 

Detail  Costs  of  Concrete  Cistern 

General  Expense 
Labor  Cost: 

Supmntendent,  219H  hours  at  87^  cents $192. 06 

Timekeeper,  142H  hours  at  Ziyi  cents;  5  hours  at  50  cents 47. 03 

Watchman,  652  hours  at  31)4  cents 203.  76 

Total $442. 84 

Material  Cost: 

Telephone $  28. 50 

Office  rent  and  horse 21 .  00 

10  gfX.  coal  oil  at  20  cents 2. 00 

Total $  61. 50 
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FiQ,  B.— ^Typicsl  rdnforced-conerBle  id»l«nl. 

UborCoet: 

Foremsn,  IflQH  hgurt  Bt  43^  centa S  74.15 

ForeiBBQ,  46h  houre  »t  50  cbMh 33.36 

Ltbonn.  1B81  hours  at  26  cent. 49S.  2fi 

Tmm.  317M  houra  at  75  cenle 238.  IZ 

Total »830.77. 

Material  Cwt: 

Motor  rent t  10.00 

Electrio  power 10. 00 

DepreciaUon  on  equipment GO. 00 

Total »  70,00 
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Lagging 
Labor  Coet: 

Foreman,  148  hours  at  50  cents , "  .  $  74. 00 

Foreman,  66  hours  at  43^  cents 24.  OQ 

Laborers,  764^  hours  at  26  cents 188.  62 

Laborers,  893H  hours  at  31K  cents 279.  29 

Electrician,  77H  hours  at  37H  cents 29. 06 

Total $595. 03 

Afaterial  O^ost  * 

4410  ft.,  2  X  8  R.  P.,  at  15  cents $  66. 15 

1  keg  nails 3.00 

Total $  69. 15 

Pumping 

Labor  Cost: 

Foreman,  11  hours  at  50  cents $  5.   0 

Foreman,  29  hours  at  43^  cents 12.  69 

Electrician,  88H  hours  at  37H  cents 33. 19 

Laborers,  240  hours  at  31H  cents 75. 00 

Laborers,  83H  hours  at  25  cents 20. 87 

Total $147. 25 

Material  Cost: 

7H-hp.  motor,  4-in.  pump,  105-ft.  R.  P.,  at  $15  per  M $     1.60 

100-ft.  T.  &  Q.,  at  $20  per  M 2. 00 

Motor  rent 30. 00 

Electric  power \ 49. 00 

Installation  fee 10. 00 

Total $  92. 60 

Bottom  Rbinfobcing  Stbbl 

Material  Cost: 
Housesmiths,  160  hours  at  62H  cents $100. 00 

Labor  Cost: 

2038  lb.  %-in.  steel  at  $0.021 $  42. 80 

4566  lb.  1-in.  steel  at  $0.021 95.  89 

Tics  and  spreaders 8. 00 

Total $146.  69 

SiDB  Rbinfobcing  Stebl 

Labor  Cost: 

Housesmiths,  72  hours  at  62H  cents $  45. 00 

Material  Coet: 

1584  lb.  %-in.  steel  at  $0.021 $  33. 26 

2529  lb.  ^-in.  steel  at  $0.021 53. 11 

Total $  86. 37 

Dome  Reinforcing  Steel 

Labor  Cost: 

Housesmiths,  84  hours  at  62>^  cents $  52.  50 

Laborer.  8  hours  at  31>^  cents 2. 50 

Total $  55. 00 

Material  Coet: 

1623  lb.  ^-in.  steel  at  $0.021 $  34. 09 

1829  lb.  ^-in.-steel  at  $0.021 38. 40 

3553  lb.  1-in.  steel  at  $0.021. 74.  61 

Hes  and  spreaders 8. 00 

Total *155. 10 
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^  Bottom  Cokcbbts 

Labor  Coet: 

Concrete  foreman,  8  hours  at  75  cents $    6. 00 

Concrete  laborers,  102  hours  at  50  cents 61. 00 

Foreman,  8  hours  at  50  cents 4. 00 

Laborers,  160  hours  at  31H  cents 60. 00 

Teams,  8  hours  at  75  cents 6. 00 


Total $117.00 

Material  Cost: 

43  yd.  rock  at  $1.40 $  60. 20 

64  yd.  sand  at  $1.50 8. 10 

QOH  bbl.  cement  at  $2.45 148. 84 

360  lb.  Medusa  at  14H  cents 52. 20 

Depreciation  on  equipment 5. 00 

Total i . . .  $274. 34 

SiDB   CONCBBTl 

Labor  Cost: 

Foreman,  18  hours  at  50  cents $    9. 00 

Carpenters,  3  hours  at  50  cents 1. 50 

Laborers,  184  hours  at  31^  cents 67. 60 

Teams,  8  hours  at  75  cents 6. 00 


Total r $  74. 00 

Material  Cost: 

216  sacks  cement  at  50  cents $108. 00 

300  ft.  Medusa  at  14H  cents 43. 50 

33  vd.  rock  at  $1.40 46. 20 

4K  yd.  ocean  sand  at  $1.50 .' 6. 38 

6  yd.  city  sand  at  50  cents 2. 26 

Total $206.  33 

DOMB   CONCBBTB 

Labor  Cost: 

Foreman,  7  hours  at  50  cents $    3.  60 

Laborer,  92  hours  at  31>i  cents 28.  76 

Concrete  foreman,  8  hours  at  75  cents 6. 00 

Concrete  laborers,  94  hours  at  60  cents 47. 07 

Engineer,  9  hours  at  37H  cents 3. 30 

Team,  14  hours  at  75  cents 10. 52 


Total $  99. 10 

Material  Cost: 

2  M.  H.  covers  and  intake  pipe $  25. 00 

270  sacks  cement  at  60  cents ^ 162.  00 

6  yd.  ocean  sand  at  $1.50 9. 00 

20  yd.  city  sand  at  50  cents 10. 00 

60  yd.  rock  sand  at  $1.40 70.  OO 

Total $276. 00 

Summary  of  Concbbtb  Cistbbn  Cost 

Labor  and 

Labor  Material  material 

General  expense ...$442.84  $    51.50  $494.34 

Removing  pavement,  basalt  blocks  on  6-in. 

base 67. 56     67. 66 

Excavation  (sand) 830. 77  70. 00  900.  77 

Lagging  (2  X  8  in.) 695. 03  69. 15  664. 18 

Pumping 147.26  92.60  239.85 

Reinforcing  steel 200.00  388.16  688.16 

Concrete 317. 24  779. 62  1096. 86 

Forms 187. 33  59. 56  246. 88 

Backfill  (sand) 47. 06     47. 06 

Pavement  and  curb 102. 93  75.50  178. 43 

Catch  basin •     16. 87  14. 40  31.  27 

Sidewalk 5. 00  51. 10  56. 10 

Total $2959.88     $1661.68     $4611.46 
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Unit  Comb 

RemovinB  pavement 800  en- 't-  I  0,084  pet  w 

Etcsvatioo  B&ud 660  cu.  yds.  1.305  pei  c 

UggiOH  (3  X  Sin.)  4,410  (1.  b.  m.  160.61  per  M. 

Reinf orciiia  Bteel 9.70  torn  00.08  per  toi 

Ckincrete 146cu,  yd.  7.613  per  c 

BotUB  ol  Labor  Required  an  Caneiete  Cletenu. — The  follDwIag 
cetlaneoiis  coata  on  the  construction  ot  the  foregoing  reinforced  coi 
Gistems  are  t^en  [rom  ui  utlcle  in  Engineering  and  Contracting,  MaA 
1910,  by  BeniainlD  Brooks  who  was  employed  by  the  city  ot  San  Tni 
to  Inapect  the  work  and  keep  coat  data  on  the  erection  of  the  ciateras. 

The  mixture  waa  1  *of  cement  to  S  of  broken  stone,  with  enough  sand 
the  volda,  which  meant  a  I  :Z>j  *5  or  a  1 :3  ;6  mixture,  according  to  the  i 
materials  and  judgment  of  the  engineers.  Six  poimde  of  some  app 
water-proof  compound  was  to  be  mlied  dry  with  eadi  barrel  of  cement 
in  the  sides  and  bottom  (but  not  iD  the  domea),  and  this  necessitated  at 
one  extra  man  to  mli  It  with  a  hoe,  measure  it  Into  boxes  and  pass  it  t 
man  on  the  mixer  platform.  On  completion  of  (he  concrete  the  be 
received  a  regular  sidewalk  Qnlsh,  and  the  sidee  and  top  a  brush  over 

Com  of  Forma.— Cistern  A  fonns  cost  as  follows: 

Man  hn.  making  per  M  lumber,  12.4:  per  sq.  ft.  surface,  .03. 

Man  hn.  setting  per  M  lumber,  47.4;  per  sq.  ft.  surface.  .24. 

Which  at  *.62>£  pet  hour  ia  equivalent  to: 

Makinc  (7.75  per  M,  or  t.02  per  sq.  ft.  surface. 

SetbDg,  29.62  per  M,  or  t.lS  per  w),  ft,  Burface. 

On  ctBlem  B.  fonoa  already  made  lor  another  clatem  were  used  and 
tor  placing  and  removing  aa  follows: 

■q 

Man  hre.  at  I.62M  planng  17.26  per  M I 

Mod  hrs.  at  t.2S  placing  12,26  per  M I 

Man  bn.  at  S.2S  removing  12.7S  pet.  M 

which  IB  equal  to: 

Planing  forniB tl4.21  per  M  ot  t.OST  per  i 

Removing  forma 3. 67  per  M  ot    .  014  per  i 

Total   .  »l7.78perMor».071  pet6 

fen  dBlam  C.  wall  tonns  wei«  alieady  made  for  another  clatem  and  req 
only  a  little  patching. 

Patching  and  placing  required  44  man  houm  at  26  cts.  plus  73  man  I 
at  4I2H  cts,.  which  equals  4K  cts.  per  sq,  ft.,  including  the  placing  of  r± 

Bemoving  forms  and  clearing  cistern  required  Ot  man  hours  at  26  cts 
SI  man  hours  at  QS^  rts..  which  equals  2,8  eta,  per  aq.  ft. 

For  dstem  D,  wall  forms  were  already  made  and  required  for — 

Flaeina  (125  mao  bra.  at  OiH".  30  man  hre.  at  2Sc)  equale  122,46  per  1 
llHicpersq,  ft. 
Bemoving  (12  man  hre.  at  S2Hc,  37  man  hra,  at  25c)  equals  1Mb  per  sq. 

Cotl  o!  Htrinforeina  Bart  per  Ton,  Ciiiem  A.^To  bend  and  place  ] 
K  in.  and  fi  In-  twisted  square  bars  required  38  man  hours  per  ton.  whl 
eiM  eta,  -  (23.76. 

Citltrn  B. — Banding  and  placing  1  In,,  H  in,  and  H  In.  bais  require 
■DID  bouis  per  ton  at  62^  Cts.  -  S32,G0  per  ton. 
IS 
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Cistern  C. — Reinfordng  bars  required  41'H  man  houia  per  ton  to  bend  and 
place,  which  at  62K  cts.  -  $26.83. 

Cost  of  Concrete,  Cistern  A. — Concrete  was  mixed  about  1:2^:5  in  a  Chi- 
cago Improved  cube  mixer,  turning  out  about  7  cu.  yds.  per  hour  with  a 
trained  crew,  and  was  wheeled  and  dumped  in  concrete  "  buggies."  For  the 
bottom  of  the  cistern  the  man  hours  jper  yard  required  were: 

Chutes  and  runways 

'  Measuring  and  wheeling  materials 0. 06 

Mixing 13 

Wheeling  and  chuting  concrete 41 

Placing  and  tamping 27 

Total 1. 77 

which  at  50  cts.  per  hour  «  88H  cts.  per  cu.  yd. 

Pumping  during  excavation,  lagging,  concreting,  etc.,  cost  as  follows: 

162  man  hours  (exclusive  of  night  watchman),  0.27  man  hours  per  yard  of 
excavation  at  28  cts.  =  7H  cts.  per  cu.  yd. 

Cistern  B. — Concrete  handled  by  same  outfit  and  crew  as  for  Cistern  A 
cost  as  follows: 

Man  hrs 

For  the  bottom:  per  yd. 

Wheeling  and  measuring  materials 1. 16 

Mixing  materials 17 

Wheeling  and  chuting  concrete 45 

Placing  and  tamping  concrete 35 

Total  counting  delays* 2. 13 

Total  actual  running 1. 80 

wliich  at  $.50  «=  $1.06  or  $.00  per  yd.,  not  counting  superintendence. 

*  Ran  out  of  materials. 

Man  hrs. 

For  the  walls:"'  per  yd. 

Wheeling  and  measuring  materials 82 

Mixing  concrete 13 

Wheeling  and  chuting  concrete 37 

Placing  and  tamping 37 

Total 1. 66 

Which  at  $.50  per  man  hour  equals  $.05  per  yd.  exclusive  of  superintendence. 

Cistern  C. — Concrete  for  the  bottom  and  sides  was  mixed  in  a  Smith  mixer 
2  cu.  ft.  of  cement  to  the  batch  and  run  directly  from  mixer  through  portable 
chutes  to  the  bottom,  but  wheeled  in  buggies  to  the  side  walls.  The  crew  was 
untrained  and  poorly  managed.    The  cost  was  as  follows: 

Man  hrs. 
per  cu.  yd. 

Wheeling  and  measuring  materials 1. 55 

Mixing  materials .30 

Wheehng  and  chuting  concrete .42 

Placing  concrete .60 

Instalhng  mixer .74 

Total 3. 61 

Which  at  28c  equals  $1.01,  including  foreman. 

Plastering  bottom  required  24.6  man  hours  at  75  cts.,  which  gave  a  cost  of 
2^0  cts.  per  sq.  ft. 

Brushing  the  sides  required  11  man  hours  at  26  cts.  which  gave  a  cost  of 
Ko  cts.  per  sq.  ft. 
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Cistern  D. — Concrete  for  the  bottom  was  handled  as  hi  Cistern  C  except 
that  on  account  of  a  breakdown  44  cu.  yds.  were  machhie  mixed  and  S  cu. 
yds.  were  hand  mixed,  first  the  cement  and  sand  diy  and  wet,  then  the  grout 
and  the  rock  being  turned  three  times.  For  the  macUne  mixing  the  costs 
were: 

Per 
cu.  yd. 

Wheeling  and  measuring  materials,  1.50  man  lirs.  at  28o $0. 420 

Mixing  materials,  .32  man  lirs.  at  28c 080 

Chuting  and  placing  concrete,  .74  man  hrs.  at  28o 207 

Building  chutes,  .55  man  lira,  at  62Hc 344 

Setting  mixer,  .34  man  hrs.  at  45c 153 

Total $1,213 

For  the  hand  mixing  the  costs  were: 

Per 
cu.  yd. 

Wheeling  and  measuring  materials,  1.50  man  hrs.  at  28o $0. 42 

Mixing  materials,  5.12  man  hrs.  at  28c 1. 43 

Placing  concrete,  1.25  man  hrs.  at  28c .35 

Building  chutes,  1.38  man  hrs.  at  45c . .  62 

Total $2.82 

Concrete  for  the  walls  cost  as  follows: 

Man  hrs. 
per  vd. 

Wheeling  and  measuring  materials 1. 97 

Mixing  materials 26  ■ 

Wheeling  and  chuting  concrete 65 

Placing  concrete 62 

Setting  mixer 49 

Total 4. 00 

This  gives  4  hrs.  X  28  cts.  =  $1.12  per  cu.  yd. 

Concrete  for  the  dome  cost  as  follows: 

Man  hrs. 
per  yd. 

Wheeling  and  measuring  materials '. 1 .  02 

Mixing  materials 23 

Wheehng  concrete 47 

Placing  concrete 32 

Setting  mixer* 1. 02 

Total 3. 059 

*  This  item  seems  very  high,  but  often  included  c^i-rting  the  mixer  back  and 
forth  frona  one  cistern  to  another.  It  could  have  been  reduced  by  better 
management. 

This  gives  3,069  X  2S  cts.  »  80.85H  cts.  per  cu.  yd. 

Finishing  the  floor  with  ^  in.  of  sidewalk  finish  required  21  man  hours  at 
75  cts.  and  8  man  hours  at  25  cts.  -  $17'75,  or  2K  cts.  per  sq.  ft. 

In  the  above  data,  costs  of  getting  materials  on  the  jobs  are  not  considered 
nor  is  superintendence  except  in  cases  where  it  is  specially  mentioned. 

Cost  of  Concrete  Reservoirs  at  Brockton,  Mass. — Two  4,000,000  gal. 
reservoirs  were  constructed  in  1911.  Charles  R.  Felton,  in  the  Water  Com- 
missioners Annual  Report  gave  the  essential  features  of  the  design  with  some 
Dotes  <»  their  construction  and  cost.  The  following  is  taken  from  an  abstract 
of  Mr.  Felton's  report  published  in  Engineering  and  Contracting,  Sept. 
4.  1012. 
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Design. — The  reservoirs  are  of  concrete,  reinforced  with  plain  round  bars, 
except  for  a  few  twisted  bars  where  the  sides  and  bottom  join.  The  concrete 
is  of  very  rich  mixture,  to  render  it  impermeable,  the  bottom  courses  being 
1  cement,  1  sand,  and  2  stone,  to  a  height  of  10  ft.,  with  a  1:1>^:3  mixture 
above  this  point;  both  mixtures  containing  hydrated  lime  in  the  proportion  of 
5  per  cent  of  the  cement  by  weight.  The  walls  are  30  ins.  thick  at  the  bottom 
and  15  ins.  at  the  coping  course,  which  is  19  inches  square. 

The  floor  layer  consists  of  two  courses  of  concrete,  6  ins.  thick;  the  lower 
one  of  1:2:4  concrete,  and  the  upper  one  of  1:1>^:3  concrete,  reinforced  with 
H-in.  bars  1  ft.  apart  in  both  directions.  The  horizontal  reinforcement 
consists  of  plain  round  bars  from  IK  ins.  in  diameter  at  the  bottom  to  ^i  in.  in 
the  coping. 

The  maximum  strain  upon  the  metal,  considering  the  stresses  as  applied 
to  a  cylinder  160  ft.  in  diameter,  are  13,000  lbs.  per  sq.  in.,with  the  reservoir 
overflowing,  or  12,000  lbs.  at  the  proposed  high  water  mark,  18  ins.  below  the 
top. 

Vertical,  square  twisted  rods,  "H  in.  in  diameter  and  1  ft.  apart  were  intro- 
duced into  the  foundation  and  also  bent  into  the  floor.  These  rods  were 
extended  to  the  top  of  the  reservoir,  but  spaced  2  ft.  apart  after  the  first  three 
courses.  The  bottom  was  also  connected  with  the  foimdation  by  K-in. 
twisted  rods. 

Sand  and  gravel  were  obtained  from  a  large  hill  three  miles  distant  from  the 
location,  and  were  very  expensive,  both  on  account  of  the  length  of  haul  and 
the  large  amount  of  material  handled  to  get  stone,  about  H  of  the  total  being 
stone  of  the  required  size,  viz.:  That  which  would  pass  a  IH-in.  screen. 
The  screen  was  of  the  revolving  type,  run  by  a  gasoline  engine,  and  under 
ordinary  conditions  would  pass  about  175  cu.  yds.  of  material  in  eight  hours. 
The  resulting  product  was  excellently  graded. 

The  greatest  care  was  taken  to  make  the  concrete  impermeable,  an  entire 
course  being  nm  when  once  started.  These  courses  were  30  ins.  in  height, 
except  the  bottom  one,  which  was  36  ins.  and  contained  about  110  cu.  yds. 
No  departure  from  this  plan  was  found  necessary,  the  concrete  being  placed 
continuously  in  courses  6  ins.  thick,  from  three  and  one-half  to  six  hours  being 
consumed  on  a  30-in.  course.  After  the  concrete  had  partially  set,  usually 
in  about  7  hours,  it  was  thoroughly  scraped  with  wire  brushesand  kept  wet 
until  the  next  course  was  ready,  usually  covered  with  wet  bagging  and  care- 
fully swept  just  before  placing. 

A  steel  dam,  4  ins.  by  %  in.,  was  imbedded  2  ins.  deep  in  the  top  of  each 
course,  and  about  1  ft.  from  the  inside  of  the  reservoir.  This  dam  was 
lapped  and  bolted  with  five  ^-in.  bolts,  and  figured  in  the  design  for  its 
full  tensile  value  as  metal.  In  addition  to  the  dam  a  triangular  groove  about 
1.5  in.  deep  was  placed  in  the  top  of  each  course.  Before  beginning  a  new 
course  the  joint  was  washed  with  neat  cement  grout. 

No  waterproofing  or  brushing  of  the  surface  was  required  or  allowed,  and 
less  than  a  quart  of  cement  was  required  to  remedy  any  defects  of  appearance. 

Construction  Plant. — The  plant  consisted  of  an  elevated  tank  of  5,000  gals, 
capacity,  into  which  water  was  pumped  by  gasoline  engine  a  distance  of 
about  1,300  ft.  Two  Smith  concrete  mixers,  set  at  an  elevation  corresponding 
substantially  in  level  to  the  top  of  the  reservoirs  and  operated  by  15-h.p. 
electric  motors.  The  mixers  were  fitted  with  side  charging  apparatus,  and 
the  material  elevated  to  the  mixers. 

The  concrete  was  placed,  usually,  at  the  rate  of  from  24  to  30  cu.  yds.  per 
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hour  with  ordinary  wheelbarrows,  the  greatest  care  being  taken  to  have  the 
material  thoroughly  tamped. 

Coat. — 'The  labor  was  all  paid  at  the  city  rate  of  $2.50  per  day  of  eight  hours{ 
'  carpenters  $4.80  per  day;  foreman  $5.00  per  day;  masons  $0.72  per  hour; 
teams  $5.50  per  day  of  eight  hours.  One  of  the  greatest  obstacles  in  accom- 
plishing work  of  this  character  economically  is  the  difficulty  of  employing  all 
the  labor  to  advantage  between  pourings,  especially  when  it  is  necessary  to 
conform  to  the  present  drastic  eight-hour  laws. 

The  total  cost  of  the  reservoirs  exclusive  of  the  engineering  was  almost 
exactly  $80,000,  or  about  one  cent  per  gallon.  The  cost! of  the  engineering 
and  inspection,  not  including  Mr.  Felton's  time,  was  about  $2,200. 

Labor  Costs  of  Reinforced  Concrete  Tanks  for  Storage  of  Storm  Water. — 
W.  G.  Cameron,  in  Engineering  and  Contracting.  Jan.  26,  1016,  gives  the 
unit-time  data  for  constructing  the  temporary  storage  tanks  at  Toronto,  Ont., 
shown  in  Fig.  9. 

Design. — llie  tanks  are  rectangular  in  shape,  and  approximately  104 
ft.  X  112  ft.  On  the  north  side,  there  is  a  channel  3.5  ft.  deep  for  the  Bloor 
west  sewer,  separated  from  the  tanks  by  a  weir.  On  the  east  side,  there  is  a 
section  4  ft.  deep,  separated  irom  the  tanks  by  a  weir,  and  from  the  storm 
water  outlet  by  another  w^r.  Into  the  north  end  of  this  section  the  storm 
water  from  the  Keele  St.  sewer  flows.  The  bottom  of  this  section  is  graded 
back  towards  the  north  end  and  a  gate  valve  is  provided  which  can  be  opened 
to  allow  the  section  to  drain  into  the  storm  water  outlet.  The  tanks  proper 
are  divided  into  three  parts,  17V^  ft.  deep,  by  two  weirs.  These  three  divi- 
sions are  graded  towards  the  east  side,  where  they  drain  into  an  open  18-in. 
sludge  channel,  which  runs  south  along  the  inner  side  of  the  east  wall  and  into 
the  18-in.  tile  sewer  imder  the  storm  water  outlet.  A  gate  valve  is  provided  at 
the  end  of  the  sludge  channel  at  the  south  wall. 

Eight  rows  of  colimms  were  used  in  the  tanks  for  the  support  of  the  roof. 
These  columns  were  18  in.  square  in  section,  12  ft.  apart  center  to  center  in  the 
rows  and  12-ft.  centers  between  the  rows.  Two  rows  of  columns  were  in  each 
tank,  and  one  was  used  as  support  for  each  of  the  two  dividing  weirs.  The 
tanks  were  built  of  all  reinforced  1:2:4  concrete.  The  walls  were  12  ins. 
wide  at  the  top,  while  the  sides  had  a  batter  1  in  7.6.  The  width  at  the 
bottom  varied  as  the  height.  There  was  a  footing  provided  2  ft.  deep  and  12 
ft.  6  in.  wide.  The  reinforcing  for  the  walls  was  1-in.  square  twisted  rods 
cm  the  outside  and  0.30  sq.  in.  mesh  on  the  in£iide.  The  columns  were  rein- 
fwced  with  1^  sq.  in.  twisted  rods,  2  ft.  6  in.  long,  as  dowels  into  the  footing, 
one  l\i  sq.  in.  rod  in  each  comer,  the  full  height  of  the  column,  and  %  in. 
round  hoops,  spaced  vertically  12  in.  apart.  The  ro<rf  slab  was  6  in.  thick, 
reinforced  with  0.5  sq.  in.  mesh. 

The  girders  and  beams  for  the  support  of  the  roof  slab  were  24  in.  X  16  in. 
and  21  in.  X  16  in,  respectively.  They  were  reinforced  with  1  sq.  in.  twisted 
rods  and  H  in.  square  twisted  rods,  respectively.  The  weir  walls  between  the 
tanks  were  8^i  ft.  high.  0  in.  wide  at  the  top,  and  18  in.  wide  at  the  bottom, 
reinforced  with  ^  sq.  in.  bars. 

Construction. — The  groimd  on  which  the  tanks  were  built  was  composed  of 
sand  on  the  surface,  which,  in  small  areas,  formed  pockets.  The  subsoil  was 
hard,  blue  clay.  Trenches  were  excavated  by  hand  for  the  west  wall  and  the 
third  of  the  north  wall.  This  part  was  built  first  because  the  ground 
low  at  this  side.  When  these  walls  were  built,  and  the  concrete  suffix 
dflotly  hardened,  they  were  used  as  a  retaining  wall  for  the  next  material 
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ivstod.  This  material  wu  token  froni  inside  tbe  lines  of  the  tutuie  tanke 
next  the  west  wall.  Enough  material  waa  tftlcen  out  to  allow  for  the 
HUia  of  a,  porlioa  cd  the  lanka  on  the  west  side.     This  portion  was  com- 


I,  weira  and  roof  and  allowed  to  haidea.  The  next 
material  excavated  was  then  deposited  on  the  roof  of  thla  llnlsbed  poitioo. 
ThuB  the  excavation  and  construction  proceeded  dternately  from  the  weet. 
A  dam  shell  waa  used  for  excavating  in  tbe  body  of  the  tanks,  but  the  clar  w«« 
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so  hard  that  the  most  of  it  had  to  be  loosened  with  picks  before  it  could  be 
gathered  up  by  the  dam. 

The  concrete  was  all  mixed  by  a  drum  mixer  very  conveniently  placed  at  the 
top  of  the  bank  on  Keele  St.  The  concrete  was  dumped  into  a  chute  which 
carried  it  down  the  bank  to  a  funnel-shaped  box.  This  box  was  provided 
with  a  slot  which  slid  up  and  down  so  that  concrete  could  be  taken  away  in  any 
quantity  desired.  .The  concrete  was  carried  in  concrete  barrows  along 
runways  so  built  that  they  might  easily  be  taken  down  and  erected  quickly 
again  wherever  they  were  required.  The  forms  used  for  the  concrete  were  all 
of  the  panel  type.  They  were  built  near  the  work  and  the  same  sections 
used  several  times.  They  were  made  before  the  work  was  begun  and  grouped 
according  to  size,  so  that  when  they  were  needed  they  could  easily  be  found 
and  quickly  erected.    They  were  fastened  together  with  bolts. 

Whtti  the  work  on  the  tanks  was  completed  the  soil  which  had  been  exca- 
vated, and  soil  brought  from  other  work,  was  spread  over  the  top  of  the  tanks 
to  a  depth  of  4  ft.  The  bank  on  Keele  St.  was  extended  and  neatly  graded, 
and  an  easy  slope  was  made  from  Bloor  St.  The  ground  over^the  tanks  and 
the  slopes  will  probably  be  sodded  and  planted,  and  possibly  tennis  courts, 
etc.,  arranged  on  it,  making  in  all  a  very  great  improvement  to  this  comer 
of  High  Park. 

Unit  Time  Data. — The  time-costs,  in  hours'  labor  on  this  work,  as  kept  by 
S.  K.  Ireland,  resident  engineer,  are  as  follows: 

Elxcavation. — ^7,000  cu.  yd.,  10,472  hours,  or  1.496  hours  per  cubic  yard. 

Placing  Steel. — 102  tons,  1,471  hours,  or  14.4  hours  per  ton  (85  tons  of  this 
were  bars  and  17  tons  mesh). 

Building  and  Erecting  Forms. — 52,899  sq.  ft.  took  8,452  hours,  or  0.159 
hours  p6r  square  foot. 

Removing  Forms. — 0.0202  hours  per  square  foot. 

Mixing  and  Placing  Concrete. — 2,522  cu.  yds.  took  6,394  hours,  or  2.53 
hours  per  square  yard. 

Foreman,  1,658  hours;  engineer,  1,098  hours;  fireman,  1,133  hours;  team, 
107  hours:  single  horse.  451  hours. 

Cost  of  Lining  a  Reservoir  with  Gunite. — E.  Court  Eaton  gives  the  cost  of 
lining  a  small  "balancing  reservoir"  in  Engineering  News-Record,  July 
24,  1919. 

The  reservoir  with  a  depth  of  about  9  ft.  covered  about  two  acres  and  was 
used  to  store  a  surplus  of  water  during  part  of  the  day  and  supply  the  shortage 
during  the  balance.  Due  to  the  fact  that  the  reservoir  was  necessarily  con- 
fined to  a  certain  area  close  to  an  old  sl^ream  bed  and  the  reservoir  was  exca- 
vated in  a  gravel  deposit  the  seepage  amounted  to  two  to  three  acre-feet 

p^  day. 

It  was  decided  to  Une  this  reservoir  with  a  gunite  lining.  The  total  area 
to  be  lined  was  114,000  sq.  ft.,  and  specifications  called  for  a  gunite  lining  1  in. 
in  thickness,  with  a  mix  of  one  part  of  cement  to  5H  parts  of  sand ;  no  lime 
was  used  in  the  mixture.  The  lining  was  reinforced  with  galvanized  poultry 
netting,  IM-in.  mesh.  No.  19-gage  wire,  placed  in  the  center  of  the  concrete 
to  confine  cracks  due  to  expansion  to  hair  cracks,  and  no  expansion  joints 
were  used. 

This  work  was  let  by  contract  at  a  price  of  lOHc-  per  square  foot,  including 
the  trimming  and  preparation  of  the  banks.  Work  was  commenced  Jan.  14, 
1919,  and  completed  Mar.  19.  Because  the  work  had  to  be  done  during  the 
winter  months  the  actual  number  of  working  days  in  this  time  was  only  39. 
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The  cement  gun  used  was  what  is  known  as  the  N2  size.  It  was  kept  on  the 
upper  bank  of  the  canal  at  a  maximum  distance  of  600  ft.  from  the  compressor, 
to  which  it  was  connected  with  a  2-in.  iron  pipe.  The  compressor  was  of  the 
portable  type,  direct-connected  to  a  semi-Diesel  type  of  engine;  it  was  12  x  12 
in.  and  ran  at  a  speed  of  300  r.p.m.  A  pressure  of  42  lb.  per  square  inch  was 
maintfuned  at  the  compressor,  giving  about  32  lb.  at  the  gun.  A  2-in.  rubber 
hose  200  ft.  in  length  was  used  from  the  gun  to  the  nozzle,  and  the  rubber 
tips  in  these  nozzles  lasted  nearly  one  week  before  requiring  replacement. 
The  depreciation  on  the  hose  for  the  period  of  the  job  was  $200. 

In  lining  the  114,000  sq.  ft.,  2004  sacks  of  cement  were  used,  or  nearly  39 
sq.  ft.  of  lining  per  sack  of  cement.  The  average  rate  of  progress  throughout 
the  work  was  2900  sq.  ft.  i>er  working  day.  The  maximum  day's  run  was 
about  5000  sq.  ft.,  though  better  average  progress  would  have  been  made  in  the 
dry  season,  as  the  principal  delays  were  due  to  wet  sand  clogging  in  the  hose 
and  necessitating  frequent  cleaning  out  of  the  machine.  A  certain  amount  of 
moisture  is  necessary  in  the  sand  for  this  class  of  work,  and  the  best  results 
were  obtained  when  sufficient  water  was  present  so  that  the  sand  just  failed 
to  hold  its  shape  when  squeezed  in  the  hand. 

The  total  quantity  of  sand  used  on  the  work  was  600  tons,  and  the  total 

cost  of  sand  per  ton  was  as  follows: 

Per  ton 

Loading  charge  at  sand  pit $0.  30 

Freight .60 

Unloading .12 

Hauling  to  site 1. 60 

Total $2.  52 

The  hauling  over  the  wet  roads  a  distance  of  two  miles  was  the  biggest 
item.     The  weight  of  a  cubic  yard  of  sand,  which  was  wet,  was  2500  pounds. 

The  cement  was  $3.45  per  barrel  delivered  at  the  site,  after  an  allowance 
of  $1  i>er  barrel  was  made  for  sacks.  The  poultry  netting  delivered  at  the 
site  cost  $1.17  per  100  square  feet. 

The  construction  crew  employed  was  as  follows: 

Per  day 

1  Compressor  engineer $  7. 00 

1  Nozzleman 5. 00 

1  Man  placing  wire 5. 00 

2  Mixers  at  $4 8. 00 

1  Man  loadaing  gun 4. 00 

1  Nozzlemn  helper 4.  00 

1  Gun  operator , 4. 00 

1  Man  cleaning  off  rebound 4.  00 

Total  payroll $41. 00 

One  man  was  kept  continuously  close  to  the  nozzleman,  his  duties  being  to 
brush  back  the  rebound  at  the  junction  of  new  and  old  work  and  to  raise  the 
reinforcement  by  means  of  a  hook  to  insure  its  being  placed  in  the  center  of 
the  lining. 

The  fuel  used  consisted  of  a  fuel  oil  having  a  gravity  of  27  +.  Ten  drums 
of  this  oil  of  104-gal.  capacity  per  drum  were  used.  The  cost  of  the  oil  was 
$6.55  per  drum,  delivered  to  site.  The  loss  by  rebound  in  percentage  of  the 
sand  used  was  8H ;  this  was  not  wasted,  however,  as  it  was  collected,  screened 
and  used  over  again  with  good  results,  except  that  only  30  sq.  ft.  of  linin^^ 
per  sack  of  cement,  or  23%  less  than  with  new  sand,  could  be  gotten  when 
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reiyound  was  used,  due  to  the  material  being  coarse  and  requiring  more 
cement  to  fill  the  voids. 

Particular  attention  was  paid  to  the  curing,  by  sprinkling,  <^  the  newly 
completed  lining  for  a  period  of  two  days,  and  up  to  this  time  no  cracks  other 
than  fine  hair  craclcs  have  develoi>ed. 

Costs  of  Grouting  Dam  Foundations. — Engineering  and  Contracting, 
Aug.  19,  1914,  publishes  the  following  comparison  of  the  costs  of  grouting 
the  foundations  of  the  Estacada  and  Lahontan  Dams  given  by  S.  H.  Rippey 
in  Proc.  Am.  Soc.  of  C.  E.  Vol.  XL. 

Tablx  XI. — Cost  of  Dbiixino  and  Gboutinq  at  Estacada  and  Lahontan 
Dams,  peb  Lineab  Foot  of  Completed  Wobk 

— Estacada  Dam —  Lahontan 

Dam 
Labor  and  materials  Fisher        Rands         Cole 

Labor,  drilling $0. 68 

Labor,  grouting 0.18 

Cement 0. 12 

Repairs  and  supplies 0.17 

Plant 0. 30 

Plant  depreciation 

Power 

Other  items 

Salvage  on  plant,  credit 

Direct  cost $1. 23 

Total  field  cost 

General  plant,  etc 

Coffers  and  pumping 

Engineering  and  superintendence 

Clerical  and  oflBce 

Total  cost  per  foot $1 .  55         $2. 00         $3. 57 

In  r^ard  to  the  grouting  of  the  Lahontan  Dam,  D.  W,  Cole  in  Engineering 
News,  April  3,  1913,  states  that: 

Drilis  were  worked  continuously  in  8-hr.  shifts,  thus  employing  six  crews 
of  two  men  each  for  operating  the  drills,  with  one  daylight  crew  of  two  to  four 
men  for  grouting  and  testing. 

Drillnmners  were  selected  mainly  from  the  men  of  good  mechanical  bent 
available  on  the  job,  with  one  or  two  importations  of  experts  who  had  been 
previously  trained.     Runners  were  paid  40c.,  and  helpers  30c.  per  hr. 

Duly  bulletins  were  posted  showing  output  of  the  several  crews  and  thus  a 
wholesome  rivalry  was  developed. 

The  maximum  depth  diilled  by  one  machine  in  8  hr.  was  19  ft.,  in  rather 
soft  material.  The  average  8-hr.  penetration  of  a  drill  was  only. 6  ft.  Omit- 
ting the  earlier  period  of  work,  which  was  largely  experimental,  the  average 
performance  of  each  8-hr.  shift  was  about  7  ft.  of  hole. 

Air  pressure  of  25  lb.  was  employed  for  first  batches,  as  higher  pressures 
sometimes  resulted  in  appearance  of  air  bubbles  and  even  cement  color  rising 
from,  the  bed  of  the  river  at  some  distance  from  the  boring;  and  violent 
displacement  of  the  formation  was  not  desired. 

As  the  grouting  advanced  the  later  batches  were  driven  in  at  a  higher  pres> 
sure,  gradually  increasing  to  100  lb.  per  sq.  in.  at  the  finish  of  each  hole. 

In  some  of  the  tighter  holes  the  extreme  pressure  was  required  for  an  hour 
or  more  to  drive  home  the  grout,  but  ordinarily  the  flow  of  grout  was  nearly 
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continuous  and  as  fast  as  the  alternating  process  with  the  double-cylinder 
machine  could  be  performed. 

Coats  of  Groined  Arch  Roof  for  BSinneapolis  Reservoir. — W.  N.  Jones  in 
Engineering  Record,  April  19,  1913,  gives  the  methods  and  construction 
costs  Of  covering  with  groined  arch  vaulting  the  clear  water  basin  of  the 
Minneapolis  filter  plant.  The  reservoir  is  877.5  ft.  long,  413.5  ft.  wide  and 
from  21  to  23  ft.  deep.  Very  careful  detailed  costs  were  recorded  with  a 
view  of  securing  not  only  the  cost  of  the  woik  but  also  an  index  of  the  effi- 
ciency of  the  labor  employed.     The  following  is  taken  from  Mr.  Jones  article. 

Equipment. — The  quantity  of  equipment  used  has  been  very  small  and  of 
the  simplest  type.  No  complicated  machinery  of  any  kind  was  employed 
on  the  work,  and  when  the  site  was  visited  by  a  prominent  engineer  of  Chicago, 
he  said,  "  The  thing  that  appeals  to  me  most  is  the  lack  of  elaborate  equip- 
ment, such  as  expensive  towers,  cable-ways,  etc."  In  fact,  about  all  the 
machinery  used  outside  of  hand  tools  and  a  small  woodworking  shop  for  use  in 
turning  out  forms,  was  a  l^-cu.  yd.  concrete  mixer,  six  IH-cu.  yd.  side- 
dump  cars,  about  1500  ft.  of  24-in.  gage  track,  and  a  traveling  crane  designed 
by  the  writer  for  the  special  use  of  handling  gn^ined  arch  forms.  This  crane 
cost  about  $500  complete. 

For  hauling  earth,  etc.,  common  dump  wagons  of  IM-cu.  yd.  capacity  were 
used.  All  earth  was  handled  by  hand,  both  in  loading  and  spreading.  These 
wagons  were  not  claimed  to  be  conducive  to  economy,  nor  was  the  handlingr 
of  the  earth  by  hand,  but  the  prime  consideration  was  the  ^nployment  of  as 
many  citizens  and  teams  as  it  was  possible  to  employ  and  still  do  the  work  at  a 
reasonable  cost. 

Construction. — The  groined  arch  concrete  vaulting  over  the  reservoir 
was  supported  by  concrete  pedestals  and  piers  spaced  18-ft.  centers.  Over 
the  roof  a  2-ft.  covering  of  earth  was  deposited.  The  pedestals  were  6.5  ft. 
square  at  the  base,  3.5  ft.  high  and  each  contained  2.85  cu.  yd.  The  pedestal 
forms  cost  about  $6  each  for  labor  and  material  and  each  was  used  ten  times 
on  the  average. 

The  rates  paid  for  labor  employed  on  t^e  work  were  as  follows: 

Occupation  Time,  idaya  Rate 

Foremen $4&S5 

Assistant  foremen 22K  3. 00 

Timekeepers 3  4. 80 

Steam  engineers 9%  4. 00 

Watchmen 2Ji  2.25 

Handy  men 190H  2. 40 

Carpenters 24H  3. 00 

Millwrights ZH  3.00 

Blacksmiths 2H  3, 00 

Concrete  men 9H  3. 25 

Waterboys 7H  125 

Teams 56Ji  4. 72 

Single  horses 6+  3. 00 

Laborers 738M  2. 25 

Table  XII  gives  the  cost  in  detail  of  all  the  most  important  items  entering 
Into  the  construction  of  the  groined  arch  covering  <^  the  clear  water  basin 
during  the  season  of  1911.  The  figures  for  1010  are  omitted,  as  it  was  found 
upon  investigation  that  a  number  of  reports  had  been  lost.  Items  which  were 
pecuUar  to  this  piece  of  work  or  were  too  small  to  classify  are  omitted  also* 
as  they  are  of  no  great  consequence  in  the  total  cost  or  desirable  for  com- 
parisons with  similar  work  elsewhere. 
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Tabids  XII. — Cz^asszfibd  Unit  Costs  fob  Cotebino  Cleab  Wateb  Basin 


T3rpe  of  work 

Concrete 

Making  grcnned  arch  forms 

Setting  groin  forms  and  braces 

Dropping  forms 

Transporting  forms  to  derrick 

Hauling  forms  from  yard 

Building  column  forms 

Setting  and  wrecking  column  forms . . . 
Setting  and  wrecking  4  X  6-in.  poets . . 
Setting  and  wrecking  column  supports. 

Making  manhole  forms 

Tearing  up  forms 

Oiling,  repairing  and  notching  forms . . 

Cutting  stringers 

Earth  cover  (1,000  to  2,000  ft.  haul) . . . 
Pointing  up  rough  arches 


Quantity  * 
11,475  cu.  yd. 
39,595  sq.  ft. 
348,954  sq.  ft. 
330,541  sq.  ft. 
298,344  sq.  ft. 
83,841  sq.  ft. 
7,120  sq.  ft. 
102, 566^ sq.  ft. 
3,382  units 
810  units 
350  sq.  ft. 
492  ft.  b.m. 
23,210  sq.  ft. 
861  units 
37,024  cu.  yd. 


Unit 
cost 
$0,967 
0.057 
0.020 
0.017 
0.005 
0.008 
0.017 
0.056 
0.485 
0.747 
0.163 
0.602 
0.034 
0.053 
0.478 


Total 

cost 

$11,080.82 

2,243.45 

6,867.01 

5,761.13 

1.590.89 

658. 34 

121.75 

5,690.86 

1,639.65 

605.85 

57.03 

295.00 

704.67 

45.60 

17,714.30 

176. 90 


The  estimated  cost  of  the  work  complete  was  $135,000.  While  the  actual 
construction  cost,  including  materials,  was  within  $2000  of  this  amount, 
the  actual  costs  cannot  be  exactly  determined  on  account  of  lumber,  etc., 
being  used  on  the  filter  plant  proper,  and  no  credit  being  given  the  clear  water 
basin  for  it,  and  also  on  account  of  the  joint  use  of  machinery,  etc. 

Cost  of  Wooden  Form  Work  for  Groined  Arch  Reservoir  and  Conduits, 
Pittsburgh  Filtration  Works. — The  following  data  are  from  a  paper  by 
J.  D.  Stevenson  read  before  the  Society  of  Western  Engineers,  published 
in  the  Oct.,  1910,  Proceedings,  and  reprinted  in  Engineering  and  Contract- 
ing, Dec.  14,  1910. 

Description  of  Piers. — Fig.  10  shows  the  form  work  for  a  21.6  ft.  circular 
pier  27  Ins.  in  diameter,  being  one  of  720  piers  supporting  the  roof  of  the 
reservoir.  The  sketch  is  fully  dimensioned.  The  forms  are  in  three  sections 
each  7  ft.  2  ins.  long,  each  section  consists  of  two  semi  circular  pieces  of  No.  16 
galvanized  steel,  flanged  on  the  vertical  edge,  the  flanges  of  the  two  halves 
being  bolted  together  between  two  pieces  of  2  X  4-in.  lumber.  The  sections 
are  clamped  at  top,  bottom  and  middle  point  by  a  wooden  collar  made  in  four 
pieces  and  held  by  bolts. 

The  pier  forms  contain  488  ft.  of  lumber  and  688  sq.  ft.  of  metal.  The  brac- 
ing contained  507  ft.  of  lumber.  The  cost  as  compiled  by  the  writer  for  form 
work  on  four  piers,  12.68  cu.  yds.  is  given  in  Table  XIII.  This  Ls  an  average 
from  a  number  of  observations  taken  at  random  and  extending  over  a  period 
ci  8  months. 

Table  XIII. — Cost  op  Forms  for  Piers  Suppobting  Ground  Arch  Resbr- 
voiB  Roof;  Total  12.68  Cu.  Yds.  of  Concrete  in  Four  Piers 

Per 

Item  Total  cu.  yd. 

Stripping,  13  hrs.  carpenter  at  25  cts $  3.  25  $0.  27 

Cleaning.  15  hrs.  labor  at  16  cts 2. 25  0. 18 

Making; 

15  hrs.  carpenter  at  30  cts $  4.  50       

15  hrs.  labor  at  15  cts 2.20       

Total $  6.  75  $0.  53 

Setting: 

Khr.  carpenter  at  30  cts.. $0.23  

lli  hr.  laborer  at  15  cts 0. 19  

H  hr-  cableway  at  50  cts 0^12  ..->.. 

Total $  0.  54       $0. 04 

Phunbing  and  bracing,  15  hrs.  carp,  at  30  cts 4.  50         0.  35 

Grand  total $17.29       $1737 
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BottA  Arch. — Fig.  10  ihowi  the  deaigii  at  what  was  known  as  the  baiMfl  arch 
form.  Tbis  lona  waa  For  that  portion  ta  the  wall  from  the  springing  line  of 
the  arch  to  the  center  of  the  first  bay.  The  Inside  shape  waa  a  quarter  of  a 
12  It.  drcle  and  the  outside  an  arc  of  a  15  ft.  circle.  These  forms  caused 
more  trouble  than  an;  others  on  the  reservoir.  The  fnaide  was  built  lu  three 
equal  sections,  each  9  ft.  tons  and  5  ft.  10  Ins.  wide  on  the  chord.  The  ribs, 
2  X  12  ins.,  were  placed  on  21-ln.  centers  uid  lagging  was  I  x  3  in.,  soutbem 
pine,  tongue  and  grooved  and  dressed  on  both  sides. 

The  outside  forms  were  built  In  three  sections,  the  flist  section  bting  3  ft. 
of  tbe  wall  form  which  was  left  wired  to  the  wall  when  remoTiog  the  back  w&U 


Fio.  10. — Forms  (oraieredwalerreservolr  showing  in  elevation  piers,  walls  and 
griHned  arch  vaulting. 

form;  this  gave  ft  solid  base  upon  which  to  build.  The  second  was  placed 
before  fllUng  and  fastened  to  the  inner  form  by  wireH  and  wooden  interior 
struts  and  held  on  the  outside  by  an  outHgglnx  extending  up  from  the  wall. 
The  third  was  placed  after  Che  Ailing  had  reached  the  top  of  the  second  form 
and  was  wired  to  the  inner  form. 

The  remainder  of  the  arch  or  a  little  over  one-third  of  It  was  screeded,  no 
form  being  useded  on  the  outside. 

Some  trouble  developed  after  the  third  using  and  was  eotliety  due  to  the 
manner  of  removal.  The  bracing  extending  from  the  top  to  bottom,  sbowa 
In  Fig.  10.  was  not  removed  and  the  tonus  were  not  taken  down  in  three 
sections,  but  the  entire  form  was  removed  at  one  lime.  The  method  of 
removing  was  to  bitch  a  set  of  falls  to  one  of  the  upper  comers  to  break  the 
bonds  and  at  times  twelve  men  broke  the  rope  before  the  form  left  the  con- 
crete. It  was  not  uncommon  to  pull  oS  several  ribs  In  an  attempt  to  break 
this  bond.  The  result  was  that  this  pulling  greatly  distorted  the  form.  This 
first  showed  up  In  the  Inability  to  make  a  good  Joint  between  forms  and  finally 
necessitated  rebuilding  the  forms.  The  trouble  could  have  been  eliminated 
by  removing  the  forms  In  three  pieces  rather  than  in  one.  The  barrel  archea 
Oh  tbe  filters  were  similar,  but  one-half  the  length.  On  these  there  was  no 
particular  trouble. 
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The  barrel  arch  in  filtered  water  reservoir  contained  0.92H  cu.  yd.  per 
running  foot  and  the  units  placed  were  36  ft.  long  or  33K  cu.  yds.  The  cost 
at  forms  is  given  in  Table  XIV. 

The  cost  is  an  average  from  a  number  of  observations  made  by  the  writer. 
The  cost  of  hauling  out  is  rather  high  and  unusual,  the  forms,  however,  were 
of  awkward  shape  and  very  large,  and  had  to  be  hauled  on  a  truck  by  hand  a 
distance jM  great  as  300  ft.  The  floor  over  which  they  were  hauled  consisted 
of  inverted  groins  with  piers  every  18  ft.  The  trimming  and  trueing  at  58  cts. 
a  yard  is  due  to  the  trouble  previously  explained. 

Tabi^  XIV. — Cost  op  Fobmb  poh  Barbel  Abch  Fh^tebed  Watbb  Rbbbbvoir, 

PrrrsBUBG.  Pa. 

Fabrication  at  mill:  Total       Per  ou.  yd. 

240  hrs.  at  35  cts $84.00*         $0.31 

Taking  Down: 

1  foreman  2  hrs.  at  30  cts 0.  60 

9  laborers  18  hrs.  at  20  cts 3.  60 

Total $4.20  $0.18 

Hauling  Out: 

1  foreman  1J4  hrs.  at  30  cts $  0. 40 

12  laborers  16  hrs.  at  20  cts 3.  20 

Total $  3. 60  $0. 11 

Cleaning  and  Repairs: 

1  f <n'eman  5  hrs.  at  35  cts $  1 .  75 

4  carpent^^  20  hrs.  at  30  cts 6. 00 

2  helpers  10  hrs.  at  20  cts 2. 00 

Total $  9.75  $0.30 

Placing: 

CablewayH  hr.  at  $2 $  0. 66 

1  foreman  H  hr.  at  40  cts 0. 13 

3  carpenters  1  hr.  at  35  cts 0.  35 

6  laborers  IH  hrs.  at  15  cts 0.  25 

Totel .' $  1.39  $0.04 

Trimming  and  Trueing: 

1  foreman  10  hss.  at  35  cts $  3.  50 

4  carpenters  40  hrs.  at  30  cts 12. 00 

2  helpers  20  hrs.  at  20  cts 4. 00 

Total $19.50  $0.58 

Grand  totel $48.94  $1.47 

*  Uaed  8  times. 

WaUt."^— The  wall  forms  shown  in  Fig.  10,  are  in  accordance  with  the  general 
practice  in  such  work.  All  forms  were  made  in  9-ft.  sections  and  from  top  to 
bottom  in  one  unit.  The  method  for  preventing  the  forms  from  raising  is 
shown  in  the  iUustration  and  consisted  of  hooks  set  in  the  first  layer  of  con- 
crete and  wires  tying  the  forms  to  these  hooks. 

The  forms  were  used  on  an  average  of  10  times  and  the  only  repairs  made 
were  a  board  now  and  then,  where  the  bar  in  removing  had  splintered  or 
broken  the  forms.  The  edges  of  the  forms  become  more  or  less  frayed  and 
this  was  cared  for  by  a  metal  strip  tacked  over  the  joint.  This  practice  was 
permissible  in  this  work  as  the  face  would  not  be  exposed.  In  finished 
surfaces  it  should  never  be  used,  as  the  metal  leaves  a  surface  entirely  different 
fjrom  the  wood  and  very  readily  noticed. 
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The  regular  wall  in  the  reservoir  contained  2.33H  cu-  7<is.  per  running  foot 
and  as  a  rule  the  wall  was  built  in  36-ft.  sections  or  84  cu.  yds.  This  amount 
varied  within  a  yard  as  the  point  where  the  wall  ceased  and  the  barrel  started 
was  not  closely  defined.  The  cost  of  forms  is  given  in  Table  XV.  This 
cost  is  a  weighted  average  as  in  this  work  there  was  a  great  amount  of  variance. 
Often  the  cable  way  was  used  in  removing  forms  and  the  cost  cut  down,  th^i 
again  the  forms  would  be  in  bad  shape  and  require  much  repairing.  As  an 
example,  on  the 

2lBt  w^ll  forms  cost $0.  73  per  cu.  yd. 

23rd  wall  forms  cost 63  per  cu.  yd. 

24th  wall  forms  cost 55  per  cu.  yd. 

25th  wall  forms  cost 42  per  cu.  yd. 

26th  wall  forms  cost 49  per  cu.  yd. 

Table  XV. — Cost  of  Wall  Fobmb,  Fxltbbbd  Water  Rbbbbvoir,  PrrrsBURO, 

Pa. 

Fabrication  in  Mill:  Total      Per  cu.  yd. 

110  hrs.  carpenters  at  35  cts $38.  50*         $0. 038 

Taking  Down; 

1  foreman  10  hrs.  at  35  cts $  3.  50 

2  carpenters  20  hrs.  at  30  cts 6. 00 

4  laborers  40  hrs.  at  20  cts 8. 00 

Total $17.50  $0,208 

Setting  Up: 

1  foreman  10  hrs.  at  35  cts $  3.  50 

6  carpenters  60  hrs.  at  30  cts 18. 00 

4  helpers  40  hrs.  at  20  cts 8. 00 

Total $29.50  $0,350 

t  Grand  total $50.  20  $0. 596 

fThis  does  not  include  cost  of  material.     *  Used  12  times. 

Groined  Arch  Forma. — Fig.  10  shows  groined  arch  forms  in  elevation. 
Each  pier  top  was  molded  on  forms  built  in  four  triangular  sections,  the  joints 
between  sections  being  on  centers  of  arches  and  on  diagonal  lines  between 
piers.  The  ribs  were  2-in.  white  pine  placed  on  the  diagonal  line  and  on  2^t. 
centers  between  the  diagonals,  the  decking  was  1-in.  southern  pine  tongue  and 
grooved.     The  forms  were  well  oiled  before  filling. 

The  pier  edge  of  each  form  rested  on  a  collar  bolted  to  the  piers.  The 
piers,  having  been  built  2  ins.  higher  than  the  springing  line  of  the  arch, 
prevented  any  horizontal  movement  in  the  form.  The  four  comers  were 
supported  by  8  X  8-in.  posts  and  midway  between  comer  posts  were  placed 
4  X  4-in.  posts.  The  proper  elevation  on  the  top  of  arch  was  first  secured 
by  placing  wedges  between  the  top  of  post  and  form.  Later  it  was  found  that 
dumping  the  concrete  disarranged  these  wedges  and  their  use  was  discon- 
tinued and  0.5-in.  boards  were  used  and  toenailed.  This  allowed  only  an 
adjustment  of  0.5  in.,  which  was  considered  close  enough. 

The  joint  between  forms  on  the  top  was  made  by  a  crown  strip  whicdi  varied 
from  2  to  4  ins.  wide.  The  comer  joints  were  finished  by  a  1-in.  triangular 
strip  which  relieved  the  rough  comer.  The  forms  being  square  and  piers 
round  required  a  filler  in  the  comers.  This  filler  was  first  made  of  plaster 
paris  mixed  with  excelsior,  but  was  unsatisfactory  as  the  breakage  was  high 
and  it  was  impossible  to  use  it  a  second  time.  The  cast  of  the  fillers  in  plaster 
paris  was  about  27  cts.  each.  Later  wood  was  used  and  the  work  was  finished 
using  wood.    On  Contract  11  the  contractor  used  a  metal  filler  cut  from  No. 
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16  gage  sheet  iron.  This  filler  was  used  over  and  over,  the  first  cost  being 
10  cts.  each. 

On  Contract  No.  1,  the  filters,  the  total  amount  of  arch  centering  placed 
was  2,130,012  sq.  ft.  There  were  240,000  sq.  ft.  of  forms  actually  made  to 
complete  the  work,  an  average  of  ten  times  use  for  each  form.  The  actual 
cost  was  $0.0435  per  sq.  ft.  placed;  this  cost  includes  plant  charges,  adminis- 
tration charges,  material,  etc. 

On  Contract  No.  2,  the  reservoir,  there  were  placed  243,300  sq.  ft.  <^  vault- 
ing forms  and  there  was  actually  made  about  20,000  sq.  ft.  The  cost  was 
$0,096  per  sq.  ft.  placed,  or  about  $3.50  per  cu.  yd.  of  concrete  placed.  This 
cost  is  a  final  cost  including  everything  chargeable^  to  the  forms. 

For  a  detailed  cost  Table  XVI  was  prepared  from  information  gathered  by 
the  writer: 

Four  forms  made  one  pier  top  or 8 .  1864  cu.  yd. 

Lumber  in  one  pier  top 1,000  ft. 

Lumber  in  posts  and  bracing 400  ft. 

Lumber  in  shoring  on  piers 150  ft. 

To  the  above  cost  must  be  added  a  charge  for  hauling  the  forms  from  the 
place  of  removal  to  the  place  of  setting.  This  varied  greatly  and  from 
observations  cost  15  man  hours  per  100  ft.  hauled. 

Tablb  XVI. — Cost  of  Vaulting  Forms  for  Filterbd  Water  Rbsbrvoxr, 

PrrrsBURQ,  Pa. 

Making  of  Groins  at  Mill:  Total         Per  cu.  yd. 

120  hrs.  at  $0.35 $42.00*  $0.42 

Setting  Groins: 

1  foreman  K  hr.  at  35  cts $  0. 09 

3  carpenters  ^  hr.  at  30  cts 0.  225 

6  laborers  IH  nr.  at  20  cts 0.  30 

1  cableway  K  hr.  at  $2.00 0.  50 

$1,115  $0.14 

Setting  Comer  Posts: 

Cableway  0.1  hr.  at  $2.00 $  0. 20 

3  carpenters  0.3  hr.  at  30  cts 0. 09 

$0.29  $0.03 

Intermediate  posts,  3  carpenters  IH  hr.  at  30  cts $  0. 45             $0. 05 

Sborio^  piers,  2  carpenters  3  hrs.  at  30  cts 0.  90             $0. 11 

Trimming  and  trueing,  4  carpenters  3  hrs.  at  30  cts 1 .  20             $0. 15 

Taking  Down  Groins: 

1  foreman  IH  hrs.  at  30  cts $  0.40 

5  laborers  6H  hrs.  at  20  cts 1.  35 

5  laborers  6  H  hrs.  at  15  cts 1.00 

Total $2.75  $0.33 

Grand  total $10. 20  $1. 22 

*  Used  12  times. 

CoH  of  Bending  Reinforcing  Steel. — In  the  equalizing  chamber  the  steel 
required  careful  bending.  There  were  27  different  shapes.  A  record  kept 
by  tbe  writer  on  the  bending  of  10,325  lbs.  extending  over  a  period  of  10  days 
showed  a  cost  of:  0.88  man  hours  per  100  lbs.  for  blacksmith  and  of  1.66  man 
hours  per  100  lbs.  for  helpers.  At  the  prices  paid,  or  25  cts.  per  hour  for 
blacksmith  and  16  cts.  for  helper  this  cost  was  48.9  cts.  per  100  lbs.  In  addi- 
UoD  to  this  was  chargeable  0.24  man  hours  per  100  lbs.  for  the  layer  out, 
viiich  work  was  done  by  the  boss  carpenter  at  a  cost  of  20  cts.  per  100  lbs., 
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torm  was  built  and  all  shapes  laid  o\ 
curvature  and  the  rods  beet  to  Ql. 

Conduits — The  construction  of  conduit  forma  was  governed  greatly  bf  the 
place  tbe;  were  to  be  installed  and  the  aurroundingB.  A  conduit  In  a  trench 
Ottma  different  requlremeiits  than  conduit  in  the  open.  The  loner  form  or 
burel  la  generally  flrat  placed.  This  la  beld  to  the  proper  elevation  by  plera, 
□r  saddles,  separately  cast,  and  the  tops  set  to  grade.  The  steal  Is  neit 
placed  and  then  the  outer  forms. 

Care  muat  be  exercised  to  praveat  the  form  tloathig  or  roUing  and  In  fllUns 
tile  bottom.  The  bottom  la  Bometimes  cftrod  for  by  pladng  giout  tubee.  or 
by  simply  smoothing  up  after  Ibe  removal  of  the  forms.  In  a  number  of 
conduits  on  the  reservoir  work  a  board  was  left  oft  the  outside  forms  just 
above  the  Invert  and  through  this  opening  the  bottom  was  succeastully  filled 
by  tamping.  The  Slllng  □!  one  side  and  allowing  the  concrete  to  nm  under 
and  seelt  its  level  on  the  opposite  aide,  thus  aaauring  Dlling  Id  the  bottom,  la 
rather  daneerous  practice  ua  there  la  great  chance  of  moving  the  Inside  fona 


Fio.  11— Forms  and  bracing  for  by-paaa  conduit. 

Tbeby  pasa  conduit,  shown  in  Fig.  ll  Is  T  ft.  In  dlanteter  and  about  1.20O 
ft.  long,  built  in  3S-ft.  sections,  contained  4S.8  cu.  yda.  and  3,600  lbs.  steel  per 
section,  and  was  built  alter  the  roof  of  the  reaervolr  was  In  place,  the  plera 
and  root  being  used  to  brace  against.  The  barrel  was  placed  on  concreto 
saddles  and  painted  with  cold  water  paint.  The  r^ntorcement  was  next 
placed  and  then  the  outside  forma.  The  braces  were  all  fltted  and  marked 
and  they  together  with  all  except  the  bottom  outside  form  were  removed  and 
stored  conveniently  for  eaay  access.  Theharrel  was  held  down  by  braces  to  the 
roof  and  held  lateraUy  by  bracea  to  stringera  placed  along  the  piera.  When 
the  concrete  reached  the  level  of  the  top  of  the  bottom  form,  the  second 
form  was  placed  and  so  on  until  the  top  was  reached.  After  the  concrete  waa 
placed  to  a  depth  level  with  the  top  of  the  barrel  It  waa  found  that  there 
was  no  tendency  to  rise  and  the  bracea  to  the  roof  were  removed. 

The  forms  In  this  conduit  were  all  bolted  together:  the  inside  or  bai-rei 
form  collapses  by  dropping  the  top  section.  The  time  required  to  build 
one  section  was  three  daya  and  the  time  to  fill  It  was  seven  hours. 

The  forms  including  bracing  contained  S,3S0  ft.  of  lumber.    The  lagging 
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ma  I  In.  southern  pine  and  tbe  ribs  2  In.  white  pine.  The  cost  dI  a  3S-ft. 
KKtloD,  tncludlne  taking  down,  placing  steel,  etc.,  as  complied  from  a  number 
(rf  obserratlons  was : 

Cost 

Timn       per 

Time         tUte         Coat         used     Du.  yd, 

BuildiDe  forma  at  mill 489         SO.  35     1171.15         10       SO.  38 

Caipenter  work  in  field — 

Cupenter 227W         .35     

HelpetB IB^         .20        S3. 39  1         1.70 

The  forms  for  the  seven  foot  filtered  water  conduit  shown  in  Fig.  13  l9  a 
good  example  of  form  work  for  a  conduit  in  a  trench.  In  this  conduit  no 
outside  forma  eicept  one  on  either  side  of  tbe  top  was  neceaaary.  The  sec- 
tions were  30  ft.  in  Isngtli,  contained  32  cu.  yds.  of  concrete  and  2,600  li>3. 
of  steel.  One  foreman,  4  caipentera  and  4  helpers  took  down  the  back  forma. 
set  them  up  aliead  and  placed  the  steel  read;  for  filling  at  the  rate  of  one 
aectloD  a  day.  Two  sets  of  tomia  were  used  and  they  were  removed  the 
folJowtDg  day  as  early  oa  10  o'clock;  thua  while  fllUng  one  section  another 


Fia.  12. — Formi  and  brsnng  for  7-(t.  filtered  water  conduit. 

w^  being  prepared,    Tbe  cost  of  setting  up  the  forms  and  placing  steti  was 
SI. 15  per  cu.  yd.  and  tbe  cost  of  bending  steel  40  cts.  per  100  lbs. 

The  48-Iq.  conduit  was  a  plain  circle  inside  witb  perpendicular  sides  and 
semicircular  top  outside.  The  drain  was  located  in  a  21-rt.  All,  placed  in 
sectitms  varying  from  20  ft.  to  So  ft.  in  length  and  contained  0.387  cu.  yd.  ot 
concrete  and  35  lbs,  steel  per  lineal  foot  at  conduit.  Tbe  forms  were  built 
In  tbe  mill  and  used  six  times  in  the  Qeld: 

Per  cu.  yd, 

Lomber SO.  72 

Mill  work 30 

Beodins  steel 2S 

Carpenter  work  in  field 2.13 

Total •3, 41 

Total,  cu.  it.  of  drain 1. 50 

Cod  ot  KeliniDg  a  Brick-lioed  ReaerToir  with  Concrete. — Thomas  Fleming, 
Jr.  kIvcb  the  fotlowing  data  in  Engineering  and  Contracting,  April  3,  1912, 

Tbe  B^evue  teservolr  of  the  Ohio  Valley  Water  Co.,  which  supplies  a 
large  suburban  territory  west  of  Pittsburg,  consists  of  an  earth  eml>ankment 
Kltb  a  vertical  lining  of  brick  masonry  2  ft.  thick.  The  reservoir  b  130  ft, 
in  diameter  and  20  ft.  deep.  It  rests  on  solid  rock  foundation  which  several 
years  ago  was  covered  with  a  concrete  floor.  It  has  a  capacity  of  2,000.000 
<■!«- 

10 
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During  the  winter  season  the  joints  between  the  bricks  opened  up  enough 
to  allow  as  much  as  400,000  gals,  per  day  to  leak  out.  While  the  leakage  was 
was  not  periously  threatening  the  stability  of  the  reservoir,  yet  it  was  a  serious 
proposition  financially.  The  cost  of  pumping  water  at  this  plant  against 
the  high  head  (480  ft.)  prevailing,  was  at  that  time  3  cts.  per  1,000  gals.  This 
cost  includes  only  fuel  and  labor.  It  was  estimated  that  the  leakage  averaged 
100,000  gals,  per  day  per  annum,  which  amounted  to  a  financial  loss  of  $3 
per  day,  or  $1,095  per  year.  This  capitalized  at  8  per  cent  would  represent 
an  investment  of  $13,688. 

Several  schemes  were  proposed  to  stop  this  leakage,  but  it  was  finally 
decided  to  reline  the  reservoir  with  an  8-in.  concrete  lining.     This  lining  was 

designed  to  be  constructed  in  sections 

•      '  « IT  29  ft.  long  horizontally  and  extending 

IZxZOO  236         the  full  vertical  height  of  the  reser- 

I  Copper  Strip  voir.    The  sections  were  connected 

by  a  metal  expansion  joint.      This 


r  ''•'■^•'•''''•':^^  •■•'rS  ^*^  made  of  thin  sheets  of  copper  of 

jf^^->*"  ii?^^^  No.  28  gage  12  ins.  X  20  ft.     The 

V'0.'.' ':'.■  h-^:^yz^^:±9:.{':.:[y..-':\  :\        sheet  of  copper  was  corrugated  and 

FiQ.  13.— Sketch  showing  method  of  ^^^  'o^^ed  at  the  center  for  a  width 
making  copper  joints  between  sections  of  4  ins.,  as  shown  in  Fig.  13.  One 
of  concrete.  e^lge  was  inserted  in  the  section  to 

be  built  and  when  the  adjacent  sec- 
tion was  constructed  the  other  edge  was  inserted  in  it,  leaving  the  fold  between 
the  faces  of  the  adjacent  sections.  The  sections  were  built  alternately. 
There  were  forms  for  four  sections  so  that  the  work  could  progress  contin- 
uously. It  took  a  day  to  pour  one  section  and  while  this  section  was  being 
poured,  the  carpenters  were  bracing  the  section  for  the  next  day's  work  and 
laborers  were  removing  form  from  section  that  had  been  poured  two  days 
before  and  were  setting  this  form  for  work  to  follow  two  days  later. 

The  form  for  each  section  was  constructed  in  one  piece  with  vertical  struts 
and  horizontal  nailing  pieces.  These  nailing  pieces  were  2  ins.  X  12  ins., 
cut  to  the  arc  of  the  circle  and  spaced  2  ft.  c.  to  c. ;  1-in.  sheeting  was  nailed 
to  these  vertically  and  2-in.  X  10-in.  struts  also  vertical  were  spaced  on  the 
back  of  the  form  5  ft.  c.  to  c.  The  braces  were  nailed  to  these  struts.  The 
specifications  stated  that  the  contractor  must  not  cut  any  holes  in  the  concrete 
floor  for  supporting  or  bracing  form  work.  Heavy  pieces  of  timber  were 
therefore  laid  on  the  floor  of  the  reservoir  entirely  across  it  and  braced  against 
the  wall  on  the  opposite  side.  The  form  braces  were  then  nailed  to  these 
timbers.  Each  section  was  poured  in  one  day.  The  concrete  was  a  1:2:4 
mixture  and  was  placed  wet  and  thoroughly  spaded.  The  filling  was  made 
slowly  so  that  the  concrete  in  the  lower  part  of  the  section  would  attain  its 
initial  set  before  the  pressure  from  above  could  cause  a  deformation  of  forms. 
Upon  the  completion  of  a  section  it  was  allowed  to  stand  two  days  before 
removing  the  form.  The  surface  was  then  gone  over  with  tools,  imperfections 
removed,  and  a  thin  coat  of  Uquid  cement  grout  was  applied.  Upon  the 
completion  of  the  work,  the  test  showed  that  the  reservoir  was  absolutely 
water  tight.     The  work  had  to  be  completed  in  24  days. 

The  following  costs  do  not  include  overhead  charges,  nor  do  they  include 
10,000  ft.  B.  M.  of  old  lumber  which  was  used  for  form  work  in  addition  to 
the  lumber  itemized  in  the  list  given.  The  cost  of  material  was  much  higher 
than  usual,  due  to  the  fact  that  it  was  necessary  to  haul  it  all  several  miles  up 
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a  very  steep  grade  where  it  was  necessary  to  use  extra  teams  for  a  part  of  the 
distance.  Prices  quoted  for  hauling  were  25  cts.  per  barrel  for  cement  and 
$2. 10  per  1,000  for  brick.    There  was  a  total  of  201^  cu.  yds.  of  concrete  used. 

Cost  of  Relxnino  Bbick-lined  Rbsbbvoirs  with  Concbetb 

Item  — Per  cu.  yd.  concrete — 

260  bbls.  cement  at  f  1.25.  deUv'd $    325.00         

123  tons  sand  at  $1.65.  delivered 202. 05         

276  tons  gravel  at  S1.45,  delivered 400.20         

Total  concrete  material $    028. 15  $4. 60 

4  M.  ft.  of  1-in.  boards  at  $22 88. 00  

Tools  and  lumber 55. 00  

Nails,  oil.  supplies  and  incidentals 18. 50  

Total  form  mat'l  and  incidentals $     161.50  $0.80 

Foreman,  20  days  at  $5 100. 00  

Carpenters  at  $3.50  par  man  per  day 310. 14  

Labor  at  $1.85  per  day 297.30  

Finishing  and  cleaning  up 54. 16  

Total  for  labor $     761. 60        $3.  77 


Total  cost  of  lining $1 ,851.  25         $9. 17 

Cost  of  Removing  Old  Wooden  Roof  of  Reservoir  and  Building  New  One. — 
Engineering  and  Contracting,  March  19,  1919,  gives  the  following  costs  of 
removing  an  old  wooden  roof  from  the  Villa  Street  reservoir  of  the  Water 
Department  of  Pasadena  Cal.  and  erecting  a  new  wooden  covering.  The 
roof  covers  an  area  of  3.7  acres  and  was  originally  built  in  1899.  The  new 
roof  was  built  in  the  year  1917. 

The  roof  ^as  325  X  495  ft.  and  contained  251,681  ft.  B.M.  of  lumber. 

Tbe  total  cost  of  removing  and  salvaging  the  materials  was  $781,  detailed  as 

foOows: 

Cost  per 
Cost  per     100  sq.  ft. 
Total     M.  ft.  B.M.  of  roof 

Preparing  yard  for  receiving  lumber: 

Labor $  19       

Auto 4       


Total $  23  $0. 0917       $0. 0143 

Removing  lumber  from  reservoir: 

Labor 162  .6484           .1014 

Hauling  and  stacking  lumber  in  yard: 

Labor 139       

Auto 20       

Material 64       


Total $223  .  8883           .  1390 

Removing  2-in.  pipe  posts: 

Labor 16  .0632           .0100 

EUisineering  and  other  supervision: 

Labor 78       

Auto.. __20       

Total $  98  .  3889           .  0608 

Sale  and  other  disposal  of  materials: 

Labor 119       

Auto _^       

Total fl86  .7407          .1159 
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Overhead . 


71 


.2821 


0441 


S3. 1033       $0. 4855 


Grand  total 

The  value  of  the  materials  recovered  was: 
Broken  and  split  lumber  sold  as  kindling  at  $2.50  per  truck  load,  49,663 

ft $      82 

Serviceable  lumber  sold  at  $9  and  SIO  per  M.  ft.,  119,844  ft 1 ,  189 

Lumber  taken  into  stock,  82,174  ft 821 


Total  value  of  lumber  recovered $2,093 

Pipe  P5>et8  sold  (9,373  ft.  2-in.  screw  pipe) 350 

Appraised  value  of  hardware  cloth  (2,334  sq.  ft.  at  3  ot.) 70 

Total $2,618 

The  new  roof  is  the  same  size  as  the  old  one.    Its  details  are  as  fc^ows: 

Roofing,  1  in.  X  8  in.,  1  in.  X  10  in.,  and  1  in.  X  12  in.  R.  W.  boards;  joists, 

2  in.  X  8  in.  O.  P.  16  ft.  long  spaced  40  ft.  c.  to  c.  (west  tier  2  in.  X  10  in. — 

20  ft.,  4  ft.  c.  to  c).     Girders,  2—2  in.  X  12  in.  O.  P.— 18  ft.  long  spiked 

together,  spaced  15  ft.  9  in.  c.  to  c.    Posts,  6  in.   X  6  in.  R.  W.  18  ft.  and 

20  ft.  long  with  6  in.  X  6  in.  X  3  ft.  R.  W.  corbels.     Work  was  begun  on  Jan. 

8,  1918,  and  was  completed  March  9,  1918.    The  detailed  costs  were  as 

follows: 

Per  M. 

ft.  B.M.     Per  sq. 
Total        in  roof      ft.  roof 
48  concrete  footings  on  slope: 

Labor,  11^  man  days  at  $3.523 $        41     

Material 6     


Total $ 

Construction  of  wooden  roof: 

Labor,  390^  man  days  at  $3.469 $  1 ,352 

;  Auto 12 

Material,  300.4  M.  ft 10. 150 


47     $  0. 158 


4.500 

.039 

33.788 


$0.0003 

0.0084 
' ! 0631 


Total 

Hauling  lumbw: 
Labor,  44^  man  days  at  $2,857. 
Auto 


127 
57 


$38. 327     $0. 0716 

0. 42o      

-.190     


Total 

Other  hauling: 
Labor,  1  11-16  man  days  at  $3,342. 
Auto 


$0,613     $0.0011 


6 
3 


•   •   ■   •   » 


•   ••••• 


Total $           9  $  0. 030  $0. 0001 

Engineering  and  supervision,  30  man  days  at 

$4.952 149  .495  .0009 

Disposal  of  surplus  and  waste  material 25  .  083  .  0002 

Overhead 1,193  3.971  .0074 

Grand  totals $43,679  $0.0814 


Cost  of  Concrete  Wave  Protection  for  Earthen  Dams. — The  costs  of  placing^ 
concrete  linings  on  the  earth  dikes  of  the  North  Laramie  Land  Co.,  Uva, 
Wyoming  is  given  by  W.  D' Rohan  in  Engineering  and  Contracting,  Nov.  27, 
1912. 

The  principal  features  of  the  concrete  linings  are  indicated  in  Figs.  14  and  15. 

In  the  reconstruction  of  the  system,  it  was  necessary  to  increase  the  capacity 
of  No.  1  reservoir,  by  raising  the  height  of  the  dams.    Owing  to  the  scarcity 
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ol  an;  suitable  materia,  it  naa  decided  to  Increase  the  height  of  tlie  North 
dyke  by  means  (rf  a  parapet  wall  and  aa  the  dyke  Is  eiiKteed  to  the  greatwt 
wind  atorms,  the  opportunity  of  putting  a  nave  break  on  the  top  ol  the  wall 
CMNild  not  be  n^lacted.  The  East  dyke  Is  oC  horBeaboe  rorm  about  2,S00  ft. 
king;  1,300  ft.  of  It  being  faced  with  plain  concrete  slabs,  and  tbe  two  ends  with 


Pio.  14, — Bantonied    c 


alab-fsciiiE  far  dams  ■ 


id  3,  North  Laiamie  Idnd  C 


\  I  Cijrv/rivaf'  s^vtiBitsm/  too  dcfiih 
XpesigroWl  bg  Vie  £rtgr  kt  firarp; 

Fia.  IS.— Concrete  iJDing  for  east  dikeofrewrvoii  No.  1,  NorthLanmieLandCo. 

huid  laid  riprap.  This  dyke  being  favorably  suitated  as  regards  material, 
15,S24  cu.  yds.  of  dirt  were  placed  on  it.  The  dyke  was  flist  plowed  and  the 
Dll  placed  in  3  ft,  iayerfi  by  meaoa  of  wheelera  and  scrapers.  All  of  tbia 
mat«rlal  was  takoi  from  the  outside  of  the  dam  with  an  average  haul  of  300 
ft.  and  cost  t3.6IS.30  or  about  23  cts.  per  yard.  The  detailed  coat  of  this 
wi»  as  follows. 
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Eabth  Work,  East  Dtkb  Dam 

Foreman,  360  hrs.,  at  35  cts.  per  hr $     126. 00 

Laborers,  1,020  hrs.,  at  25  cts.  per  hr 255. 00 

Laborers,  750  ors.,  at  30  cts  per  hr 225. 00 

Teams,  4,395  hrs.,  at  45  cts.  per  hr 1 ,977.  75 

Teams,  2, 178  hrs.,  at  47)^  cts.  per  hr 1 ,034.  65 

Total $3,618.30 

The  preparations  for  the  placing  of  the  concrete  facing  were  b^^nn  by  the 
excavation  of  the  toe  wall.  This  was  taken  out  in  very  cold  weather  by  a 
"home-guard"  foreman  who  allowed  his  men  to  stand  around  fires  instead  of 
working  and  cost  $200.25  for  171.5  cu.  yds.  of  material.  With  proper  super- 
vision the  cost  could  not  possibly  exceed  $50. 

The  trench  was  taken  out  18  ins.  wide  to  an  average  depth  of  4  ft.,  being 
7  ft.  deep  at  the  lowest  p(Mnt.  The  "niggerheads"  were  now  thrown  to  the 
toe  of  the  dam,  loaded  on  wagons  and  hauled  to  the  ends  of  the  dyke  where 
they  were  used  for  riprap. 

All  of  the  c(Hicrete  placed  on  the  work  was  mixed  1,  2)4  a>n<l  5;  the  sand  and 
gravel  being  taken  from  a  pit  IH  miles  from  the  work.  As  the  greater  part 
of  the  rock  was  too  laige  for  light  concrete,  a  small  crusher  with  a  capacity  of 
40  tons  was  installed.  This  was  driven  by  a  10  hp.  Stickney  gasoline  engine 
which  also  operated  the  carrier.  The  crusher  was  charged  by  wheelbarrows 
and  the  crushed  material  conveyed  by  the  carrier  to  the  top  of  a  sloping  screen. 
All  material  not  passing  through  K-in-  mesh  was  classed  as  rock.  This 
crushing  cost  on  an  average  75  cts.  per  yard.  The  sand  and  gravel  were 
hauled  to  the  work  by  teams  hired  at  $5  per  day,  each  team  making  six  trips 
and  hauling  10  cu.  yds.  The  water  for  mixing  was  pumped  by  a  3  bp.  Stick- 
ney gasoline  engine  through  ^-in.  pipe,  the  delivery  at  1,500  ft.  with  10  -ft. 
lift  being  30  gals,  per  hour,  necessitating  storage  in  barrels  and  overtime  for 
the  engineer,  who  ran  both  mixer  and  pump. 

The  toe-wall  concrete  was  mixed  by  hand,  two  boards  being  used,  5  men  to 
each  board,  with  6  men  charging,  2  men  tamping  and  2  men  finishing  the  top 
and  placing  the  rods  for  the  slabs.  The  labor  cost  of  mixing  and  placing 
amounted  to  $1.98  per  cubic  yard.  The  mixing  boards  were  placed  along  the 
trench  and  were  moved  about  40  ft.  at  a  time.  The  dyke  slope  was  next 
trimmed  to  templet,  and  carefully  tamped,  large  wooden  tampers  being  used. 

The  mixer  used  was  a  H-yd-  Ransome  driven  by  a  10  hp.  Stickney  gasoline 
engine.  All  of  the  material  was  placed  <m  the  inside  of  the  reservoir  and  the 
mixed  concrete  was  carried  up  the  incline  in  wheelbarrows.  Two  men  with 
hooks  helped  the  barrowmen  up  the  incline.  The  mixer  was  moved  three 
times.  Two  wheelbarrows  of  rock  and  one  of  sand  were  mixed  with  one  sack 
of  cement  at  a  time,  necessitating  a  double  charging  force  of  six  men;  1  man 
handled  cement  and  water,  1  loaded  the  wheelbarrows,  the  number  of  which 
Varied  from  8  to  14  according  to  the  length  of  the  haul;  2  hook  men  snapped 
them  up  the  incline. 

The  slab  forms  consisted  simply  of  one  2  X  4-in.  laid  fiatways  with  another 
one  on  edge  nailed  to  it  and  held  in  plac6  by  stakes.  For  the  ends  of  the  slabs 
the  top  2  X  4-in.  had  holes  bored  in  it  for  the  tie  rods;  1  carpenter  and  1 
helper  attended  to  the  moving  and  placing  of  the  forms,  rods  and  rubberoid. 
The  concrete  was  run  into  the  Auba  by  means  of  troughs  made  of  galvanized 
sheet  iron.  These  chutes  were  7  ft.  long  in  a  light  frame  and  as  they  weighed 
only  76  lbs.  were  very  easily  moved. 
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Two  slabs  were  placed  at  a  time,  the  placing  gang  consisting  of  1  man  clean- 
ing the  wheelbarrows  and  chutes,  2  men  placing  the  concrete,  2  men  on  straight 
edge,  and  one  man  troweling.  In  placing  the  concrete  the  men  were  earful 
to  turn  their  shovels  upside  down  with  every  shovelful.  In  this  way,  rich 
mortar  that  usually  sticks  to  the  shovel  was  on  top,  making  it  possible  for  the 
trowel  man  to  put  a  good  finish  on  the  slab,  using  an  ordinary  9-in.  plasterer's 
trowel.  Just  before  the  concrete  had  its  initial  set  the  slabs  were  painted  with 
a  tldn  gTouU  made  of  sand  and  cement,  care  being  taken  that  the  sand  con- 
tent of  the  mixture  was  the  same  as  that  of  the  conrete  previously  placed. 
This  grout  filled  up  all  of  the  holes  left  by  the  trowel  man,  gave  the  slabs  a 
uniform  color,  and  as  it  and  the  slab  were  practically  of  the  same  mix  it  could 
not  suffer  from  unequal  contraction  and  expcmsion.  The  grout  was  mixed  in 
a  mortar  box,  then  poured  on  a  slab  a  bucketful!  at  a  time;  this  was  well 
rubbed  into  the  slab  and  joints  with  an  ordinary  broom.  Two  men  were 
required  for  this  operation,  and  the  total  cost  did  not  exceed  10  cts.  per  yard. 

The  parapet  wall  was  placed  in  10  ft.  sections  to  correspond  with  the  slabs 
and  the  sections  were  separated  from  each  other  by  a  layer  of  rubberoid  nailed 
into  the  concrete. 

After  the  forms  were  taken  off  the  parapet  wall,  the  latter  was  backfilled 
to  the  top  and  the  dirt  sloped  to  the  outside  of  the  dyke  so  as  to  keep  any  rain 
water  from  getting  below  parapet  wall.  In  all  790.8  cu.  yds.  of  concrete  were 
placed  on  this  dyke  at  a  cost  of  $5,983.62  or  $7.56  per  cubic  yard.  The  dis- 
tribution of  costs  was  as  follows: 


Cost  Distribution,  Concrete  Facing,  East  Dtkb 

Excavation  and  Leveling: 

Laborers,  910  hrs.,  at  25  cts.  per  lir $     227.  50 

Assistant  foreman,  74  hrs.,  at  27H  ctH.  per  hr 20.  35 

Total $     247. 85 

Moving  and  placing  mixer 65. 00 

Transferring  material 48. 00 

Toe  Wall  Excavation: 

Foreman,  40  hrs.,  at  50  cts.  per  hr 20. 00 

Foreman.  60  hrs.,  at  27H  cts.  per  ar 16.  50 

Laborers,  655  hrs.,  at  25  cts.  per  hr 163.  75 

Total $     200.  25 

Concreting  Toe  Wall  (liand  mix): 

Laborers  mixing,  980  hrs.,  at  25  cts.  per  hr $     245. 00 

Waterman,  66  hrs.,  at  35  cts.  per  hr 19. 80 

Placiiu;  forms — 

Steel  and  finishing,  138  hrs.,  at  25  cts.  per  hr $      34.  50 

Team  hauling  cement,  25  hrs.,  at  50  cts.  per  far 12.  50 

Genial  foreman,  57  hrs.,  at  50  cts.  per  hr 28.  50 

Total $    340. 30 

^^^^tffri**-^**  Used  * 

Cement,  567  sacks,  at  $2.60  per  bbl $     368.  55 

Gasoline  for  pump,  30H  gals.,  at  25  cts.  per  gal 7.  60 

Steel,  1,246  Ibe.,  at  3  cts.  per  lb 37. 40 

Sand,  63  cu.  yds  ,  at  $1.25  per  cu.  j'd 78.  75 

Gravel,  126  cu.  yds.,  at  $1.25  per  cu.  yd 157.  50 

Total $     649. 80 
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Backfilling $      76. 15 

Placing  Slabs  and  Parapet  Wall. 

East  Dyke: 

Laborers  mixing  3,605  hrs.,  at  25  cts.  per  hr $     876. 25 

Waterman,  143  hrs.,  at  35  cts.  per  hr 42. 90 

Carpenters,  289  hrs.,  at  45  cts.  per  hr 130. 05 

Placing  steel  and  finishing,  436  hrs.,  at  25  cts.  per  hr 109. 00 

Team  hauling  cement,  39  hrs.,  at  50  cts.  per  hr 19. 50 

Mixer  feeder,  124  hrs.,  at  27K  «ts.  per  hr 34. 10 

General  foreman.  133  hrs.,  at  50  cts.  per  hr 66.  50 

Extra  waterman,  79  hrs.,  at25  cts.  per  hr 19. 75 

Total $1,298.05 

Material  Used,  Facing  East  Dyke: 

Cement,  2,835  sacks,  at  $2.60  per  bbl $1.843. 40 

Steel,  3,600  lbs.,  at  3  cts.  per  lb 108. 00 

Gasoline  for  mixer,  100  gals.,  at  25  cts.  per  gal 25. 00 

Gasoline  for  pump,  55  gals.,  at  25  cts.  per  gal 13.  75 

Lumber  (estimated) 25. 00 

Sand,  263  cu.  yds.,  at  $1.25  per  cu.  yd 328. 75 

Gravel,  530  cu.  yds.,  at  $1.25  per  cu.  yd 662. 50 

Rubberoid 52. 00 

Total $3,058. 40 

790. 8  yds.  of  concrete  placed  for $5,983.  80 

A  total  of  350.2  yds.  of  rip-rap  placed  on  the  outer  ends  of  the  East  dyke  at 
a  cost  of  $492.05,  which  also  includes  the  picking  up  of  the  rock.  A  small 
trench  18  ins.  wide  and  15  ins.  deep  was  first  dug  along  the  toe  of  the  dyke  and 
from  this  the  rock  was  laid  at  right  angles  to  the  slope.  The  gang  consisted 
of  5  men  laying  rip-rap,  with  3  helpers  passing  rock,  2  teams  with  2  helpers 
picking  up  and  loading  rock.    The  costs  distribution  was  as  follows: 

Gathering  and  Placing  Rip-Rap,  East  Dyke. 

Laborers,  laying  rock,  1,053  hours  at  25  cts.  per  hour $263.  25 

Foreman.  83  hours  at  273^  cts.  per  hour 22. 80 

Team  hauhng  rock,  241  hours  at  50  cts.  per  hour 120.  50 

Men  loading  rock,  342  hours  at  25  cts.  per  hour 85.  50 

350.2  cu.  yds.  placed  for $492. 05 

The  greater  part  of  the  concrete  of  the  North  dyke  was  placed  in  the  fall  of 
1911,  and  before  the  writer  was  connected  with  the  work.  The  toe  wall  was 
dug  to  a  depth  of  5  ft.,  and  all  of  the  concrete  placed  by  means  of  chutes,  the 
mixer  being  moved  along  the  top  of  the  dam.  In  this  way  554.8  cu.  yds.  of 
concrete  were  placed  at  a  total  cost  of  $8,478.43,  or  $15.28  per  cubic  yard.  The  / 
writer,  however  used  the  stationary  mixer  and  wheeled  the  concrete,  making 
faster  time  and  much  cheaper  work,  placing  576.1  cu.  yds.  of  concrete  at  a 
cost  of  $5,658.17  for  labor  and  material  or  $9.82  per  cubic  yard. 

The  forms  for  the  parapet  wall  were  built  at  the  bench  in  16-ft.  sections 
and  were  held  in  place  by  No.  9  soft  wire  tied  to  the  reinforcement,  the  inside 
form  being  also  braced  to  loops  of  wire  previously  bedded  in  the  beams  and 
allowed  to  stick  out.  All  of  the  reinforcing  was  placed  by  union  structural 
iron  workers.  It  is  not  usual  to  employ  imion  men  on  such  work,  but  from 
previous  experience  with  laborers  on  similar  work,  the  writer  is  of  the  opinion 
that  the  union  men  are  the  cheapest  in  the  end.  They  understand  the  work 
and  know  how  to  go  about  it,  and  allow  the  foreman  to  devote  his  time  to  the 
execution  of  the  work. 

The  forms  being  in  place  the  concrete  was  dumped  into  mortar  boxes  and 
shoveled  into  the  forms,  2  men  shoveling  and  1  tamping  from  each  box,  of 
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which  there  were  three,  made  100  cul  yds.  as  the  best  day's  run.    The  charg- 
ing gang  always  remained  the  same. 

The  detaQed  costs  of  this  work  including  that  previously  placed  were  as 
follows: 

Concreting  Face  of  North  Dyke 
Work  Done  Previous  to  May,  1912 

Foreman,  480  hours  at  50  cts.  per  hour S    240. 00   * 

Teams.  294  hours  at  46  cts.  per  hour 132.  30 

Laborers,  10,154  hours  at  25  cts.  j;>er  hour 2, 538.  50 

Laborers.  276  hours  at  27K  cts.  per  hour 75. 90 

Carpenters,  793  hours  at  454;t8.  per  hour 356.  85 

Carpenters,  190  hours  at  60  ots.  per  hour 95. 00 

Ironworkers,  819  hours  at  50  ots.  per  hour 409.  50 

Total $3,848. 06 

Lumber,  1,000  ft.  at  $31.00  per  M $      31. 00 

Cement,  850  bbls.  at  $2.60  per  bbl. 2,210. 00 

Gravel,  55.0cu.  yds.  at  $1.25  per  yd 687. 50 

Sand,  278  cu.  yds.  at  $1.25  per  yd 347.  50 

Gasohne,  480  gals,  at  26  cts.  per  gal 120. 00 

Steel,  40,812.8  lbs.  at  2  cts.  per  lb 1,224. 38 

Wire  (estimated) *. 10. 00 

Total $4,630.38 

554.8  cu.  yds.  for 8,478. 43 

Work  in  May,  1912 

Laborers  mixing,  3,085  hours  at  25  cts.  per  hour $  771.  25 

Waterman.  109  hours  at  30  cts.  per  hour 32.  70 

Cari>enter8,  342  hours  at  45  cts.  per  hour 153. 90 

Carpenter  helpers,  234  hours  at  25  cts.  per  hour 58.  50 

Union  steelmen,  392  hours  at  50  cts.  per  hour 196. 00 

Team  on  cement.  48  hours  at  50  cts.  per  hour 24. 00 

Mixer  feeder,  100  hours  at  27H  cts.  per  hour 27. 50 

General  f(n>eman,  113  hours  at  50  cts.  per  hour 56.  50 

Assistant  foreman.  11  hours  at  30  cts.  per  hour 3.  30 

Helpers  on  steel,  218  hours  at  26  cts.  per  hour 54.  50 

Total $1,378. 16 

Cement,  747  bbls.  at  $2.60  per  bbl $1.942. 20 

Sand,  280  yds.  at  $1.25  per  yd 350. 00 

Gravel,  554  yds.  at  $1.25  per  yd 692.  60 

Lumber.  3,000  ft.  B.M.  at  $31.00  per  M 93. 00 

Steel.  H'in.,  38,941  ft.  at  2  cts.  per  ft 778. 82 

Steel,  ^-in.,  8,100  ft.  at  4 K  cts.  per  ft 364.  50 

Gasoline.  136  gals,  at  25  cts.  per  gal 34. 00 

Wire,  nails,  etc 25.  (^ 

Total $4,280. 02 

576.1  yds.  placed  for $6,658. 17 

No.  3  reservoir  is  a  natural  depression  Surrounded  by  almost  level  land, 
with  an  opening  at  the  south  end  where  the  dam  is  located.  The  facing  of 
this  dam  was  of  the  beam  and  slab  type.  As  the  chief  engineer  was  desirous 
at  obtaining  a  good  idea  of  the  actual  costs  of  construction  of  this  design, 
everyone  put  his  best  foot  forward.  The  toe-wall  was  excavated  by  a  com- 
petent foreman  to  an  average  depth  of  9  ft.,  the  deepest  part  being  17  ft. 
and  the  shallowest  6  ft.  It  was  taken  out  2  ft.  wide  at  a  cost  of  47  cts.  per 
cubic  yard;  which  was  some  improvement  over  $1.16  per  cubic  yard,  the  cost 
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of  excavating  the  East  dyke  toe-wall.  The  beams  were  dug  out  for  23.6  cts. 
per  cubic  yard.  The  beam  forms  were  put  together  in  sections,  being  wired 
at  the  bottom  and  slotted  at  the  top  to  receive  the  reinforcement,  which  was 
also  put  together  at  the  bench,  a  lap  of  10  ins.  being  allowed.  For  the  placing 
of  the  toe-wall,  the  mixer  was  on  the  inside  of  the  reservoir  in  the  center,  and 
the  concrete  wheeled  each  way  a  distance  of  550  ft.  The  same  organization 
was  iised  throughout. 

This  dam  is  5H  miles  from  the  gravel  pit,  and  the  sand  and  gravel  haul  was 
let  to  the  teamsters  as  piece  work.  $1.82  per  cubic  yard  being  the  price  agreed 
on.  The  teams  made  two  trips  one  day  and  three  the  next,  hauling  on  an 
average  IH  cu.  yds.  to  the  load.  Owing  to  the  heavy  roads,  two  snap  teams 
had  to  be  provided,  and  this,  with  the  heavier  stripping  at  the  pit,  brought 
the  sand  and  gravel  price  up  to  $3.05  per  cubic  yard. 

For  the  beams,  slabs  and  parapet  wall,  the  mixer  was  placed  at  each  end  of 
the  dam,  600  ft.  of  the  dyke  being  faced  from  one  end  and  350  ft.  from  the 
other.  The  beam  concrete  was  run  into  a  mortar  box  placed  in  the  center  of 
a  slab.  Two  men.  shoveled  this  concrete  into  the  surrounding  beams,  one 
tamper  being  used  for  each  shoveler;  in  this  way  the  concrete  was  thoroughly 
spaded  and  placed  aro^d  the  steel. 

The  system  used  in  placing  the  slabs  and  parapet  wall  was  the  same  as  that 
for  the  East  and  North  dykes.  The  edges  of  the  beams  and  slabs  were 
rounded  with  an  ordinary  side-walk  edger,  and  this  wonderfully  improved 
the  general  appearance  of  the  whole  work.  The  slabs  were  washed  with  a 
sand  and  cement  grout  about  1  to  3  being  similar  to  the  concrete  mix,  sand 
content.  The  trowel  finish  on  the  beams  and  slabs  took  440  hours  of  labor 
at  25  cts.,  or  $110,  and  the  grout  wash  was  placed  by  two  laborers  who  used 
80  sacks  of  cement  and  spent  200  hours  on  the  work,  that  is,  the  total  labor 
and  material  cost  was  10  cu.  yds.  of  sand  at  $3.05,  80  sacks  of  cement  at  $2.70 
per  bbl.,  200  hours  labor  at  25  cts.,  making  a  total  of  $134.50. 

During  the  progress  of  this  work,  the  Colorado  &  Southern  R.  R.  tracks 
washed  out,  so  that  the  cement  had  to  be  hauled  from  Wheatland,  making  an 
extra  cost  of  haul  $70.     The  itemized  costs  of  facing  No.  3  dam  are  as  follows: 

Leveling  Dyke — 

Laborers,  588  hours  at  25  cts.  per  hour^ $     147. 00 

Foreman.  48  hours  at  35  cts.  per  hour 16. 80 

Teams,  10  hours  at  50  cts.  per  hour 5. 00 

981  cubic  yds.  moved  for $     168. 80 

or  17.5  cts.  per  yd. 

Filling  in  Slabs  and  Tamping  Dirt  in  Place — 

Laborers,  1,151  hours  at  25  cts.  per  hour $     287.  75 

Foreman,  41  hours  at  35  cts.  per  hour 14.  35 

950  cu.  yds.  moved  for $     302.  50 

or  31.8  cts.  per  yd. 

Excavating  Toe- Wall — 

Laborers.  711  hours  at  25  cts.  per  hour $     177.  75 

Foreman,  95  hours  at  35  cts.  per  hour 28.  50 

Teams,  15  hours  at  50  cts.  per  hour 7. 50 

453.1  cu.  yds.  moved  for $     213.  75 

or  47  cts.  per  yd. 
Beam  Excavation — 

Laborers,  440  hours  at  25  cts.  per  hour $     110. 00 

Foreman,  49  hours  at  35  cts.  per  hour 14.  70 

395  beams  12  ft.  long  and  2  ft.  deep  for . .   $     124. 70 
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Backfilling  Toe-WiOI— 

Laborers,  153  hours  at  25  cts.  per  hour $       38.  25 

Foreman,  12  hours  at  50  cts.  per  hour 6. 00 

$       44. 25 

Concreting  Toe- Wall — 

Carpenters,  222  hours  at  45  cts.  per  liour S       90. 90 

Helpers,  122  iiours  at  25  cts.  per  hour 30.  50 

Laborers  mizinff,  1,810  hours  at  25  cts.  per  hour 452.  50 

Waterman,  62  hours  at  30  cts.  per  hour 18.  (SO 

Steehnen,  40  hoiu*s  at  50  cts.  per  hour . .  -. 20. 00 

Team  on  cement,  62  hours  at  50  cts.  per  hour 31 .  00 

Mixer  feeder,  62  hours  at  Z7H  cts.  per  hour 17. 05 

General  foreman,  62  hours  at  50  cts.  per  hour 31. 00 

Assistant  foreman,  30  hours  at  30  cts.  per  hour 9. 00 

356  yds.  of  concrete  for  a  labor  cost  of.. $     709.  55 

or  less  than  S2.00  per  yd. 
Material  Used — 

Cement,  1,477  sacks  at  $2.70  per  bbl S     996. 97 

Gasoline  for  mixer,  61  gals,  at  25  cts.  per  gal 15.  25 

Gasoline  for  pump,  32  gals,  at  25  cts.  per  gal , .  8. 00 

Sand,  164  yds.  at  $3.05  per  yd 500.  20 

Gravel,  328  yds.  at  $3.05  per  yd 1 ,000.  40 

$2,520.82 
Concreting  Face  and  Parapet  Wall,  No.  3  Reservoir — 

Cari>enter8,  1,410  hours  at  45  cts.  per  hour $     624.  50 

Carpenters'  helpers,  958  hours  at  25  cts.  per  hour 239. 60 

Laborers  mixing.  5,362  hours  at  25  cts.  per  hour 1 ,340.  50 

Waterman,  212  hours  at  30  cts.  per  hour 63.  60 

Steelmen,  970  hours  at  50  cts.  per  hour 485. 00 

Steelmen  helpers,  112  hours  at  25  cts.  per  hour 28. 00 

Team  on  cement,  94  hours  at  55  cts.  per  hour 51.  70 

Feeder  for  mixer,  191  hours  at  27H  ots.  per  hour 52.  50 

General  foreman,  171  hours  at  50  cts.  per  hour 85.  50 

Assistant  foreman,  93  hours  at  35  cts.  per  hour 33. 25 

862  yds.  placed  for $3,004. 05 

or  $3.48  per  yd. 

Material  Use<t— 

Cement,  4,567  sacks  at  $2.70  per  bbl $3,082.  72 

Gasoline  for  mixer,  184  gals,  at  25  cts.  per  gal 46. 00 

Gasoline  for  pump,  110  gals,  at  25  cts.  per  gal 27.  50 

Gravel,  832  yds.  at  $3.06  per  yd 2,537.  60 

Sand,  416  yds.  at  $3.05  per  yd 1 ,268.  80 

Steel  (>^-in.  98,105  ft.,  H'in.  3,483  ft.),  71,167  lbs.  at 

3  cts.  per  lb 2, 135. 01 

Lumber,  6,000  ft.  at  $27.00  per  M 162. 00 

Cement  haul  extra 70. 00 

$9,329.63 
Moving  and  Placing  Mixer — 

Laborers,  90  hours  at  25  cts.  per  hours $     22.  50 

Teams,  6  hours  at  55  cts.  per  hour 3.  30 

Sarpenters,  12  hours  at  45  cts.  per  hour 5. 40 

eneral  fcn'eman,  4  hours  at  50  cts.  per  hour 2. 00 

Assistant  foreman,  2  hours  at  35  cts.  per  hour .70 

$33.90 

•I 

Tbe  total  cost  of  placing  1,218  cu.  yds.  of  concrete  was  $16,451.55,  or  $13.50 
per  cubic  yard.  To  mix  and  place  toe-widl  cost  $2  per  yard,  the  beams  cost 
$4.10,  the  slabs  S3  and  head-wall  $3.60  per  yard. 

As  the  work  on  No.  1  reservoir  progressed,  water  was  gradually  let  intoit^ 
and  four  days  after  the  completion  of  the  work,  when  the  reservoir  was  at  its 
fuU  capacity,  a  terrific  windstorm  arose  from  the  northeast  creating  waves 
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3  ft.  high  and  blowing  them  almost  directly  on  to  the  facings  of  the  dams;  this 
storm  lasted  five  hours  and  in  the  ensuing  two  weeks  three  similar  storms  came 
in  the  same  direction.  The  writer,  in  company  with  Mr.  Shelbume,  engineer 
for  the  Land  Company,  visited  the  dams.  We  found  them  in  excellent  shape. 
The  East  dyke  showed  no  signs  of  settlement  or  cracks  of  any  description  and 
very  little  seepage;  the  North  dyke  showed  a  slight  parting  along  the  line  of 
the  slabs  about  two-thirds  of  the  height  from  the  top,  and  the  parapet  wall 
had  three  small  cracks  straight  across,  about  H  in.  wide  at  top  and  disappear- 
ing toward  the  bottom  of  the  wall.  These  came  from  settlement  and  were  to 
be  expected.  In  all  probability,  several  more  will  develop  within  the  next  year, 
when  the  cracks  can  be  poured  full  of  grout  or  repaired  in  some  other  manner. 
Cost  of  Concrete  Standpipes  in  Mass. — William  S.  Johnson  in  the  Journal 
of  the  New  England  Water  Works  Association  June,  1914  gives  the  following 
data.    The  standpipes  were  constructed  "recently"  according  to  the  author. 

Cost  in- 
Size,  diam.  Capacity,      eluding       Cost  p^" 
Town  height,  ft.        gals.       foundations  1,000  giUs. 

Ashland 40X32  300,000  $6,812  $19.35 

East  Douglass 45X18  214,000  4,524  21.15 

Leicester,  Chester  Valley  and 

Rochdale) 40  X  21  197,000  4,976  25. 25 

Cost  of  Concrete  Water  Tower  at  Victoria,  B.  C. — ^A.  Kempkey  in  the  Proc. 
Am.  Soc.  C.  E.,  Vol.  XXXVI,  gives  in  detail  the  methods  and  costs  of  con- 
struction of  the  above  tower.  The  following  data  are  taken  from  an  abstract 
of  Mr.  Kempkey's  paper  published  in  Engineering  and  Contracting,  March 
9,  1910. 

The  tower,  as  built,  consists  of  a  hollow  cylinder  of  plain  concrete,  109  ft. 
high,  and  having  an  inside  diameter  of  22  ft.  The  walls  are  10  ins.  thick  for 
the  first  70  ft.  and  6  ins.  thick  for  the  remaining  39  ft.,  and  are  ornamented 
with  six  pilasters  (70  ft.  high,  3  ft.  wide,  and  7  ins.  thick),  a  4-ft.  belt,  then 
twelve  pilasters  (12  ft.  high,  18  ins.  wide,  and  7  ins.  thick),  a  cornice,  and  a 
parapet  wall.  A  steel  tank  of  the  ordinary  type  is  embedded  in  the  upper  40 
ft.  of  this  cylinder.  To  form  the  bottom  of  this  tank,  a  plain  concrete  dome 
is  thrown  across  the  cylinder  at  a  point  about  70  ft.  from  the  base,  the  thrust 
of  this  dome  being  taken  up  by  two  steel  rings,  H  in-  by  14  ins.  and  H  in. 
by  18  ins.,  bedded  into  the  walls  of  the  tower,  the  latter  ring  being  riveted  to 
the  lower  course  of  the  tank.  The  tank  is  covered  with  a  roof  of  reinforced 
concrete,  4  ins.  thick,  conical  in  shape,  and  reinforced  with  H-in.,  twisted  steel 
bars. 

The  tower  is  built  on  out-cropping,  solid  rock.  This  rock  was  roughly 
stepped,  and  a  concrete  sub-base  built.  This  sub-base  consists  of  a  hollow 
ring,  with  an  inside  diameter  of  20  ft.,  the  walls  being  5  ft.  thick.  It  is  about 
2  ft.  high  on  one  side  and  7  ft.  high  on  the  other,  and  forms  a  level  base  on  which 
the  tower  is  built.  The  forms  for  this  sub-base  consisted  of  vertical  lagging 
and  circumferential*  ribs.  The  lagging  is  of  double-dressed,  2  X  3-in. 
segments,  and  the  ribs  are  of  2  X  12-in.  segments,  Q.ft.  long,  lapping  past  one 
another  and  securely  spiked  together  to  form  complete  or  partial  circles. 
These  ribs  are  spaced  2  ft.  center  to  center. 

Similar  construction  was  used  for  form  the  taper  base  of  the  tower  proper, 
except,  of  course,  that  the  radii  of  the  segments  forming  the  successive  ribs 
decreased  with  the  height  of  the  rib.  Tapered  lagging  was  used,  beUig  made 
by  double  dresshig  2  X   6-in.  pieces  to  IH  X  6*^6  ins.  and  ripping  on  a 
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diagonal,  thua  mgJdos  two  stsVM.  3  Ina.  wide  at  one  end  and  2H  ina. 
the  other.  This  tapered  lagging  was  uaed  again  on  the  4-It.  belt  an 
fonuB.  the  taper  being  turned  alternately  up  nod  do 

The  intarloi  diameter  beiOE  uniform  up  to  the  botl 
ble  forma  were  used  from  tbe  beginning.     These  ft 
six  lar^  aectLODS,  0  ft.  high,  with  one  antall  key  sec 
racUltate  stripping,  aa  shown  In  Fig.  16.    There 
bolted  end  to  end  boiiiontally  and  (< 

Above  tbe  taper  base  and  except 
(onns  wen  used  on  the  autdde  also.    There  were  six  sections. 


of  tbe  dome,  ootlapsi- 
a  were  constructed  in 
1  with  wedge  piece  to 
three  tiers  of  these, 
other  vertically. 
■It.  belt  and  cornice,  collapaible 


Fio.  1 


-M  Tob 


TlW  concrete  used  wsa  aa  toUowa:  1:3:6  for  the  .'lub-hase  and  taper  bue; 
1:3:5  tor  the  barrel  of  the  tower  and  tank  casing ;  and  1 : 2 :  4  tor  the  dome  and 
iDor.  Tbe  dame  waa  pilt  In  at  one  time,  there  being  no  joint,  the  same  b^ng 
true  of  the  root. 

Id  order  to  Insure  a  perfectly  round  tank,  each  courae  was  erected  against 
woodm  tempiatee  accuratediy  centered  and  fastened  to  the  inside  scadoid. 
The  tank  ia  tbe  ordinal?  type  of  light  steel,  the  lower  course  being  ^i-ln.. 
tba  next.  No.  S  B.  W.  gage,  the  next.  No,  10  B,  W.  gage,  aod  the  lematning 
tour.  No.  12  B.  W.  gage. 

Work  on  the  foundatioD  was  started  on  Aug.  15,  1008,  and  tbe  tower  woa 
Bot  completed  until  April  1.  I90B.  Much  time  waa  lost  waiting  tor  the  dcdlv- 
er7  of  the  steel,  and  also  owing  to  a  period  <a  very  cold  weather  whkh  ouuBd 
•aUte  carnation  of  work  tor  about  one  month. 
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The  tower  as  completed  presents  a  striking  appearance.  In  order  to  obliter- 
ate rings  due  to  the  successive  application  of  the  forms  and  to  cover  the  ^flcH*- 
escence  so  conunon  to  concrete  structures,  the  outside  was  given  two  coats  of 
neat  cement  wash  applied  with  ordinary  kalsomiiiing  brushes,  and,  up  to  the 
present  time,  this  seems  to  have  been  very  effective  in  accomplishing  the  de- 
sired result.  Irregularities  due  to  forms  are  unnoticeable  at  a  distance  of  200 
or  300  ft.,  and  the  grouting  gave  a  very  uniform  color.  The  application  of 
two  coats  of  cement  wash  cost,  for  labor,  $97.68,  and  for  material,  $15.18,  or 
$1.32  per  100  sq.  ft.,  labor  being  at  the  rate  of  $2.25  per  8  hours  and  cement 
costing  $2.53  per  bbl.  delivered  on  the  work. 

Before  filling,  the  inside  of  the  tank  was  given  a  plaster  coat,  consisting:  of  1 
part  cement  to  1^  parts  of  fine  sand.  This  proved  to  be  insuflScient  to  pre- 
vent leakage,  the  water  seeping  through  the  dome  and  appearing  on  the  outside 
of  the  structure  along  the  line  of  the  bottom  of  the  rings.  Three  more  coats 
were  then  applied  over  the  entire  tank,  and  two  additional  ones  over  the  dome 
and  about  8  ft.  up  on  the  sides. 

The  following  tables  give  the  cost  of  the  structure.  The  total  herein  griven 
will  not  coincide  with  the  total  cost  as  shown  by  the  city's  books,  for  the  reason 
that  various  items  not  properly  chargeable  to  the  structure  itself  have  been 
omitted,  the  principal  ones  of  which  are  the  cost  of  the  site,  the  laying  of 
about  600  ft.  of  sewer  pipe  to  connect  with  the  overflow,  and  considerable  ex- 
pense incident  to  the  construction  of  a  wagon  road  to  the  tower. 

The  rates  of  wages  paid,  all  being  on  a  basis  of  an  8-hour  day,  were  as  f oUo^irs : 

Common  labor $  2.  25  and  $  2.  50 

Carpenter 4. 00 

Carpenter's  helper 2.  75 

Boilermaker 3.  50 

Holders  on 2.  50 

Boilermaker  foreman 5. 00 

Plasterers 6. 00 

Plasterers'  helpers 3. 00 

The  cost  of  material  was  as  follows: 

Cement,  per  l:>arrel $  2w  53 

Sand,  per  yard 1. 47 

Rook,  per  yard 0.  80 

Lumber,  per  1,000  ft.  B.M $14. 00  and  16.  00 

All  these  prices  are  for  material  delivered  on  the  work. 

An  examination  of  the  cost  data,  as  given,  will  show  that  for  the  most  part 
the  unit  costs  are  very  high.  This  is  due  chiefly  to  the  continued  interruption 
of  the  work,  during  its  later  stages,  owing  to  bad  weather,  particularly  in  tbe 
case  of  the  erection  of  the  steel  tank.  The  material  cost  in  this  case  was  also 
exceedingly  high.  In  the  case  of  the  concreting,  inability  to  purchase  a 
hoist  and  motor  and  the  high  cost  of  renting  the  same,  together  with  the  delays 
mentioned,  added  greatly  to  the  unit  cost.  When  it  is  considered  that  tbe 
cost  of  plastering  covers  that  of  four  coats  over  the  entire  inside  of  the  tsmk; 
and  three  more  over  about  one-third  of  it,  it  does  not  appear  so  high,  especially 
in  view  of  the  high  rate  of  wages  paid.  The  cost  per  yard  for  concrete  alone 
was  $25,126,  and  this  is  probably  about  25  per  cent  in  excess  of  the  cost 
of  the  same  class  of  work  executed  undei  more  favorable  conditions  as  to 
location,  weather  conditions,  etc. 

The  following  costs  have  been  rearranged  and  further  analyzed  by  tbe 
editors  of  Enqinbbbing-Contbaotinq  from  the  tables  given  by  the  autbor: 
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Preliminary  work:  Total        Per  ou.  yd. 

Labor,  carpenter  at  50  cts.  per  hour $       11. 00 

Labor,  common,  at  34.4  cts.  per  hour 64.  94 

Lab<M>,  common  at  28.1  cts.  per  hour 249.  67 

Total  labor • $     325.  61  $  0.  790 

Materials 133.62  0.324 

Total  labor  and  materials $    459. 23  $  1 .  114 

Forms:  Building,  Shifting,  Stripping: 

Labor,  carpenter,  at  50  cts.  per  hour SI, 832. 99 

Labor,  common,  at  34.4  cts.  per  hour 80. 85 

Labor,  common,  at  28.1  cts.  per  hour 563. 84 

Total  labor $2,477. 68  S  6. 014 

Materials: 

Lumber $     583. 49 

Hardware 325.  51 

Miscellaneous 13. 90 

Total  material $     922. 90  $  2. 240 

Grand  total $3,400.58  $8,254 

Scaffold:  Erecting  and  Tearing  Down: 

Labor,  carpenter,  at  50  cts,  per  hour. $     693. 00 

Labor,  common,  at  34.4  cts.  per  hour 350.  50 

Labor,  common,  at  28.1  cts.  per  hour 117. 27 

Total  labor $1,160.86  $2,818 

Materials: 

Lumber $     487.  77 

Hardware 202.  79 

Total  materiab $     690.56  $1,676 

Grand  total $1,851.42  $4,494 

Concreting: 

Labor  at  50  cts.  per  hour $     142. 00 

Labor  at  34.4  cts.  per  hour 11. 00 

Labor  at  28.1  cts.  per  hour 947. 81 

Totallabor $1,100.81  $2,672 

Material: 

Rock $     317. 30 

Sand 336. 72 

Cement 1,691.97 

Total  material $2,244. 99  $  5. 449 

Hoisting: 

Rental  motor  and  hoist $  .  406. 56 

Power 83.  53 

Total  power $     490. 09  $  1. 189 

Grand^total $3,737. 89  $  9.  316 

Grand  total  concrete $9,449.12  $23,178 

These  figures  do  not  include  apparently  any  charge  for  superintendence 
which  with  perhaps  some  other  items  may  account  for  the  difference  between 
the  final  total  and  the  cost  of  $25,126  for  concrete  given  by  the  author  of  the 
p^»er. 

The  cost  of  plastering  3,000  sq.  ft.  was  as  follows: 

Labor:  Total  Per  sq.  ft. 

Plasterers,  at  76  cts.  per  hour $     116.  50 

ImbcT  at  46^  ots.  per  hour 15. 00 

Lahar  at  37H  cts.  per  hour 198. 52 

Labor  at  28.1  cts.  per  hour . ; 105. 66 

Total  labor $    435. 68  $0. 1452 
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Materials: 

Sand $        8. 64 

Cement 66. 10 

Alum  and  potash 16.  00 

Total  material $      90. 74  $0. 0302 

Grand  total $     526.42  $0.1754 

The  cost  of  washing  8,560  sq.  ft.  with  cement  wash  was  as  follows: 
Labor:  Total      Per  sq.  ft. 

Common  at  43^  cts.  per  hour $       50. 00 

Common,  at  28.1  cts.  per  hour 47.  68 

Total  labor $       97.68  $0.0114 

Material: 
Cement $       15. 18  $0. 0018 

Grand  total $     112.86  $0.0132 

The  itemized  cost  of  the  steel  tank,  20,000  lbs.,  was  as  follows: 
Labor:  Total         Per  lb. 

Carpenter  at  50  cts.  per  hour $  124.  24 

Helper  at  34.4  cts.  per  hour 2. 75 

Boilermakers 382. 57 

Holders  on 147. 33 

Labor 40.  61 

Foreman  at  62.5  cts.  per  hour 186.  25 

Total  labor $     883.  75  $0. 0441 

Materials: 
Tank,  rivets,  etc $1 ,  740.  69  $0. 0875 

Grand  total $2,624. 44  $0. 1316 

The  various  miscellaneous  items  of  cost  were  as  follows: 

Windows,  Doors,  Etc.:  Total 

Labor $        49. 00 

Material 47. 26 

Total $        96.  26 

Equipment,  40%  of  $461.46 $       184.  68 

Ironwork:  (Spiral  stairway,  inlet  and  overflow  pipes,  radiator, 
reinforcing  steel,  etc.)-.. 

Labor: 

Machinists  at  50  cts.  per  hour $         89.  50 

Helper,  at  34.4  cts.  per  hour 240. 16 

Labor,  at  28.1  cts.  per  hour 100.  79 

Total  labor $      430. 45 

Material $  1,814.  71 

Grand  total $  2,245.  16 

Grand  total  (tower,  and  tank  complete) $16,578.  29 

Constnsction  of  Reinforced  Concrete  Water  Tower  Using  Steel  Forms 
and  Movable  Staging. — In  constructing  the  650,000  gal.  reinforced  concrete 
standpipe  at  Westerly,  R.  I.,  the  contractor  used  sectional  steel  forms  and 
special  reinforcement  as  described  in  Engineering-Contracting,  Oct.  5,  l9lo. 

The  standpipe  is  40  ft.  inside  diam.  with  14-in.  walls  and  is  70  ft.  hi^h. 
The  wall  reinforcing  consists  of  12  vertical  l^i  pipe  colimms  made  in  3-ft. 
sections,  connected  by  ordinary  pipe  couplings,  spaced  equidistant  and 
extending  from  the  bottom  of  the  floor  slab  to  the  cornice.  These  pli>e 
columns  have  drilled  in  them  H-in.  holes  spaced  the  proper  distance  apart 
for  attaching  the  horizontal  reinforcing  rods.    These  rods  consist  of  fifty 
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l^^in.  bars  in  the  first  10  ft.  from  the  base,  thirty  l^i-in.  bars  in  the  second 
10  ft.,  then  twenty-five  1^^-in.,  thirty-four  IH-in.,  twenty-five  IH-hi.,  fifteen 
IH-in.  and  ten  IH-in.  in  each  succeeding  10  ft. 

The  horizontal  reinforcing  bars  are  bent  around  the  outside  of  the  pipe 
cdlumns  and  attached  to  them  by  H-in.  round  clamps.  In  the  first  5  ft. 
8  ins.  from  the  bottom,  the  bars  are  doubled,  being  clamped  to  the  inside  and 
outside  of  the  pipe  column. 

The  steel  forms  are  made  up  of  3  X  3  X  H-in.  angles  and  H-in.  boiler 
plate.     The  Inside  form  is  6  ft.  high  and  has  a  key  section  in  which  the  plates 


Fig.  17. — ^Plan  showing  erection  staging. 


lap  about  6  Ins..  and  on  either  side  of  the  joint  angles  are  securely  riveted  to 
the  plates  and  connected  by  short  tumbuckles,  so  that  the  whole  form  can  be 
q>nuig  in  and  reduced  in  diamet^  so  as  to  make  it  possible  to  raise  it  when 
necessary.  The  outside  forms  are  made  in  seven  segments  to  the  circle  in 
sections  3  ft.  high.  Two  complete  sections  are  all  that  are  used,  as  when  one 
3^.  section  has  been  erected  and  the  concrete  placed,  the  next  section  is 
placed  on  top  of  this,  and  by  the  time  the  concrete  is  placed  in  this  section 
the  lower  form  can  be  removed  and  placed  on  top.  On  the  outside  forms 
20 
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all  tlie  rivets  are  coimtersuiik.  and  the  face  of  the  angles  making  joints  are 
machined  so  as  to  secure  a  i)erfectly  smooth  fit,  thereby  securing  a  practically 
smooth  finished  surface. 

The  movable  st6el  staging  is  located  on  the  inside  of  the  tower,  Fig.  17. 
It  consists  of  four  5-in.  channels  in  the  form  of  a  cross  joined  at  the  center 
with  a  standard  connection.  Around  these  channels  are  bent  two  channels 
in  concentric  circles  of  14  and  19  ft.  radius  braced  with  2  X  2  X  l^>in. 
angles.  The  floor  of  this  staging  is  covered  with  plank,  giving  a  platform  6  ft. 
wide  aroimd  the  inside  of  the  standpipe.  This  platform  was  raised  as  the 
work  progressed  and  held  in  place  by  4  X  4-in.  guide  posts  spaced  45°  apart. 

On  the  Outside  of  the  standpipe  is  an  elevator  tower  for  hoisting  the  con- 
crete, which  is  mixed  on  the  ground.  Automatic  dump  buckets  were  used 
for  hoisting  the  concrete,  the  same  being  dumped  into  a  receiver  supported 
by  the  elevator  tower  and  extending  over  the  staging  so  that  wheelbarrows 
could  be  wheeled  directly  imder  it  and  loaded  by  gravity,  and  then  wheeled  to 
the  i)oint  where  it  was  to  be  placed.  The  forms  and  movable  staging,  were 
designed  by  the  Aberthaw  Construction  Co.  and  built  by  the  Russell  Boiler 
Works,  of  South  Boston,  Mass. 

The  construction  plant  and  the  labor  were  so  planned  that  each  day's  work 
consisted  of  moving  the  staging  up  3  ft.,  placing  the  steel  forms  and  the 
reinforcing,  and  concreting  one  3  ft.  section.  To  accomplish  this,  it  was  found 
that  the  following  distribution  of  labor  on  the  job  was  about  a  fair  average  for 
the  entire  work. 

For  each  day's  work  the  amount  of  labor  was: 

Hours 

For  handling  and  placing  reinforcing  wall 25 

Forms 69 

Raising  staging  and  elevating  tower 48 

Receiving  and  checking  stock 20 

Mixing  concrete 19 

Placing  concrete 13 

Foreman  and  time  keeper 18 

Working  a  9-hour  day  this  meant  the  employment  of  24  men,  the  majority 
of  whom  were  common  laborers.  It  was  found  that  after  the  forms  and  steel 
were  in  place  it  took  between  3  and  4  hours  to  concrete  one  3-ft,  section. 

Further  cost  data  relative  to  the  Westerly  standpipe  are  given  in  an  abstract, 
published  in  Engineering  and  Contracting,  Oct.  11,  1911,  of  a  paper  by 
W.  W.  Clifford  in  the  Proc.  Am.  Soc.  C.  E.,  Vol.  XXXVII,  as  follows: 

The  force  engaged  was  composed  of  about  25  men:  1  superintendent,  1 
engineer,  8  carpenters,  14  laborers  and  1  engineman.  The  carpenters  made 
the  wooden  and  steel  forms,  and  did  most  of  the  work  on  the  reinforcing.  The 
laborers  did  the  concrete  work,  screened  the  stone,  unloaded  materials,  and 
acted  generally  as  helpers. 

The  lower  section  of  the  wall  and  the  floor  were  put  in  on  June  15  in  20  hours 
of  continuous  work.  Each  of  the  first  few  sections  above  the  floor  took  2  or 
3  days.  When  well  started,  however,  a  3-ft.  section  was  poured  in  a  day. 
This  meant  placing  the  steel  and  moving  up  the  forms,  in  which  all  the  men 
were  used,  the  laborers  as  hdpers,  cleaning  and  greasing  the  forms,  etc.,  then 
the  stage  was  raised,  usually  about  noon,  and  the  concrete  was  jmured  in  the 
afternoon.  It  was  allowed  to  set  for  a  few  hours  while  the  men  were  clearing 
up  and  getting  ready  for  the  next  day's  work,  then  in  the  early  evening  the 
concrete  foreman  and  three  or  four  laborers  cleaned  the  top  surface.  The  con- 
crete was  finished  and  ready  for  the  dome  10  weeks  after  the  floor  was  put  In. 
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The  cost  of  the  work  is  given  in  Table  XVII.  In  considering  these  costs 
note  should  be  taken  of  the  fact  that  certain  parts  of  the  work  were  done  under 
pressure;  namely,  those  parts  for  which  the  whole  work  waited.  Other  parts 
were  done  in  a  more  leisurely  manner,  owing  to  the  fact  that  men  cannot  work 
continuously  at  their  maximum  speed.  For  example:  In  the  morning  the 
first  thing  done  was  to  place  the  steel,  secondly,  to  raise  the  forms,  and  thirdly, 
to  raise  the  stage.    All  these  had  to  be  done  before  concreting  could  begin. 
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Fia.  18. — Elevation  and  section  of  reinforced  concrete  stand-pipe^  Westerly,  R.  I. 


This  work  was  done  by  the  carpenters  working  at  maximum  speed,  some  of  the 
laborers  acting  as  helpers.  During  this  time  the  other  laborers  were  screen- 
ing stone,  washing  down  the  walls,  etc.,  under  no  great  pressure.  Later  in 
the  afternoon  the  laborers  were  working  at  top  speed  on  the  concrete,  while 
the  carpoiters  were  placing  the  necessary  bracing  on  the  staging,  and  getting 
ready  for  the  next  day's  work,  all  at  a  less  forced  speed.  Consequently,  the 
labor  costs  for  reinforcement,  forms  and  concrete  show  up  much  better  than 
those  for  staging,  screening  stone,  finishing  the  wall,  etc. 
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The  materials  were  delivered  by  a  granite  company,  on  a  side  track  about 

100  ft.  from  the  site  of  the  work,  for  35  cts.  a  ton.  the  additional  costs  being 

for  the  labor  of  unloading  and  carrying  the  materials  to  the  site  of  the  work. 

The  steel  was  carried  by  hand,  and  the  cement  in  wheelbarrows.    The  stone 

and  sand  were  delivered  in  piles  beside  the  mixer  by  carts.    The  following 

prices  were  paid  for  labor: 

Cents  per  hour 

Foreman  carpenter 48 

Foreman  carpenter 43^i  and  45 

Carpenter's  helper 35 

Englneman 35 

Labor  foreman 60 

Laborers 22}i  and  26 

The  following  prices  were  paid  for  materials: 

Cement  per  bbl.  (less  SO  cts.  for  bags  returned) $  1. 52 

Sand,  per  yd.,  delivered  at  site 1. 15 

Stone,  per  yd.,  delivered  at  site 1. 07 

Limoid,  per  bag  (100  lbs.) 1. 00 

Plaster  of  paris,  per  bbl 2.  (X) 

Steel,  per  ton,  plus  the  freight 38.  (X) 

In  Table  XYII  the  cost  of  the  stage  is  divided  between  concrete,  forms,  and 
steel,  in  the  proportions  of  M>  H  and  H.  In  the  labor  costs  for  the  wall 
steel,  about  one-third  is  charged  to  bending  and  two-thirds  to  placing.  In 
the  secondary  reinforcement,  the  cost  of  bending  was  a  negligible  quantity. 

Cost  of  300,000-Gal.  Reinforced  Concrete  Standpipe,  —  The  following 
data  are  taken  from  an  article  by  L.  R.  Hanson  published  in  Engineering  and 
Contracting,  Dec.  13,  1011. 

The  standpipe  was  built  for  the  city  of  Norway  on  the  upper  Peninsula  of 
Michigan  near  the  Wisconsin  state  line.  The  walls  are  12  ins.  in  thickness. 
43  ft.  high,  and  have  an  internal  diameter  of  35  ft.  The  forms  were  built  in 
sections  5  ft.  in  length  by  3  ft.  in  height,  and  two  complete  inside  and  outside 
rings  were  used.  The  concrete  was  a  1 : 1 : 2  mixture.  The  stone,  specified  as 
between  H  and  H  in.  size,  was  shipped  from  a  point  300  miles  distant  and  this 
item  materially  raised  the  concrete  cost.  Sand  was  obtained  near  the  stand- 
pipe  site.  The  cement  was  mixed  with  10  per  cent  by  volume  of  hydrated 
lime  for  waterproofing.    Bending  and  placing  the  steel  cost  $5  per  ton. 

SiTHMART  OF  CosT  Data  por  300,0(X)  Gai..  Rtcinforckd  Concrete  Tank 
(Prices  do  not  include  overhead  charges  or  profit) 

Walls — 1  : 1  : 2  mixture,  235  cu.  yds. 

Forms:  Total  Cost  per 

cost  cu.  yd. 

Material $    422. 00  $  1.  80 

Labor 404.00         1.72 

Total $    826. 00     $  3. 52 

Steel: 

Material $    906. 00     $  3. 86 

Labor 118.00  .50 

Total $1,024.00     $  4.36 

Concrete  * 

Material $1 ,377. 00     $  5. 85 

Labor 627. 00         2. 67 

Total $2,004. 00     $  8.  52 
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Material $      77. 00     $  0.  33 

Labor 265. 00        1.12 

Total $     342.00     $1.45 

Doors,  ladder,  drains,  etc $     237. 00     $  1. 00 

Removing  debris,  etc 80. 00  >.  34 

Total  for  floor  and  circular  wall $4,513. 00    $19. 22 

Roof — 1  :  2  : 4  mixture — 20  cu.  yds.: 

Forms $  54.00  $2.70 

Material 140.00  7.00 

Labor 38. 00  1.90 

Total $     232. 00     $11. 60 

Total  cost  reservoir $4 ,  745. 00 

Wages: 

Common  labor,  per  hr $0.  25 

Foreman,  per  day , 8. 00 

Sand,  cu.  yds.,  delivered 1 .  00 

Stone,  cu.  yd.,  delivered 2. 65 

Cement,  bbl 1 .  75 

Steel,  lb.,  delivered  at  tank 0. 02 


After  the  entire  tank  was  complete  it  was  given  three  coats  of  plaster  inside, 
mixed  in  the  proportions  of  1  part  cement,  IH  parts  sand,  H  part  hydrated 
lime  and  hydratite.  The  first  coat  of  M  in.  thickness  was  applied  rough,  and 
while  still  wet  was  covered  with  a  second  coat  about  H  in.  thick  which  was 
brought  to  a  wood  floated  surface;  this  was  next  gone  over  with  a  brush  coat 
and  brought  to  a  very  smooth  troweled  finish.  The  plaster  was  applied  in 
drcumferential  strips  6  ft.  in  height,  and  the  cost  of  the  three  coats  per  sq.  ft. 
of  surface  was  7yi  cts. 

Upon  the  completion  of  the  entire  tank,  it  was  filled  and  allowed  to  stand  48 
hrs.  and  no  change  in  the  water  level  could  be  detected.  For  the  first  week, 
however,  some  sweating  was  noticeable,  but  in  only  one  place  was  it  of  enough 
consequence  to  gather  and  flow,  and  this  evaporated  before  it  was  3  ft.  below 
where  it  first  appeared.  No  attempt  was  made  to  remedy  the  sweating  other 
than  emptying  the  tank  and  refilling  in  two  days,  but  within  ten  days  all  dis- 
coloration disappeared  and  no  sweating  has  since  been  apparent.  The  tank 
received  a  severe  winter's  test  during  the  past  winter  when  ice  over  2  ft.  in 
thickness  covered  the  top  and  extended  around  the  side  walls  of  the  tank  as 
well. 

The  more  successful  waterpropf  construction  effected  in  this  tank  using  a 
1:1:2  mixture  than  in  others  built  under  the  same  supervision  and  care  but  of 
1:2:4  mixture,  seems  to  justify  the  additional  expense  for  cement.  The  plaster 
is  fdso  an  ^ective  "waterproofing  aid "  although  how  large  a  part  of  the  good 
results  here  obtained,  are  due  to  the  plaster  and  the  1:1:2  mixture  respectively 
is  a  matter  of  personal  opinion.  Results  secured  by  plastering  other  large 
tanks  of  1:2:4  mixture  would  seem  to  indicate  that  the  mixture  was  more 
important  than  the  plaster  face. 

Cost  of  Steel  Stasdpipes  in  Mass. — Table  XVIII  is  taken  from  a  paper  by 
William  S.  Johnson,  published  in  the  Journal  of  the  New  England  Water 
Works  Association,  June,  1914,  and  r^mnted  in  Engineering  and  Contracting, 
Sept.  30,  1914.  According  to  the  author  the  standpii)es  were  constructed 
"  reoently." 
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Table  XVIII. — Cost  of  Steel  Standpipbb  in  Mass. 


Town 


Sise, 

diam. 

height, 

ft. 


Cost  of 
Capac-    founda- 
ity,  gals,     tion 


Cost 
including  Cost  per 
founda-      1,000 
tions       gals. 


Bedford 20  X  100 

East  Brookfield 25  X  50 

Littleton 35  X  40 

Marion 20  X  100 

North  Chelmsford 22  X  125 

Oxford 27  X  50 

Pepperell 45  X  40 

Plainville 25  X  67 

So.  Hadley  (Fire  Dist.  No.  2) ...  35  X  60 

Wareham 20  X  100 

West  Groton 30  X  40 

Wrentham 30X50 

Wrentham  State  School 22  X  50 

•Without  foundation. 


235.000 
184,000 
288,000 
235,000 
355,000 
214.000 
476,000 
246,000 
432.000 
235,000 
212.000 
264.000 
142,000 


$1,030 
300 
700 


400 
830 
710 


613 
800 
368 


$6,640 
3,550 
4,638 
5,883* 
9,772 
5,060 
6,707 
4,979 
6,165* 
6,835* 
4,021 
6,000 
2,596 


$28. 25 
19.30 
16.10 
25.00" 
27.50 
23.60 
14.10 
20.25 
14.30' 
29.10' 
18.  95 
22.70 
18.25 


Cost  and  Weight  of  Steel  Water  Tank  of  SSO,000  Gal.  Capacity. — Fig.  19 
from  Engineering  and  Contracting,  Oct.  31,  1917,  gives  a  r^umd  of  the  bids 


Bidder 


Chicago 

Bncfae  and 
Iron  Works 


Chicago 
Br i age  and 
Iron  Works 


Pittsburg- 
Des-Moines 
Steel  Co. 


Pittsburg 

Des-Moines 

Steel  Co. 


Arthur  Tufts 
ContrYgEngr 
Atlanta  Oa 


Principal 
Dimensions 


Tank 


Weioht  IN  Lbs. 


Tank  IZ5,000 
Tower  136,000 
Risenefc  12,000 

Total     275,000 


Tank  125,000 
Tower  123.000 
Riser,etc  12,000 

Total     26Q000 


Roof  10,300 
Tank  103,500 
Tower  121,000 
Rlsenetc  14.600 
Total     2tg400 


Roof  11,200 
Tank  105.000 
Tower  125,000 
R/ser,etc  14,300 
Total     256,000 


Price 


30,500 


29.200 


30,950 


31.150 


Price 
PerLb. 


Cw-Fdn. 
CuYds. 


0.111 


0.112 


0.124 


0.122 


Approximate  Quantity 


of  Concrete  Cu.  Yds. 
Tank        305 
Tower     420  ^ 
Total        725   *30,000 


Capacity  550,000  6a  I  Ions 


Tower 


Price 


*4140 


146 


i3o 


195 


195 


Price 

PerCu 

Yard 

175 


Remarks 


Elliptical  bott. 
4ffRiserPipe 
9" Post  Tower 


Elliptical  bott. 
43^  Riser  Pipe 
6' Post  Tower 


Segrrital  bott. 

60  Riser  Pipe 

d'Post  Tower 

'  Design  A^ 


Hemisp'rl  bott 

60'RiserPipe 

d'Post  Tower 

'Design  5' 


Rein  f  Conor 
48"  Concrete 
Riser  Pipe 


75  ft  High  to  Bottom  of  Tank 


Fig.  19. — Bids  received  by  Akron,  O.,  for  elevated  steel  water  tank. 

received  by  the  city  of  Akion,  Ohio,  Sept.  27, 1917  for  constructing,  fumishiii^ 
and  erecting  an  elevated  steel  water  tank  of  a  capacity  of  350,000  gal.,  the 
tower  to  be  75  ft.  high  to  bottom  of  tank. 

Cost  of  Steel  Standpipe  at  Youngstown,  Ohio. — N.  E.  Hawkins  in  Engineer- 
ing  and  Contracting,  March  17,  1915,  gives  the  contract  price  of  a  steel  stand- 
pipe  constructed  in  Youngstown,  Ohio  as  follows: 
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2.100  cu.  yds.  iwrtb  eiuvation.  at  40  ota . . .  . 
1,700  cu.  vda.  gnculBled  sUs  Gil,  Bt  90  nt*. . 
830  cu.  yds.  concrete,  at  »B.9> 


Standpipe  proper 


Total «M, 362.7: 
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>t  Youncstown.  Ohio, 


Fio.  21. — Partial  ci 


\oCloa 


The  tutk  Is  100  It.  In  diameter  and  liO  ft.  blgh  and  provides  a  atflrasa  of 
about  3,865.000  gals.  makliiK  the  coat  per  million  gals,  about  116,500.00.  Flgn. 
20  and  21  show  ihe  principal  features  ot  the  desL^. 

Coat  of  ^100,000  GiL  StssI  Standpipe  at  W»t  Roibary,  Uass.— Eogineer- 
Ing  and  Contracting.  Aug.  11,  1015  gives  the  contract  prices  to  the  Metro- 
politan Water  and  Sewerage  Board  of  Moas.  ol  the  etandplpe  a»  foUows: 
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Cost  of  Standpipb,  Ebjsctbd  in  1914 

Excavation  and  concrete  base  117.5  ft.  diam.,  2  ft.  8  ins. 
thick  for  width  of  7  ft.  at  circumference,  3  ft.  thick  under 
6  columns  which  support  the  roof,  12  ins.  thick  under  remain- 
der of  tank $  6,382.28 

Steel  reservoir,  100  ft.  in  diameter,  bottom  ^  ins.  thick, 
sides  44.25  ft.  high  from  3^  to  ?^  ins.  thick 19,397.00 

Grouting  under  tank  bottom  1  : 1  mixture  requiring  222 
bbls.  of  cement  and  33  cu.  yds.  of  sand 1 ,053. 67 

Total $26,832. 95 

Cost  per  million  gal $10, 733. 00 

Costs  of  80,000  Gal.  Wooden  Gravity  Sprinkler  Tank  and  7S-ft.  Steel 
Tower. — Engineering  and  Contracting,  July  3,  1912,  gives  the  following 
costs  for  erecting  an  underwriter's  specification  tank  18  ft.  in  diam.  and  18  ft. 
high  and  the  steel  tower  75  ft.  high  upon  which  the  tank  stands. 

The  staves  were  cut  and  fitted  at  the  mill,  so  there  was  no  cutting  or  trim- 
ming at  the  job  with  the  exception  of  the  last  stave.  The  top  of  the  tank  had  a 
conical  roof  sheathed  with  boards  which  were  covered  with  rubbered  roofing. 

The  steel  tower  consisted  of  four  columns  made  up  of  five  15-ft.  sections, 
bringing  the  total  height  up  to  75  ft.  above  the  foundation.  All  joints  were 
riveted  except hig  the  sway  braces,  which  were  made  up  of  ^-in.  roimd 
iron  and  tumbuckles. 

The  tower  was  erected  with  a  16-ft.  mast  and  a  three-sheave  rope  block. 
Hoisting  was  done  with  man  power.  As  each  bent  was  completed  the  mast 
was  set  up  on  top  of  the  bent  for  erecting  the  next  one. 

The  hoisting  and  riveting  was  done  with  conmion  labor.  Two  men  in  the 
gang  were  exi>erienced  in  this  work.  The  others  of  the  gang  were  picked  up 
locally. 

The  foundations  were  four  in  number  and  were  7  ft.  square  at  the. base  and 
30  ins.  square  at  top  and  were  7  ft.  deep  from  top  to  bottom.  The  itemized 
costs  were  as  follows: 

Excavation —  r 

221H  hrs.  at  25  cts $  66. 37 

Forms: 

29H  hrs.  at  31  cts $    9. 16 

33  hrs.  at  25  cts 8.  26 

Total  forms $  17. 40 

Laying  concrete,  hand  mixing: 

19H  hrs.  at  31  cts $     6. 06 

91  hrs.  at  25  cts 22.  76 

Total  concrete $  28. 80 

Grouting  bearing  plates  and  finishing  tops  of  foundations: 

13H  hrs.  at  31  cts $     4.03 

2H  hrs.  at  25  cts 0.  68 

Total  $    4.71 

Grand  total  labor  on  foundations $106. 28 

Teaming  tower  and  tank,  1  mile: 

Team,  19  hrs.  at  60  cts $  10. 80 

Laborers.  37  hrs.  at  30  cts 11. 10 

$  21.00 
Erecting  tower  and  tank  and  painting  two  coats: 

643  hrs.  at  30  cts $182. 00 

$204.80 
Grand  totaL $311. 08 
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Superintendence  is  not  included  in  the  above  figures.  The  superintendent 
spent  198  hours  on  the  job. 

Life  of  Wooden  Water  Tanks  in  Railway  Service. — The  following  data 
published  in  Engineering  and  Contracting,  Nov.  13,  191S,  are  given  by 
C.  R.  Knowles,  Superintendent  Water  Service,  Illinois  Central  R.  R.,  in  a 
paper  presented  at  annual  convention  of  the  American  Railway  Bridge  and 
Building  Association.  In  collecting  the  information  letters  of  inquiry  were 
sent  to  45  railroads  and  27  answers  were  received. 

While  much  valuable  information  was  obtained  from  the  replies,  the  figures 
agd  estimates  given  as  to  the  life  of  tanks  were  almost  as  many  as  the  replies 
received. 

The  variation  in  the  figures  submitted  on  the  life  of  timber  on  various 
railroads  goes  to  show  that  no  accurate  estimate  may  be  made  on  the  life  of 
tank  timber  that  will  apply  to  all  sections  of  the  country.  It  is  characteristic 
of  timber  that  it  is  more  durable  when  used  in  the  region  In  which  it  is  grown 
than  when  used  elsewhere,  for  nature  seems  to  have  fortified  the  timber  against 
decay  to  a  certain  extent  when  it  is  kept  in  its  native  climate. 

One  railroad  reported  77  redwood  tanks  in  service  in  California  ranging 
from  26  to  48  years  old,  while  another  road  reported  redwood  tanks  renewed 
in  Wisconsin  after  only  15  years  of  service.  Twelve  white  pine  are  reported 
in  service  in  Michigan,  with  an  average  life  of  35.4  years,  while  it  has  been 
necessary  to  replace  white  pine  tanks  in  Missouri  after  12  to  13  years. 
A  Texas  road  reports  cypress  tanks  in  service  as  follows : 

5  tanks  31  years  old, 
8  tanks  30  years  old, 
3  tanks  29  years  old, 

while  several  eastern  roads  fix  the  maximum  life  of  cypress  at  25  years. 
Table  XIX  shows  the  life  of  310  tanks,  184  of  which  are  still  in  service, 
and  126  of  which  have  been  relieved.    In  preparing  this  tabulation  only  fig- 
ures were  used  where  the  definite  life  of  the  tank  was  given. 

Table  XIX 
AvERAOB  Life  of  184  Tanks  in  Sebvice 

REDWOOD 
Raiboad  "A"  77  tanks  Average  life  32. 6  years 

CYPRESS 

Railroad  "B"  29  tanks  Average  life  28. 3  years 
Railroad  "C"  25  tanks  Average  life  25  years 
Railroad  "D"    3  tanks  Average  life  32      years 

WHITE  PINE 

Railroad  "A"  24  tanks  Average  life  29. 7  years 
Railroad  "E"  12  tanks  Average  life  35. 4  years 
Railroad  "F"    4  tanks  Average  life  29      years 

Seven  Railroads  184  tanks  Average  life  30  years 

Average  Life  of  126  Tanks  Relieved 

CYPRESS 

Railroad  "B  "  24  tanks  Average  life  27.  3  years 
Railroad  *'G  "  16  tanks  Average  life  30  years 
Railroad  *'D "    3  tanks  Average  life  32      years 

43  29      years 


316  HANDBOOK  OF  CONSTRUCTION  COST 

WHITE  PINE 

Rfulroad  "H"  27  tanks  Average  life  27. 6  years 
Railroad  "B"  22  tanks  Average  life  25. 8  years 
Railroad  "I"  14  tanks  Average  life  23  years 
Railroad  "F"  4  tanks  Average  life  29  years 
Railroad  "D"  3  tanks  Average  life  33  years 
Railroad  "E"  3  tanks  Average  life  38. 3  years 
Railroad  "C"    5  tanks  Average  life  27      years 

78  Average  life  27      years 

YELLOW  POPLAR 
Railroad  "C"    3  tanks  Average  life  30      years 

RED  CEDAR 
Railroad  "C"      1  tank  Average  life  28      years 

YELLOW  PINE 
Railroad  "C"    1  tank    Average  life  29      years 

Eight  Railroads  126  tanks  Average  life  28  years 

It  will  be  noted  that  the  white  pine  tanks  show  a  higher  average  life  than 
the  cypress  tanks  in  the  table  of  tanks  still  in  service  while  the  opposite  is 
true  in  the  table  of  tanks  relieved.  This  may  be  explained  by  the  fact  that 
cypress  tanks  were  not  used  as  extensively  as  white  pine  tanks  up  to  20  years 
or  so  ago,  and  on  the  roads  shown  there  are  probably  many  white  pine  tanks 
which  were  in  use  before  cypress  tanks  were  const nicted,  although  there 
is  apparently  very  little  difference  in  the  durability  of  the  two  woods. 

It  is  interesting  to  note  that  a  yellow  pine  tank  is  shown  with  a  life  of  29 
years  while  the  life  of  a  yellow  pine  tank  as  constructed  today  would  prob- 
ably not  exceed  12  years.  This  difference  in  life  can  probably  be  explained 
in  the  fact  that  the  trees  from  which  the  tank  mentioned  was  cut  had  not 
been  bled  of  the  rosin  and  preservative  oils  natural  to  the  wood.  It  should 
be  explained  that  the  life  of  28  years  given  the  red  cedar  tank  did  not  represent 
the  extreme  life  of  the  timber  as  when  the  tank  was  taken  down  the  best  of  the 
timber  was  used  in  the  construction  of  a  smaller  tank  which  is  still  in  use. 
The  original  tank  was  constructed  in  1870,  which  makes  the  timber  in  the 
smaller  tank  48  years  old. 

In  the  letters  received  many  records  were  given  showing  a  life  of  only  10  to 
15  years  for  cypress,  white  pine  and  redwood  tanks.  This  was  unfair  to  the 
timbers  mentioned  as  the  short  life  obtained  was  undoubtedly  due  to  poor 
selection  of  timber,  poor  construction,  the  tank  not  being  kept  filled  with  water 
or  some  one  or  more  of  a  number  of  faults  that  would  cause  early  decay. 

Conditions  of  Steel  Water  Tank  After  SO  Years'  Service. — Walter  E.  Miller 
gives  the  following  notes  in  an  article  published  in  Engineering  News- 
Record.   March  31,    1921. 

The  water  tank  with  supporting  and  inclosing  masonry  tower  of  the 
water-works  of  Madison,  Wis.,  was  erected  in  1890.  Its  demolition  was 
completed  early  in  January,  1921.  It  was  removed  because  (1)  the  daily 
consumption  of  water  and  the  pumping  rates  had  so  greatly  increased  since 
the  tank  was  erected  that  the  size  of  the  tank  became  too  small  to  be  of  mate- 
rial value,  and  (2),  because  the  tower  and  tank  obstructed  an  important  street. 
The  history  of  this  structure  shows  how  greatly  the  allowances  for  depreciation 
might  differ,  depending  upon  whether  they  include  or  exclude  the  functional 
as  well  as  physical  depreciation. 

The  structure  consisted  of  a  steel  tank,  12^  ft.  in  diameter  by  60  ft.  high, 
supported  and  enclosed  by  a  cylindrical  brick  wall  above  a  one-story  square 
structure  of  stone  masonry.  The  bottom  of  the  tank  was  72  ft.  and  its  top 
was  132  ft.  above  the  street. 
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The  tank  lested  on  a  grillage  of  steel  rails  laid  upon  four  16-in.  I-beams 
carried  by  the  heavy  brick  wall.  Above  the  bottom  of  the  tank  the  wall  had 
three  thicknesses,  nominally  S,  6  and  4  in.  The  lower  third  of  that  portion 
was  laid  in  conact  with  the  tank  and  had  a  thickness  of  the  widths  of  two 
bricks  laid  flat.  For  the  middle  third  of  the  tank  the  wall  consisted  of  two 
rings  of  brick,  one  laid  flat  and  one  on  edge,  and  was  2  in.  from  the  tank. 
Around  the  top  third  of  the  tank  4  in.  from  it  was  a  wall  one  brick  width  in 
thickness. 

Examination  of  the  structure  before  and  during  its  removal  revealed  but 
little  deterioration;  so  little  as  to  make  it  appear  that  its  thirty  years  of  actual 
SM'vice  would  be  but  a  small  part  of  its  possible  physical  life.  The  most 
noticeable  and  important  det^loration  was  incipient  disintegration  of  the 
outer  brickwork  near  the  level  of  the  bottom  of  the  tank,  but  this  might  have 
been  repaired  at  moderate  expense  had  the  continued  use  of  the  structure 
been  desired.  Notwithstanding  the  apparent  fact  that  the  tank  plates  had 
never  been  cleaned  and  repainted  the  greater  part  of  their  surfaces  was  still 
w^  preserved  and  smooth,  although  in  places  the  paint  was  gone  and  rust 
bad  formed.  In  a  few  places  there  was  a  noticeable  pitting  of  the  metal,  but 
in  no  case  had  this  gone  far  enough  to  warrant  any  apprehension  as  to  weak- 
ening of  the  plates. 

Data  on  Life  of  Iron  Water  Tank  and  Cost  of  SS7,000  GaL  Elevated  Steel 
Tank  at  Princeton,  If .  J. — The  following  notes  are  given  in  an  article  by  R.  W. 
Becker  in  Engineering  News,  Jan.  27, 1916. 

In  1883  the  firm  of  Tippett  A  Wood,  of  Phillipsburg,  N.  J.,  fabricated  and 
erected  an  elevated  water  tank  at  Princeton,  N.  J.,  for  the  Princeton  Water 
Co.  The  capacity  of  the  tank  was  141,000  gal.  The  growth  of  the  town 
since  has  made  it  inadequate  and  it  was  replaced  by  a  537,000-gal.  tank, 
built  by  the  same  firm  early  in  1915. 

BjeoNit  insiiection  of  the  old  materials  (iron  tank  and  tower)  showed  that 
the  tower  was  exceptionally  well  preserved.  Rust  had  not  caused  sufficient 
deterioration  in  the  tank  plates  to  be  perceptible  by  calibration.  The  tank 
received  two  coats  of  paint  when  it  was  erected  and  had  been  painted  (moe 
every  3  to  4  years  since.  It  had  always  been  filled  with  water.  The  only 
repair  required  was  the  replacing  of  the  oak  timbers  under  the  tank  by  6-in. 
steel  I-beams,  5  yr.  ago.  The  wood  was  decajring  rapidly  and  appeared 
unsafe  to  carry  the  load  much  longer  after  25  yr.  of  use. 

The  (Ad  tank  and  tower  were  torn  down  carefully,  so  as  not  to  injure  the 
plates,  by  cutting  ofiF  and  backing  out  the  rivets.  Each  piece  as  it  was  cut  off 
was  carefully  lowered  to  the  ground.  As  the  tank  was  in  such  good  condition, 
it  was  reerected  on  a  concrete  foundation  at  Lawrenceville.  N.  J.,  where  it  is 
now  in  service.  The  tower  was  reerected  at  New  Brunswick,  N.  J.,  where  it 
Is  supporting  a  wooden  tank  of  100,000  gal.  capacity.  The  cost  to  Tippett  & 
Wood  of  taking  down  the  old  tank  and  tower  was  $1,000. 

The  new  tank  is  45  ft.  in  diameter,  30  ft.  high  from  the  top  to  the  beginning 
of  the  curved  bottom,  and  58H  ft.  high  overall.  The  steel  tower  sup- 
porting the  tank  is  87K  't.  high  from  the  column  foundations  to  the  balcony. 
The  distance  from  the  base  of  the  colimms  to  the  peak  of  the  roof  is  133  ft. ; 
and  from  the  ground  to  the  top  of  the  finial  about  135  ft. 

Although  the  columns  are  vertical,  the  tower  is  very  stable  on  account  of 
the  large  diameter  of  the  tank.  Each  column  is  anchored  to  a  massive  con- 
oete  pier  by  four  IH-ln.  round  anchor  bolts.  The  total  cost  of  the  structure 
about  $26,000. 


CHAPTER  VII 
WATER  WORKS 

This  chapter,  while  touching  upcm  the  general  subject  of  waterworks, 
lays  special  stress  up<Mi  the  particular  phases  of  construction  costs  usually 
allotted  to  the  field  of  civil  engineering.  Additional  data  on  pipe  costs  are 
given  in  the  (diapter  on  Irrigation  and  data  on  operating  and  construction 
costs  of  water  treatment  plants  are  giv^i  in  the  following  chapter. 

For  further  data  the  reader  is  referred  to:  Gillette's  "  Handbook  of  Coat 
Data"  Section  VII,  Waterworks;  Gillette's  "Earthwork  and  Its  Cost"  and 
"Handbook  of  Rock  Excavation"  for  trenching  costs  and  to  Gillette  and 
Dana's  "Handbook  of  Mechanical  and  Electrical  Cost  Data"  for  costs  of 
pumps  and  pumping. 

Construction  and  Operating  Costs. — The  following  matter  is  abstracted 
from  Hazen's  "  Clean  Water  and  How  to  Get  It"  (1914)  ^^ 

In  America  water  works  receipts  average  about  $sr.50  per  cai^ta  lor  the 
population  supplied,  but  figures  ranging  all  the  way  from  $2.00  to  $4.00  are 
common;  and  some  figures  are  outside  of  this  range.  These  are  for  pubU<^ 
owned  works.  Private  companies  average  to  make  about  the  same  collec- 
tions for  domestic  rates,  and  in  addition  they  are  paid  for  fire  service,  so  that 
their  total  receipts  average  about  $3.00  per  capita.  Publicly  owned  works 
as  a  rule  receive  no  separate  pa3rment  for  fire  protection. 

There  seems  to  be  no  well  marked  tendency  to  either  higher  or  lower  collec- 
tions per  capita  in  the  larger  cities,  as  compared  with  the  smaller  ones. 
Large  cities  usually  have  to  go  farther  for  water.  Small  sources  near  at 
hand  are  not  available  to  them,  and  it  would  seem  reasonable  to  suppose  that 
the  relative  cost  would  be  greater.  But  it  seems  that  the  savings  which  are 
made  by  operating  on  a  larger  scale  offset  this  tendency,  and  on  the  whole, 
the  expense  of  securing  water  is  just  about  the  same  on  an  average  in  propor- 
tion to  population  in  small  cities  and  in  large  ones. 

The  disposition  of  the  $2.50  per  capita  collected  on  an  average  in  America 
is  about  as  follows:  First,  in  works  where  the  supply  is  from  a  gravity  source, 
and  no  purification  is  used,  about  $0.50  per  capita  annually  is  used  for  paying 
the  general  expenses  of  administration,  of  taking  care  of  services,  meters, 
etc.,  of  making  repairs,  and  of  maintaining  the  works  generally.  The  $2.00 
remaining  pays  4  per  cent  interest,  and  1  per  cent  depreciation,  or  together 
5  per  cent  capital  charges  on  a  cost  or  value  of  works  averaging  $40  per  capita. 
The  $40  is  about  equally  divided  between  the  distribution  syst^n,  which 
includes  the  pipes  in  the  streets  of  the  city,  the  services,  meters,  etc.,  and  the 
source  of  supply,  which  includes  all  the  works  for  securing  the  water  and 
bringing  it  to  the  city. 

Second,  in  works  where  the  supply  is  pumped  from  a  river  or  lake  near  at 
hand,  with  or  without  purification,  about  $0.50  is  used  for  the  goieral  expenses 
as  above  mentioned.  Another  $0.50  is  used  for  pumping  and  purification 
(rather  more  when  the  water  is  purified ;  less  when  it  is  not) ;  and  the  remaining 
$1.50  pays  5  per  cent  capital  charges  on  an  average  investment  of  $30  per 
capita,  of  which  $20  is  in  the  distribution  system  and  $10  in  the  source  of 
supply. 
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Gravity  sources  of  supply  cost  more  to  isecure,  but  are  cheaper  to  Cfpemte. 

The  above  mentioned  figures  are  general  approximations,  given  to  show 
general  water  works  conditions  in  America  at  the  present  time,  but  wide 
fluctuations  wili  be  found  in  individual  cases. 

Some  cities  are  so  located  that  no  good,  adequate  source  of  supply  is  near 
at  hand;  and  where  water  is  brought  from  long  distances  and  is  pumped  and 
purified,  it  is  dear  that  it  cannot  be  delivered  at  the  cost  or  sold  at  the  price 
that  is  fair  for  a  water  drawn  from  a  pure  and  ample  source  near  at  hand. 

Then  the  cost  of  distribution  differs.  In  a  city  on  level  ground  where  one 
service  or  one  system  of  pipes  does  for  all,  the  cost  both  of  construction  and  of 
operation  is  less  than  on  a  hilly  site  where  separate  high  service  districts  must 
be  maintained,  involving  additional  pipe  systems  and  additional  pumping 
stations.  And  a  city  that  is  compactly  built  up,  so  that  it  can  be  served  with 
a  pipe  system  having  a  mile  or  less  of  pipe  per  thousand  of  population,  can  be 
more  cheaply  served  than  a  scattered  city  with  long  lines  of  pipe  running 
out  where  there  are  but  few  houses,  and  where,  taking  it  ri^t  through,  two  or 
even  three  miles  of  pipe  are  required  per  thousand  of  population. 

Cities  that  waste  large  amounts  of  water  have  to  pay  for  it.  The  cost 
of  the  works  is  greater,  and  this  cost  is  sure  to  be  represented  sooner  or  later 
in  the  assessments. 

Matters  of  these  general  natures  largely  explain  why  some  cities  can  be  sup- 
plied for  less  than  $2  per  capita  while  others  must  collect  over  $4  per  capita. 

The  service  of  water  is  one  of  the  cheapest.  The  average  Amerioan  family 
pays  far  more  for  gas,  for  ice  and  for  milk,  than  for  water.  In  my  own  house- 
hold in  New  York,  taking  the  cost  of  Croton  water  at  $1,  the  average  cost 
of  other  household  supplies  is  as  follows:  Ice  $3,  Light  $4,  Telephone  $5, 
Coal  $13,  Milk  $15.  Taking  into  account  the  nature  of  the  water  service, 
which  has  become  absolutely  indispensable,  the  low  cost  is  very  remarkable. 

Rates  Charged  for  Water  Service. — Berlin,  Germany,  collects  twelve  marks, 

equal  to  about  three  dollars  per  annum,  for  each  service,  and  in  addition 

collects  payment  for  all  water  recorded  by  the  meters.     Milwaukee  has 

similarly  collected  one  dollar  per  annum  for  each  service,  but  this  is  clearly  too 

low  a  figure.     It  will  not  pay  for  the  maintenance  of  the  services  and  meters. 

A  better  way  is  to  base  the  payments  upon  the  size  oi  the  service.     Most 

of  the  services  of  a  system  are  domestic  services,  that  is  to  say  they  serve 

residences.     These  services  are  commonly  five-eighths  of  an  inch  in  diameter. 

The  assessment  on  these  may  be  placed  at  $3.00  per  annum,  let  us  say. 

Some  takers  insist  on  a  larger  service  because  they  wish  to  draw  water  more 

rapidly.     Many  discussions  take  place  because  the  prospective  taker  is 

insistent  on  a  larger  service,  while  the  water  works  superintendent  believes 

the  usual  size  to  be  sufficient.    Why  not  let  the  taker  have  a  service  as  large 

as  he  likes  and  charge  him  for  it  in  proportion  to  its  size,  or,  let  us  say,  approxi- 

znately  in  proportion  to  its  ability  to  deliver  water? 

Starting  with  a  charge  of  $3.00  for  a  five-eighth  inch  service,  and  using 

round  figures,  the  charge  for  larger  services,  not  including  the  charge  for  water 

would  be 

For  Ji-inch $     5. 00  per  annum 

For  1-inch 10. 00  per  annum 

For  1 3^-inch 20. 00  per  annum 

For  2-inch 30. 00  per  annum 

For  3-inch 70. 00  per  annum 

For  4-inch 125;  00  per  annum 

For  6-inch 300. 00  per  annum 

For  8-incli 500. 00  per  annum 
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This  arrangement  has  jthe  practical  advantage  of  making  a  substantial 
charge  for  a  substantial  service,  and  for  a  service  that  too  often  is  not  ade- 
quately paid  for,  where  large  pipea  lead  from  the  mains  into  mills,  ware- 
houses, etc.,  for  fire  purposes  only,  and  from  which  pipes  ordinarily  no  water 
is  drawn. 

These  pii)es  cause  more  trouble  to  water  departments,  and  the  privileges 
granted  are  subject  to  mote  gross  abuse,  than  those  from  any  other  class  of 
service;  and  it  is  right  and  proper  that  substantial  payments  ^ould  be 
made  for  them. 

Such  large  fire  services  should  always  be  metered  and  they  should  not  be 
allowed  to  exist  on  any  other  condition.  This  has  not  been  possible  until 
recently,  but  it  can  be  done  now,  for  a  type  of  meter  has  been  invented  which 
is  satisfactory  from  a  water  works  standpoint,  and  which  does  not  interfere 
materially  with  the  value  of  the  pipe  for  fire  service.  With  this  meter  the 
water  ordinarily  passes  through  a  by-pass  on  which  there  is  a  small  meter. 
But  in  case  of  need,  that  is  in  case  of  fire,  a  valve  on  the  main  line  opens 
automatically  and  the  full  quantity  of  water  that  the  pipe  will  carry  flows 
through  it  unobstructed  for  use.  Even  in  this  case  an  approximate  idea  of  the 
amount  of  water  drawn  is  registered  by  some  extremely  ingenious  devioee 
which  are  only  brought  into  play  when  the  main  valve  is  opened. 

The  general  idea  of  charging  in  proi>ortion  to  the  areas  of  the  service  pipes 
has  be^i  expressed  in  the  form  of  minimum  rates  at  Cleveland  and  other 
places.  I  do  not  know  that  it  has  been  followed  anywhere  to  its  logical 
conclusion,  as  above  outlined. 

Another  way  to  divide  the  sum  to  be  taxed  on  services  is  in  proportion  to 
fixture  rates.  This  method  is  applicable  especially  in  cities  which  are  grad- 
ually changing  from  fixture  charges  to  the  meter  system.  In  this  case  the 
fixture  rates  are  known  for  each  house.  Supposing  it  is  decided  to  assess 
one-third  of  the  whole  amount  to  be  raised  upon  fixtures  then  when  a  meter 
was  installed  on  a  given  service  the  charge  for  that  service  would  be  one- third  of 
the  previous  fixture  rate,  and  in  addition  all  water  used  would  be  charged  for. 

For  these  conditions  this  system  has  much  to  recommend  it.  But  it  is  a 
transition  system.  When  all  services  are  metered  it  is  not  to  be  supposed 
that  it  will  be  worth  while  to  continue  making  fixture  rates. 

In  the  case  of  an  excess  of  revenue  being  demonstrated,  the  charge  for  water 
could  be  reduced  to  sl!x  cents  or  to  five  cents  as  the  business  would  stand,  or 
the  charge  for  services  might  be  lowered.  Practical  experience  with  the 
general  method  would  be  available  to  indicate  where  the  cuts  could  be  best 
and  most  equitably  made. 

The  use  of  a  sliding  scale,  that  is  to  say,  or  making  lower  rates  to  large 
takers,  is  firmly  fixed,  and  it  will  be  hard  to  do  away  with  the  idea.  But  the 
writer  believes  that  such  a  scale  as  that  suggested  contains  all  the  provisions 
of  this  kind  that  are  necessary  or  wise. 

In  the  first  place  this  kind  of  scale  is  in  reality  a  sUding  one.  The  small 
cottage  pays,  let  us  say,  $3  per  year  for  the  service,  and  in  addition  uses  water 
charged  at  $0.10  per  1000  gallons,  let  us  say,  amounting  to  $3  per  year  in 
addition.  The  total  payment  is  $6  per  year  and  the  average  cost  of  water  to 
the  taker  is  $0.20  per  1000  gallons. 

A  larger  taker  pays,  let  us  say,  $12  per  year  for  his  service,  and  uses  at  the 
same  rate  water  worth  $120  per  annum.  The  whole  bill  is  then  $132  and  the 
average  cost  of  water  to  him  is  $0.11  per  1000  gallons,  against  the  $0.20  paid 
by  the  smaller  taker. 
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The  basing  figures  of  course  are  to  be  fixed  to  meet  local  conditions,  and 
when  so  fixed  they  will  give  all  the  slide  that  is  desirable.  There  is  no  reason 
why  the  man  in  a  cottage,  who  lets  his  plumbing  get  out  of  order  and  wastes 
an  extravagant  quantity  of  water,  should  be  asked  to  pay  a  larger  price  per 
thousand  gallons  for  the  water  wasted  by  his  neglect  than  is  paid  by  the 
largest  establishment. 

Manufacturers  are  often  supplied  by  cities  at  special  rates  which  are  less 
than  cost.  This  is  most  frequently  done  on  special  pleas,  and  is  comparable 
to  giving  exemption  from  taxation.  The  practice  is  not  a  wise  one  and 
should  not  be  encouraged. 

Low  rates  are  also  often  made  to  secure  customers  who  would  not  otherwise 
use  water  or  who  would  not  use  so  much.  This  is  most  apt  to  be  done  in  the 
early  days  of  operation  of  a  system  when  the  capacity  of  the  works  built 
in  anticipation  of  growth  is  beyond  present  requirements.  Hydraulic 
elevators  and  motors  are  most  common  and  objectionable  subjects  for  such 
spedsLi  rates.  As  long  as  the  capacity  of  the  works  is  really  in  excess  of  the 
demand,  a  little  financial  help  is  received  by  the  department  from  such  rates; 
but  as  soon  as  the  capacity  of  the  plant  is  approached  such  rates  become  a  drag 
and  a  source  of  loss.  Experience  shows  that  they  are  not,  and  cannot  possibly 
be  shut  off  promptly  when  they  cease  to  be  profitable.  It  is,  therefore,  better 
and  safer  to  charge  the  regular  rates  for  water  used  for  these  and  all  other 
special  purposes,  and  to  take  good  care  that  all  water  so  used  is  paid  for. 
Some  revenue  will  be  lost;  some  elevators  and  printing  presses  will  be  driven 
by  electricity  instead  of  by  water  power,  but  electricity  is  a  better  way  of 
transmitting  power  than  water  imder  pressure,  and  in  the  end  all  will  be 
better  off. 

American  cities  having  high  service  systems  make  precisely  the  same 
<diaiges  for  water  from  them  as  for  water  from  the  low  serviciB  pipes.  The 
man  on  the  top  of  a  hill  with  high  service  water  pays  no  more  than  the  man 
In  the  valley,  though  to  supply  him  costs  the  city  usually  from  two  to  five 
cents  more  per  thousand  gallons,  and  where  the  high  service  districts  are  small 
and  isolated  the  extra  cost  may  greatly  exceed  the.se  figures.  There  seems  to 
be  no  well-founded  reason  for  this  equality  in  charge  with  clearly  defined 
difference  in  cost  of  service. 

It  would  seem  rational  and  wise  to  charge  more  for  high  service  water  than 
for  low  service  water,  and  to  establish  the  differential  carefully  at  so  many 
cents  per  thousand  gallons,  to  pay  as  nearly  as  it  can  be  computed  for  the 
additional  cost  of  the  high  service  water;  and  the  differential  should  be  subject 
to  revision  from  time  to  time  as  the  conditions  of  service  change.  Usually  it 
would  be  higher  at  first,  with  few  takers,  and  less  as  the  quantity  sold  became 
greater. 

The  present  method  is  unfair  to  those  on  low  ground.  They  pay  their 
share  (usually  the  largest  share)  of  the  excess  of  supplying  water  to  those 
located  on  the  hills.  And  this  is  the  more  unfair,  as  the  hill  sites  are  usually 
more  desirable  for  residences,  and  those  who  live  on  them  aie  well  able  to  pay 
tlie  added  cost  which  their  service  entails  on  the  water  department. 

I  have  described  this  meter  rate  question  at  some  length,  because  I  feel 
siron^y  that  present  methods  of  charging  are  in  general  unfair  and  unreason- 
able, and  because  I  believe  that  the  adoption  of  the  general  principles  here 
outlined  will  do  a  great  deal  to  improve  the  situation. 

The  sooner  arbitrary  and  unreasonable  methods  are  abandoned,  and  more 
leoscmable  methods  are  adopted,  the  better  it  will  be  for  both  consumers  and 
21 
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for  water  departments,  and  the  easier  it  will  be  to  supply  clean  water  and  to 
make  the  financial  arrangements  for  doing  it. 

The  Required  Sizes  of  Filters  and  Other  Ports  of  Water  Works. — The 
following  matter  is  given  in  Hazen's  "Clean  Water  and  How  to  Get  It" 
(1914). 

One  of  the  most  perplexing  questions  to  a  b^^inner  is  to  find  the  reasons 
for  the  apparent  discrepancies  in  the  sizes  of  the  different  parts  of  a  well 
designed  water  works  system.  If  a  system  is  capable  of  supplying  15,000,000 
gallons  per  day,  it  would  seem  at  first  thought  that  all  parts  should  be  of  this 
capacity  and  that  nothing  beyond  it  would  be  necessary.  But  this  condition 
is  never  realized.  The  pumps  have  one  capacity,  the  pipes  another,  the 
filters  stUl  another,  and  the  plant  is  declared  to  be  too  small  while  the  average 
consumption  of  water  is  below  any  of  the  figures  given  for  the  capacities 
of  the  component  parts. 

In  laying  out  a  system  of  works  there  is  no  matter  which  calls  for  more  care- 
ful study  than  the  most  advantageous  sizes  of  these  component  parts.  To 
some  extent  these  sizes  are  not  capable  of  calculation,  but  are  matters  of 
judgment.  The  judgment  to  be  valuable  must  be  based  on  extended 
experience,  and  must  take  into  account  all  the  particular  conditions  in  the  case 
in  hand. 

Let  us  take  a  particular  case  to  illustrate  in  a  general  way  the  method  of 
getting  at  these  sizes. 

The  city  imder  consideration  has  a  present  population  of  80,000,  we  will  say. 
The  works  now  built  should  be  large  enough  so  that  no  addition  will  be 
required  for  ten  years.  In  some  parts  it  may  be  worth  while  to  anticipate 
growths  for  a  longer  period.  The  rate  of  growth  to  be  anticipated  is  judged 
from  the  past  rate  of  this  particular  city,  and  of  other  cities  similarly  situated, 
taking  also  into  account  any  special  conditions  likely  to  make  it  grow  either 
more  or  less  rapidly  than  it  has  done,  or  than  its  neighbors.  In  this  case  we 
will  say  that,  all  things  considered,  25  per  cent  per  decade  seems  a  reasonable 
allowance.  Adding  25  per  cent  to  the  present  population  brings  us  to  a 
population  of  100,000,  which  must  be  provided  for  in  the  first  construction. 

The  amount  of  water  per  capita  is  next  to  be  considered.  This  depends 
somewhat  upon  the  habits  of  the  people  as  to  the  use  of  water  for  domestic 
purposes,  and  for  watering  lawns  and  streets;  somewhat  upon  the  amount  of 
water  sold  now  or  likely  to  be  sold  for  manufacturing,  railway,  and  trade 
purposes;  and  still  more  upon  the  amount  of  water  that  is  wasted  by  takers  and 
the  amount  lost  by  leakage  from  the  pipes. 

The  present  consumption  we  will  say  is  100  gallons  per  capita  daily.  A 
greater  manufacturing  use  is  to  be  anticipated,  but  on  the  other  hand,  it  is 
proposed  to  install  more  meters  upon  the  services  which  will  reduce  the  waste. 
This  will  offset  the  increase  in  actual  use  per  capita,  and  we  will  consider  100 
gallons  per  capita  daily  as  the  probable  consumption  ten  years  hence. 

The  quantity  of  water  to  be  provided  is  thus  100  gallons  per  capita  for  a 
population  of  100,000,  or  10.000,000  gallons  per  day. 

Ten  million  gallons  per  day  is  the  average  daily  amount  for  the  year.  Some- 
times the  use  will  be  less  and  sometimes  more  than  the  average.  There  are 
few  cities  where  the  maximum  month  does  not  exceed  the  annual  average  by 
15  per  cent.  There  are  some  where  it  is  50  per  cent  greater.  In  this  case  25 
per  cent  Is  assmned. 

The  maximum  monthly  consumption  will  thus  be  25  per  cent  above  the 
average,  or  12,500,000  gallons  per  day. 
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The  maTlmmn  daily  consumption  must  be  tak^i  as  10  per  cent  more  tban 
this  figure,  or  13,750,000  gallons  per  day. 

During  some  hours  of  the  day  the  rate  of  0(msuii4>tion  is  far  greater  than  at 
other  hours.  The  excesss  of  the  maximum  hourly  rate  over  the  average  daily 
rate  is  more  nearly  in  proportion  to  the  population  supplied  than  it  is  to  the 
average  amount  of  supply.  In  other  words,  the  use  of  water  fluctuates, 
while  the  waste  does  not  fluctuate,  and  where  waste  is  large  in  proportion  the 
fluctuations  expressed  in  percentage  of  the  whole  are  less.  In  this  case  a  rate 
of  80  gallons  per  capita  is  taken  as  representing  the  excess  of  maximum  rate  of 
oonsumpti<HL  over  the  average  of  100.  The  maximum  rate  of  use,  therefore, 
will  be  at  the  rate  of  180  gallons  per  capita,  or  18.000,000  gallons  per  day. 

This  does  not  include  the  water  required  for  fire  service,  which  must  still  be 
added.  For  ordinary  fires  which  are  quickly  put  out,  no  very  heavy  drafts 
are  made.  But  for  the  larger  fires,  which  occur  at  kmg  intervals,  a  liberal 
supply  must  be  furnished. 

In  this  case,  taking  into  account  the  nature  of  the  situation  and  value  of  the 
property,  we  assume  that  water  to  supi^y  do  standard  fire  streams  should  be 
available.  Such  streams  use  250  gallons  of  water  per  minute,  or  at  the  rate  of 
360,000  gallons  per  day  for  each  fire  stream.  Thirty  streams  will  require 
water  at  the  rate  of  10,800,000  gallons  per  day. 

If  this  was  added  to  the  maximum  rate  of  use,  18,000,000  gallons  per  day, 
it  would  give  the  extr^ne  maximum  rate  to  be  provided  for  of  28300,000  gallons 
per  day. 

Actually  there  is  so  little  probability  of  the  occurrence  of  the  maximum  fire 
at  precisely  the  time  of  the  maximum  use  of  water  for  other  purposes  that  we 
can  afford  to  take  a  few  chances  on  it,  and  this  fig^ure  may  be  cut  somewhat. 
With  an  average  use  of  100  gallons  per  capita,  rates  exceeding  130  gallons  per 
capita  would  not  occur  for  more  than  a  small  percentage  of  the  time.  This 
would  be  13,000,000  gallons  per  day.  Adding  our  30  fire  streams,  or  10,800,- 
000  gaUons  per  day,  to  this,  we  have  23,S00,000,or  say  25.000,000  gallons  per 
day,  as  the  amount  which  the  works  must  be  capable  of  supplying  when  there  is 
demand  for  it  in  case  of  a  heavy  fire. 

It'is  <Mily  necessary  to  prepare  to  supply  water  at  this  highest  rate  for  three 
or  four  hours,  but  the  works  must  be  able  to  supply  water  at  the  maximum 
daily  rate  of  13,750,000,  or  say  14,000,000  gallons  per  day,  when  required,  for 
a  number  of  days  in  succession. 

We  can  now  take  up  the  sizes  required  for  the  differ^it  parts  of  the  works. 

If  an  impounding  reservoir  and  its  catchment  area  are  sufficient  to  maintain 
a  <»i»taat  supply  in  a  dry  year  equal  to  the  annual  average  contemplated  use, 
that  will  suffice.  The  reservoir  will  take  care  of  fluctuations  in  the  rate  of 
draft,  ajod  no  computation  need  be  made  of  the  effect  of  such  fluctuations. 

The  pipe  line  leading  from  the  impounding  reservoir  to  the  distributing 
reservoir  near  the  city  must  have  a  capacity  equal  to  the  maximum  daily  use 
of  14,000,000  gallons  per  day,  or  40  per  cent  above  the  average  annual  use. 

The  hourly  fluctuations  will  be  balanced  by  the  distributing  reservoir. 
The  storage  capacity  required  to  balance  the  fluctuations  of  ordinary  use 
will  be  about  15  per  cent  of  the  average  daily  use  or  1 ,500,000  gallons.  In  addi- 
tion to  this,  enough  capacity  to  maintain  the  maximum  flre  draft  for  four 
bfOUiB  should  be  added.    This  will  require: 

^4  (25  -  10)  =  2,500,000  gallons  capacity. 

Ttite  makes  the  required  capacity  of  the  distributing  reservoir  4,000,000  gallons. 
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It  is  not  usually  convenient  to  so  operate  a  plant  as  to  keep  the  distributing 
reservoir  always  full,  and  a  fire  might  occur  when  it  was  somewhat  drawn 
down.  To  provide  for  this  a  further  allowance  should  be  made,  bringing  the 
capacity  to  5,000,000  gallons,  or  one*half  a  day's  average  supply.  And  if  the 
fire  risk  is  large,  the  site  suitable,  and  the  financial  conditions  warrant  it,  a 
larger  reservoir,  up  to  at  least  a  full  day's  supply,  will  be  safer  and  better. 

Purification  works  and  pumps,  if  used,  located  between  the  impounding 
reservoir  and  the  distributing  reservoir,  must  have  capacities  equal  to  the 
maximum  day's  use,  and,  in  addition,  reserve  units  or  capacity  must  be  pro- 
vided to  cover  the  time  lost  in  cleaning  filters  and  in  repairing  pumps;  and  it 
is  customary  to  have  a  reserve  unit  of  each  kind,  so  that  the  supply  would  not 
be  crippled  by  having  one  pumping  or  filtering  unit  out  of  service  for  some 
time. 

As  a  general  rule,  where  the  distributing  reservoir  balances  hourly  fluctua- 
tions and  provides  for  fire  service  requirements,  the  filters  should  have  a 
capacity  a  half  greater  than  the  average  rate  of  consumption,  and  the  pumps 
should  have  a  nominal  capacity  twice  as  great  as  the  average  rate  of  pumping. 

The  average  rate  of  the  filters  will  thus  be  two-thirds  of  the  maximum  rate, 
and  the  pumping  machinery  will  operate  equal  to  one-half  its  nominal  capacity 
when  the  capacity  of  the  plant  is  reJEiched.  At  all  other  times  the  ratio  of  use 
to  capacity  will  be  less. 

The  pipes  from  the  distributing  reservoir  to  the  city,  and  through  it,  must 
have  a  capacity  up  to  the  maximum  rate  of  use  of  25,000,000  gallons  per  day. 

If  the  water  is  pumped  from  the  reservoir  to  the  city,  the  pumps  must  have 
this  capacity  with  one  unit  in  reserve.  This  means  practically  that  the  pumps 
for  direct  service  must  have  a  capacity  equal  to  three  times  the  average 
rate  of  use.  In  small  works  the  pumps  must  be  even  larger  than  this  in 
proportion. 

It  never  pays  to  bufld  filters  and  purification  works  to  meet  the  maximum 
rate  of  consumption.  Even  in  case  of  a  river  supply  and  direct  pumping  of 
the  filtered  water  into  the  distribution  pipes,  it  pays  to  provide  a  pure  water 
reservoir  at  the  filters  to  balance  the  hourly  fluctuations  in  rate.  This  per- 
mits the  puriflcation  plant  to  work  at  a  constant  or  nearly  constant  rate 
throughout  the  twenty-four  hours,  which  is  advantageous. 

The  figures  used  in  this  illustration  are  representative,  but  there  are  reasons 
in  particular  cases  why  higher  or  lower  values  must  be  used.  But  in  every 
case  there  are  certain  ratios  that  must  be  met.  With  pumps  capable  of 
lifting  10,000,000  gallons  per  day,  and  filters  capable  of  filtering,  and  pipes 
capable  of  carrying  this  quantity,  it  has  never  been  possible,  and  it  never  will 
be  possible,  to  deliver  under  the  required  conditions  of  practical  service  10,000.> 
000  gallons  of  water  per  day,  nor  even  an  approximation  to  this  amount. 

This  matter,  although  very  simple,  is  mentioned  at  length  because  it  is  one 
of  the  most  common  matters  to  be  misunderstood,  and  a  perfectly  dear 
understanding  of  it  is  essential. 

Some  most  important  projects  have  been  seriously  defective  and  incapable 
of  their  supposed  capacities  because  of  inadequate  allowances  of  this  kind. 

Waterworks  Data  for  Small  Towns  and  Villages. — Prof.  D.  D.  Ewing  gives 
the  following  in  Engineering  and  Contracting,  April,  14,  1920. 

The  data  for  the  accompanying  statistical  graphs  and  empirical  equations 
were  drawn  from  the  descriptions  of  waterworks  plants  contained  in  "  Munici- 
pal Water  Supplies  of  Illinois,"  by  Edward  Bartow,  Bulletin  of  the  University 
of  Illinois,  Water  Survey  Series  No  5,1907  and  "Water  Supplies  of  Kansas/* 
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by  C.  A.  Haskiiis  and  C.  C.  Young.  £iigineeriiig  Bulletin  No.  5,  University 
of  Kansas,  1915. 

In  Fig.  1  are  idottecFthe  relations  between  water  consumption  in  gallons 
per  capita  per  day  and  population  for  small  towns  in  Indiana,  Illinois  and 
Kansas.  As  is  indicated  in  the  figure  the  points  through  which  the  graphs  are 
drawn  are  averages  for  a  number  of  communities  of  about  the  same  size. 
The  water  consumption  of  a  town  depends  on  a  number  of  factors,  some  of  the 
most  important  being: 

Industrial  development. 

Social  characteristics  of  the  people. 

Climate. 

Character  of  the  water  supply. 

Sewerage  development. 

Percentage  of  metered  "^rvices. 


r 


8  10  12 

Popofafion  Thousands 

Fig.   1. — ^The  relation  between  water  consumption  and  population. 

As  the  graphs  represent  average  values  it  is  to  be  expected  that  in  specific 
there  may  be  wide  deviation  from  the  figures  indicated  by  the  graphs. 
For  example,  in  a  small  country  town  of  the  poorer  type  with  nothing  in  the 
way  of  sewer  systems  uid  industries  the  cmisimiption  may  be  as  low  as  5  gal. 
per  capita  per  day.  On  the  other  hand  in  a  small  city  containing  a  number  of 
fairly  large  water  using  industries  the  consimiption  may  reach  500  gal.  per 
CKplXA  p^  day. 

A  study  of  the  graphs  indicates  that  for  ordinary  middle  west  towns  of  less 

than  4000  population  the  average  daily  water  consumption  may  be  expressed 

by 

Population 
Gallons  per  capita  per  day  = — 
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For  towns  of  more  than  4000  peculation  the  average  eonsumption  is  inde- 
pendent of  the  population  and  is  about  100  gal.  per  capita  per  day.  In  passing 
it  may  be  stated  that  reliable  water  consumption  da^  are  very  hard  to  obtain 
since  in  only  a  very  few  of  the  plants  of  the  country  is  the  water  pumpage 
metered. 

The  relation  between  number  of  consumers  and  population  for  small 

Kansas  communities  is  shown  in  Fig.  2.  Mathematically  the  relation  is 

approximately  expressed  by. 

PoDulation 

Number  of  consumers  =  21  x  — , 

100 

or  roughly  the  average  number  of   consumers  is  one-fifth  of  the  population. 
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Fia.  2. — The  relation  between  number  of  consumers  and  population. 


Fig.  3  shows  the  relation  between  pump  capacity  in  gallons  per  minute  and 
population  and  indicates  the  method  used  in  determining  the  relation.  ThQ 
figures  plotted  are  for  Kansas  towns  and  the  equations  of  the  graphs  are : 


Pump  capacity  (maximum)  =  600  +  43  X 


Population 
100 


Pump  capacity  (average)  *«  100  ■\-  M  X  Population. 
Pump  capacity  (minimum)  —  M  X  Population. 

Similar  studies  of  pump  capacity  data  for  Illinois  and  Indiana  plants  give  the 
following  equations: 
Illinois  plants: 

Pump  capacity  (maximum)  =  ^^  X  Population. 
Pump  capacity  (average)  =  *5^oo  X  Population. 
Pump  capacity  (minimum)  =  >§  Population. 
Indiana  plants 

Pump  capacity  (maximum)  =^H2  X  Population. 
Pump  capacity  (average)  =  *Moo  X  Population. 
Pump  capacity  (minimum)  =  >io  X  Population. 
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The  oonatants  in  the  several  equations  for  similar  conditions  are  quite  different. 
It  is  i>robable,  however,  that  for  ordinary  middle  west  towns  the  average  pump 
capacity  in  gallons  pc^  minute  is  about  >i  of  the  population.  The  maximum  and 
minimum  equations  indicate  the  range  of  variation,  that  is  the  pump  capacity 
for  a  town  of  specified  population  should  fall  somewhere  between  the  figures 
given  by  the  maximum  and  minimum  equations  respectively. 

Similar  graphs  showing  the  relation  between  standpipe  or  tank  capacity  in 
gallons  and  the  population  for  small  Kansas  commumties  are  shown  m  Fig.  4. 
The  equations  of  the  graphs  are: 

Capacity  (average)  »  35,000  4-  36  X  Population. 

Capacity  (minimum)  -  30,000  +  5  X  Population. 

For  towns  under  1500  population  a  50^000  gal.  tank  mounted  on  a  100-ft. 
tower  is  a  very  common  installation.  For  pneumatic  tank  systems  Kansas  data 
indicates  that  the 

Tank  capacity  =  12,000  +  5  X  Population. 


3  4  5 

Popuhfion  Thousands 

Fia.  5. — Mileage  of  mains  and  population. 


For  Indiana  communities  the  data  analysed  show  that  for  elevated  tanks  or 
standpipes  the  relations  between  tank  capacity  and  population  are: 
Capabity  (maximun)  =  50,000  -f  60  X  Population. 

Capacity  (average)  -  7500  4-  37.5  X  Population. 

Capacity  (minimum)  —  15.4  X  Population. 

A  fair  figure  for  the  storage  capacity  needed  in  an  ordinary  middle  west  town  is 
probably  given  with  a  fair  degree  of  accuracy  by  the  equation. 

Tank  capacity  =  25,000  +  35  X  Population. 

The  mileage  of  water  mains  required  for  communities  of  various  sizes,  as 
derived  from  the  data  for  the  Kansas  plants,  is  shown  in  Fig.  5.  The  equations 
corresponding  to  the  graphs  are: 

3  X  Population. 
Miles  of  main  (maximum)  —  4  H ■ 


Miles  of  main  (average)  -18-1- 


1000 
1.9  X  Population. 


1000 

-,.,       .       .     /    .  •          X       11^  ,,  Population. 
Miles  of  main  (minimum)  -  1>8  X \j^ — 
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It  la  rscoffniEed  that  the  de^gn  of  a  new  walerworks  plimt  based  wholly 
oa  the  dntBi  auch  as  are  given  above,  certainly  would  not  be  good  engineering 
practice  or  eren  good  common  sanse.  In  the  deslga  or  layout'ot  such  a,  plant 
due  welgbt  must  olwa^  be  given  to  preealUng  local  conditions.  Nevertheleaa 
it  ia  believed  that  such  data  are  of  value  In  making  preliminary  esllmatee.  In 
checking  tentative  designs  or  layouts  and  In  checldng  the  leasoaableness  of 
the  operatinfT  perf oimance  in  existing  plante. 

Cost  and  Operating  DiU  lor  Small  Watsrworlts.^The  followliig  cost  and 
oper&llng  data,  given  in  Engineering  and  ContrBcting,  Oct.  13.  1020,  penaln 
toamaU  waterworks  equipment.  1  hey  were  compUed  by  Prof.  D.  D.  Ewing 
In  connection  with  the  preparation  of  Bulletin  No.  4.  "Electilc  Driven  Water- 
works Id  Indiana,"  Purdue  University  Engineering  Experiment  Station. 


aod  250-(t  head.  These  units  Include  3-phaae.  220-volt,  l.SOO  r.p.m.,  aqulrrel 
cage,  alternating  ciurait  induction  molora.  complete  with  hand-operated  start- 
ing compensatoiB,  mounted  on  the  same  Buti-base  and  direct  connected  to  the 
pumps.     The  costs  are  F.O.B.  works,  and  are  as  oF  April  1, 1919. 

As  cost  equations  are  often  more  convenient  for  an  engineer's  reference 
haodboak  than  tables  or  curves,  such  equaUons  have  been  worked  out  for  the 
gr^ihfi  of  Fig.  1.     They  are  as  follows: 

CtaMdtiee  from  500  to  1,500  gal.  per  minute,  250-fC.  head.  Cost  -  tSOO  -I- 
11.25  X  G.P.M. 

" .....  «.~—  1,500 gal.  per  mhmte,  175  ft.  head.  Cost  -  WOO  +  80.S0  X 


G.P^.' 


...      ...  to  750  gal,  pgj  minute,  125  ft.  b«»d.  Coat  -  (540  +  M.75 

K>  2,000  a»i.  per  minute.  IZS  ft.  head,  Cost  -  SSeO  +  I0.4S 


330 


HANDBOOK  OF  CONSTRUCTION  COST 


Capacities  100  to  400  gal.  per  minute,  125  ft.  head,  Cost  »  $4.50  X  G.P.M. 
Capacities  50a  to  2,000  gal.  per  minute,  125  ft.  head,  Cost  »  $1,300  +  $1.60 
G.P.M. 

For  air  pumps  with  motor-driven  compressors  the  equations  are: 
Capacities  up  to  500  gal.  per  minute,  60-ft.  lift,  Cost  «  $500  +  $4  X  G.P.M. 
For  motor-driven  deep  well  reciprocating  pumping  units  the  equations  are: 
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Fig.  8. — Coal  consumption  in  small  waterworks  plants. 

Capacities  up  to  200  gal.  per  minute,  50-ft.'lift.  Cost  -  $600  4-  $6  X  G.P.M: 
Capacities  up  to  200  gal.  per  minute,  160  ft.  head,  Cost  >  $600  +  $0  X- 

G.P.M.  ^ 

For  elevated  tanks,  height  to  top  of  tank  100  ft.,  tank  capacities,  25,000  to 

200,000  gaL,  Cost  =  $3,200  -|-  $45  X  capacity  in  1,000  gal. 

The  tank  costs  are  for  the  tanks  erected  complete  and  include  everything 
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except  freight  charges.  The  weights  of  these  tanks  and  their  towers  are 
given  by, 

Weight  s  14  tons  +  H  X  capacity  in  1,000  gal. 

In  Fig.  7  are  shown  the  efficiencies  of  triplex,  rotary  and  c^itrifugal  pumps. 
These  curves  do  not  represent  the  efficiencies  of  just  one  pump  of  each  of  the 
different  types  operated  under  various  discharge  conditions,  but  are  the 
efficiencies  of  lines  of  pumps  of  the  several  types,  the  efficiency  of  each  pump  in 
a  given  line  being  the  best  operating  efficiency  of  that  pump. 

Fuel  consumption  and  conservation  are  matters  of  prime  importance  today 
and  in  Fig.  8  is  shown  an  analysis  of  the  fuel  consumption  of  a  number  of  small 
steam  operated  waterworks  plants  in  Indiuia.  It  will  be  noted  that  in  the 
small  plants  the  fuel  consumpti<m  reaches  an  almost  prohibitive  figure.  Were 
these  plants  operated  by  electric  motors  receiving  their  energy  supply  from 
a  central  station  of  only  moderate  capacity,  the  equivalent  coal  consumption 
would  rarely  exceed  7  lb.  of  coal  per  1,000  gal.  of  water  pumped,  and  in  many 
cases  fall  below  5  lb.  per  1,000  gal. 

Cost  of  Water  Works  in  Cities  of  9,000  to  10,000  Population. — The  data 
in  Table  I  are  taken  from  an  article  in  Engineering  and  Contracting.  April 
9.  1919,  giving  a  siunmary  of  the  information  collected  by  Kenyon  Riddle, 
(City  Manager  of  Xenia,  Ohio)  by  means  of  a  questionnaire  sent  to  all  cities 
of  the  above  size  in  the  United  States. 

Tablk  I. — Cost  of  Water  Works  in  Cities  op  From  9,000  to  10,000 

Population 

Present  Value  of 
value  of       water  works 

Name  of  city                                                                   entire  plant  per  capita 

>Xenia.  O.  (P) $260,000  $29.00 

« Aberdeen,  S.  D.   (M) 224,600  13.50 

«  Emporia.  Kan.  (M) 400.000  40. 00 

•  Corsicana,  Tex.  (M) 160,000  12. 00 

<  lola,  Kan.  (M) 123.000  12.30 

» Hastings,  Neb.  (M) 250,000  20.00 

»  Westerly,  R.  I.  (M) 350.000  35. 00 

•  Ludington,  Mich.  (M) 200,000  20. 00 

« Rahway.  N.  J.  (M) 350.000  35.00 

•  Monmouth,  111.  (M) 300 ,  000  30. 00 

» Junction  City,  Kan.  (M) 200,000  25. 00 

•  Fort  Scott.  Kan.  (M) 295, 500  21.  00 

»  Kewanee,  lU.  (M) 395,000  23. 00 

» Delaware,  O.  (P) 300,000  33.00 

»  Owoaso,  Mich.  (P) 150,000  19.00 

» Tyler,  Tex.  (M) 285,000  19.00 

« Defiance,  O.  (M) 150,000  16.60 

•  St.  Charles,  Mo.  (M) 150.000  15.00 

M  Abilene,  Kan.  (M) 80,000  16.  00 

M  Herington,  Kan.  (M) 90,000  19.00 

•  Albuquerque.  N.  M.  (M) 400.000  22. 00 

» Pomona.  Cal.  (P) 600,000  31.00 

«  Clarksville,  Tenn.  (M) 200.000  20. 00 

•AricansaaCity.  Ak.  (M) 200.000  18.00 

* Chickasha,  Okla.  (P) 240.000  16. 00 

•  Goehen,  Ind.  (M) 220,000  22.00 

«  Bniin0S.  Mont.  (M) 500.000  28. 00 

•  Aahland.  Wis.  (P) 480.000  24. 00 

•  Barre,  Vt.  (M) 390,000  39.00 

« Menominee,  Mich.  (M) 284,000  28.00 

« Ottawa,  Kan.  (M) 130,000  14.40 

»» Adrian.  Mich.  (P) 150,000  12.50 

Source  of  Supply:  '  Wells  and  springs.  *  Artesian  wells.  '  Reservoir. 
« Rivers.  » Wells.  •Lake.  *  Deep  wells.  "  River  and  two  deep  wells. 
**  Swings.     "  Green  Bay,  Michiican. 

(P)  Private  ownership.     (M)  Municipal  ownership. 
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Cost  Data  on  Small  Water  Works  Systems. — William  Artingstall  gives  the 
following  data  in  Municipal  and  County  Engineering,  Oct.,  1919. 

The  expenditure  incurred  for  water  supply  for  small  cities  is  dependent  on 
the  locality  and  varies  in  the  per  capita  cost  due  to  the  local  conditions 
peculiar  to  each  city.  This  variation  is  due  not  so  much  to  the  cost  of  the 
water  mains  and  feeders  as  it  is  to  the  cost  of  the  pumping  plant  and  the 
difficulty  (or  ease)  with  which  the  necessary  amount  and  kind  of  water  is 
obtained.  For  this  reason  it  is  customary  to  let  separate  contracts  covering 
these  two  phases  of  the  work  and  in  the  majority  of  cases  the  cost  of  the  supply 
is  not  reported  for  public  information.  In  Table  II  the  cost  of  the  distribution 
system  is  all  that  is  given  unless  otherwise  noted.  To  this  cost  must  be  added 
an  amount  per  capita  of  trom.  $15  as  a  minimum  to  $40  or  $50  as  a  maximum. 
In  cities  where  there  are  no  deep  wells  nor  expensive  pumps  to  install,  the  cost 
would  run  in  the  neighborhood  of  $15  or  $20. 

Table  II. — Cost  of  Small  Water  Distribution  Systems  in  1919 

Expenditure, 
Town  State  Population  per  capita 

Oneida.  S.  D 150  $200. 00» 

St.  Clair  Beach,  Mich 200  approx.  60. 00 

Ladora.  Iowa 260  58.50 

Waconda,  S.  D 326  92.  50* 

Garber,  Okla 382  59. 00 

Pretty  Prairie,  Kans 327  97.  50 

Menno,  S.  D 621  56.  30 

Foley,  Minn 710  56.  30 

Hettinger,  N.  D 766  35. 00 

Dexter,  la 767  47. 00 

Townsend,  Mont 759  39.  60 

Wendell,  N.  C 759  47.30 

Orem.  Utah 800  125.00* 

Markesan,  Wis 892  61.50 

Walker,  Minn 917  27. 80 

Fairmount,  Neb 921  37. 00 

Grand  June.  la 1,012  40.00 

Ferndale.  Mich 1 ,070  79.  00* 

Spearfish,  S.  D 1 ,  130  44. 00 

Spirit  Lk.,  la 1 ,  162  45.  50 

Roundup,  Mont 1 ,  513  25.  70 

Aiken,  Neb 1.638  24,00 

What  Cheer,  la 1 ,720  29. 00 

Note  that  as  the  size  of  the  city  increases,  the  cost  per  capita  becomes  less 
due  to  a  greater  density  of  population.     KJomplete. 

Costs  of  Small  Water  Works  Systems  in  Massachusetts. — The  following 
data  are  taken  from  an  article  by  Harry  R.  Crohurst  published  in  Engineering 
and  Contracting,  May  26,  1915. 

Table  III. — Cost  per  Capita  of  Small  Water  Works  Systems 

Total  cost 
of  water     Cost  per 
Population       works  capita 

Ashland 1700  $  46.034  $27 

East  Brookfield 2204  23.927  11 

Littleton 1229  45.896  37 

Medway 2696  100.032  37 

PeppereU 2953  105.451  36 

Oxford 3361  57. 539  17 

Wrentham 1743  50,683  29 

The  system  at  Ashland  was  constructed  in  1911  and  consists  of  twelve 
2>^-in.  driven  wells  varying  in  depth  from  25  to  32  ft.  with  an  average  depth 
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of  30  ft.,  a  small  field  stone  pumping  station  25  X  33  ft.  in  plan  with  a  red 
asbestos  shingled  roof,  and  a  pumping  plant  consisting  of  two  17-HP.  oil 
engines  and  two" 7  X  8-.in.  Smith- Vaile  triplex  pumps. 

The  distribution  system  consists  of  a  covered,  reinforced  concrete  standpipe 
40  ft.  in  diameter  and  32  h.  high  with  a  capacity  of  300,000  gals.,  and  6Vi 
miles  of  cast-iron  mains  varsring  from  12  to  6  ins.  in  diameter.  On  the  system 
there  are  66  gates  and  52  hydrants,  and  the  number  of  services  connected  at 
the  end  of  the  year  1913  was  250,  all  of  which  were  metered. 

In  laying  out  the  system  no  unusual  conditions  were  encountered,  and  no 
large  amount  of  rock  was  foimd  with  the  exception  of  the  main  leading  to  the 
standpipe.  • 

The  cost  of  constructing  the  system  to  the  end  of  the  year  1913,  not  includ- 
ing service  connections,  as  given  in  the  1913  report  (rf  the  Board  of  Water 
Commissioners  was  as  follows : 

Bond  issue S         55  22 

Land 1.710.38 

L^al  expenses^. 122.  65 

Office  expenses 74. 76 

WeDfl 1,266.80 

Pumping  station 2, 122.  96 

Pumps  and  engines 4 ,  358.  20 

Standpipe 5,812.00 

Mains: 

Pipe r $15, 116.  38       

Gates,  hydrants,  specials >. 2 ,  579.  32       

Laying  pipe 9,369.86       

Freight,  express  and  miscellaneous 1 .  160.  62  28. 226. 18 

Engineering 2.285  20 

$46,034  34 

During  the  year  1913  the  average  daily  consumption  of  water  was  20,000 
gals.,  or  about  12  gals,  per  capita,  one  of  the  lowest  consumption  figures  in 
the  state. 

The  cost  of  operating  the  works  during  1913  was  as  follows: 

Pumping  plant $       77. 95 

Service  repairs 27.  74 

Pipe  repairs 262. 17 

Fuel 198. 73 

Wages 865. 00 

Office  expense 62.91 

Interest  on  bonds 2,000. 00 

Miscellaneous 27. 37 


$3,521.87 


From  the  above  consumption  and  cost  of  operation  the  cost  of  supplying 
1.000  gals,  of  water  was  48  cts. 

The  source  of  supply  of  East  Brookfield  is  from  the  shore  of  Lake  Lashaway , 
or  Furnace  Pond,  just  north  of  the  village.  The  wells  are  located  on  the 
westerly  shore  and  the  water  which  is  taken  from  a  stratum  of  coarse  water- 
bearing gravel  Is  pumped  through  1,325  ft.  of  6-in.  main  to  the  standpipe 
from  which  it  is  distributed  by  gravity. 

The  system  installed  in  the  fall  of  1908,  consists  of  twelve  2^-in.  tubular 
wetls  varying  in  depth  from  19  to  24  ft.,  a  small  brick  pumping  station  24  X 
30  ft.  in  plan  with  a  slate  roof,  and  a  pumping  plant  consisting  of  two  8-HP. 
oQ  engines  and  two  5}^  X  8-in.  triplex  pumps  each  having  a  capacity  of 
100  g^.  per  minute. 
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The  distribution  system  consists  of  a  covered  wrought-iron  standpipe  25  ft. 
in  diameter  and  50  ft.  iiigh  with  a  capacity  of  185,000  gals.,  and  about  2.6 
miles  of  capt-iron  mains  12  to  6  ins.  in  diameter.  On  the  system  at  the  time 
of  examination  there  were  80  services  and  32  hydrants. 

The  cost  of  constructing  this  system,  not  including  service  connections, 
was  as  follows: 

Wells $       667. 72 

Pumping  station 1 ,  627. 70 

Pumping  plant 3,050. 00 

,         Standpipe 3. 150. 00 

Mains: 

Pipe $8,480.40 

Hydrant,  gates,  specials 1 ,  357.  60     

Laying  pipe 3,009.90  12,847.90 

Engineering  and  inspection 1 ,  384. 07 

Bills  payable 1,300.00 

$23,927.39 

The  water  works  system  of  Littleton  was  constructed  in  1911  and  consists 
of  nine  2^^-in.  driven  wells  varying  in  depth  from  17  to  27  ft.,  a  brick  pumping 
station  with  a  slate  roof  35  X  25-ft.  in  plan,  and  a  pumping  plant  consisting 
of  a  25-HP.  oil  engine,  a  25-HP.  motor  and  a  7^2  X  10-in.  triplex  pump. 

The  distribution  system  consists  of  a  covered  steel  standpipe  40  ft.  high  and 
30  ft.  in  diameter  having  a  capacity  of  275,000  gals.,  and  5.7  miles  of  12  to 
6-in.  cast-iron  mains.  On  the  system  are  17  g^tes,  37  hydrants,  and  130 
metered  services. 

The  cost  of  installing  the  system,  not  including  the  cost  of  service  connec- 
tions, is  given  in  the  1912  report  of  the  Board  of  Water  Commissioners  as 
follows: 

Wells $       431.  31 

Pumping  station 2 ,929. 00 

Pumping  plant 3,735. 00 

Standpipe 3,938.00 

Land  and  right  of  way 1 ,  575. 83 

Mains: 

Pipe $19,036.  88       

Gates  and  hydrants 1 ,  175.  00       

Express  and  freight 93. 42       

Laying  pipe 8, 728. 04       

Setting  hydrants 74. 00       

Rock  excavation 1 ,  225. 00       

Miscellaneous 954. 47  31 ,286. 81 

Engineering 2 ,000. 00 

$45,895.95 

The  cost  of  operating  the  Littleton  works  for  the  year  ending  March  1, 

1913,  was  as  follows: 

Salaries $     580.  00 

Supplies 1 16.  66 

Fuel  oU 219.  77 

Expenses 8.15 

Freight 39. 15 

Repairs 25.  38 

Miscellaneous 42. 85 

Rent 36. 00 


$1,067.96 


The  water  works  system  of  Medway  was  built  in  1911  and  1912  and  con- 
sists of  30  2^^-in.  wcdls  varying  in  depth  from  32  to  75  ft.,  each  provided 
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with  a  3-ft.  strainer  point,  a  pumping  station  40  X  20  ft.  in  plan  of  terra  cotta 
blocks  with  cement  plastering  inside  and  out  and  having  a  wooden  truss  roof 
covered  with  slate,  and  a  pumping  plant  consisting  of  two  32-HP.  oil  engines 
and  two  triplex  single  acting  pumps.  This  plant  was  tested  Sept.  11.  1911, 
by  running  both  engines  together  for  11  hours  successively.  The  economy 
test  showed  nearly  8,000  gals,  pumped  to  1  gal.  of  oil.  The  cost  of  oil  taken  at 
6  cts.  ])er  gallon  at  the  station  shows  a  fuel  cost  of  H  ct.  per  1,000  gals, 
pumped  into  the  standpipe. 

The  distribution  system  consists  of  a  steel  standpipe  30  ft.  in  diameter  and 
80  ft.  high  with  a  capacity  of  437.000  gals.,  and  12.35  miles  of  cast-iron  mains 
12  to  4  ins.  in  diameter.  On  the  system  there  are  87  gates,  111  hydrants  and 
338  service  connections  which  are  only  a  part  of  the  final  number. 

The  cost  of  these  works  up  to  Feb.  1, 19JL3,  not  including  service  connections, 
was  as  follows: 

Preliminaty  examination $     2 ,  750. 00 

Le«al  bond  issue 944. 95 

Land 1 , 303 . 65 

Wells  and  connections 4 ,  650. 00 

Pumping  station 3,632. 00 

Pumps  and  engines 7 ,  650. 00 

Standpipe 8, 800. 00 

Standpipe  foundations 2 ,  325. 00 

Pipe  and  laying $52, 142. 85 

Gates 1,454.00 

Hydrants 3,885.00 

Freight 92. 12 

Rock  excavation 5,000. 00 

River  crossing 1 ,000. 00 

Repairs  to  roads 1,500.00         65,073.97 

Engineering 3,002.40 

$100,031.97 

The  above  figures  were  taken  from  the  engineer's  final  estimate  of  the  cost 
of  all  of  the  works. 

At  the  present  time  record  of  the  quantity  of  water  supplied  cannot  be 
obtained.     The  cost  of  operating  the  works  during  1912  was  as  follows: 

Administration $     631. 98 

General  expense 71. 17 

Interest  on  bonds 4 ,  325. 40 

Pammng  sation — 

Fuel  oU 379. 43 

Cylinder  oil 37.  81 

Labor 818.90 

Coal 56.  55 

Suppfiear 94.  49 

$6,415.73 

The  water  worlcs  system  of  Pepperell  was  constructed  during  the  summer 
of  1910. 

The  source  of  supply  is  from  wells  located  near  Gulf  Brook  just  south  of  the 
Massachusetts  and  New  Hampshire  State  line  about  three  miles  north  of  the 
tofwn. 

The  works  consist  of  34  2>^-in.  wells  having  an  average  depth  of  25  ft.,  a 
brick  pumping  station  30  X  20  ft.  in  plan  with  a  slate  roof,  and  a  pumping 
plant  consisting  of  two  25-HP.  oil  engines  and  two  8  X  10-in.  triplex  pumps 
each  having  a  capacity  of  250  gals,  per  minute. 

The  distribution  system  consists  of  a  covered  steel  standpipe  45  ft.  in 
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diameter  and  40  ft.  high  having  a  capacity  of  about  475,000  gals.,  and  16.42 
miles  of  12  to  6-in.  cast-iron  mains.    On  the  system  are  130  hydrants. 

The  cost  of  these  worlds,  not  including  service  work,  taken  from  the  special 
1910  report  of  the  water  conunissioners.  was  as  follows: 

Bond  issue $         154. 35 

Wells 2,544.37 

Pumping  station 2, 852. 38 

Land  for  station  and  wells 760.  00 

Standpipe 6,728. 98 

Land  for  standpipe 600. 00 

Endues  and  pumps 6,062.  52 

Mains — 

Pipe  and  fittings $49,069. 34 

Laying 24,877. 13 

Hydrants 3,033.80 

Valves,  gates,  specials 2, 288.  69 

Freight. 1 ,099.  66 

Inspection  of  pipe 270.  86 

Miscellaneous 1 ,  188. 44         81,767. 91 

Engineering , 4,000. 00 

$105,460.51 
The  total  consiunption  of  water  for  the  year  1912  was  40,282,000  gals. 

which  is  equivalent  to  an  average  daily  consumption  of  110,000  gals,  or  37 

gals,  per  capita. 

The  cost  of  operating  the  system  for  1912  is  given  as  follows: 

Maintenance $2, 728.  36 

Services 657.  84 

Piping  system 341 .  15 

Meters 65.  73 

Interest 5,080.00 

$8,873.08 

The  source  of  supply  of  the  Oxford  Water  Works  is  from  driven  wells  near  a 
small  brook  flowing  into  the  French  River  near  North  Oxford. 

The  water  works  system  was  constructed  in  1906  and  consists  of  8  2^i-in. 
wells  varying  in  depth  from  23  to  28  ft.,  a  brick  pumping  station  26  X  26  ft. 
in  plan  and  a  pumping  plant  consisting  of  two  oil  engines  and  two  triplex 
pumps. 

The  distribution  system  consists  of  a  steel  standpipe  27  ft.  in  diameter  and 
50  ft.  high  having  a  capacity  of  220,000  gals.,  and  9.7  miles  of  cast-iron  mains 
10  to  2  ins.  in  diameter.  On  the  system  are  60  hydrants  and  406  service 
connections. 

These  works  are  privately  owned  and  the  following  cost  figures  are  taken 

from  the  1906  report  of  the  company: 

Preliminary  engineering $       250. 00 

Wells 581.  25 

Station 1,720.00 

Pumping  machinery 3, 200. 00 

Standpipe 4,564. 95 

Foundations 500. 00 

Mains — 

Pipe $28,424. 60 

Hydrants,  valves,  specials  ■ 5,098. 07 

Laying 8,077. 87 

Rock  excavation 927. 96  42,628. 49 

Land 1,425.00 

Engineering 1 ,769. 59 

Miscellaneous 1 ,000. 00 

$57,539.28 
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The  cost  of  operating  the  Oxford  plant  for  the  year  1912  was  as  follows: 

Labor. $    884. 34 

Oil  and  gasoline 710. 32 

Interest  on  notes 913. 63 

Ck>upon8  on  bonds 1 .  250. 00 

Dividends 1,717.60 

Salaries 200. 00 

Repairs 164.  27 

Miscellaneous 268. 07 

$6,108.03 

The  Wrentham  water  works  were  constructed  in  1907.  The  source  of 
supply  is  from  driven  wells  near  the  "  Trout  Ponds,"  so-called,  about  a  mile 
south  of  the  village. 

The  system  consists  of  9  2^^-in.  tubular  wells  having  an  average  depth  of 
29  ft.  The  pumping  station  is  a  briclc  structure  with  a  date  roof,  26  X  36  ft. 
in  plan,  containing  two  26-HP.  oil  engines  and  two  8  X  10-in.  triplex  pumps 
each  having  a  capacity  of  260  gals,  per  minute. 

The  distribution  system  consists  of  a  steel  standpipe  30  ft.  in  diameter  and 
50  ft.  high  having  a  capacity  of  265,000  gals.,  and  5.6  miles  of  cast-iron  mains 
10  to  2  ins.  in  diameter. 

The  cost  of  the  system,  not  including  service  connections  was  as  follows: 

Wells $  1 ,  048.  22 

Pumping  station  above  foundation 1 ,  646. 97 

Engines  and  pumps 5,933. 65 

Standpii>e  above  foundation 5,204. 63 

Foundations  (station  and  standpipe) 1 ,  556.  50 

Mains — 

Pipe $21 ,002.  62 

Hydrants 969. 68 

Specials 1,216.57 

Laying 9,410.39 

Bridge  crossing 196. 18  32,793. 44 

Engineering 2,500.00. 

$50,683.31 

The  above  figures  are  compiled  from  the  1907  report  of  the  water 
commissioners. 

Reports  from  66  Cities  on  Pttrnpage,  Meterage,  Repairs  and  Renewals, 
and  Depreciation. — Information  on  certain  phases  of  water  works  operation, 
concerning  which  there  is  considerable  diversity  of  opinion,  has  been  collected 
by  Engineering  and  Contracting  and  published  in  the  issue  of  May  8,  1918. 
Table  IV  contains  a  summary  of  the  replies  to  a  questionnaire  sent  to  water 
works  superintendents.  Of  the  66  cities  represented  in  the  table,  63  report  on 
pump  capacity  and  output  of  pumps.  The  total  daily  pumping  capacity 
of  these  cities  is  1,500,000,000  gal.  and  the  daily  average  output  averages 
about  823,000,000  gal.  or  a  ratio  a  little  less  than  2  to  1.  Excluding  Chicago 
with  its  daily  pump  capacity  of  923,000,000  gal.  and  the  remaining  62  cities 
have  a  daily  pump  capacity  of  683,000,000  gal.  and  a  daily  average  output 
of  192.000,000  gal.,  or  a  ratio  of  3  to  1.  Of  the  66  cities  57  reported  the 
per  capita  water  consumption.  The  arithmetical  average  consumption  for 
37  cities  having  more  than  69  per  cent  of  their  services  metered  was  slightly 
less  than  70  gal.  per  capita.  The  average  per  capita  consumption  for  the  22 
dties  with  less  than  56  per  cent  of  their  services  metered  was  133  gal. 

Fifty-seven  cities  reported  on  maintenance  expenses  of  their  water  works. 

The  total  investment  was  $133,600,000  or  about  $30  per  capita  and  the  total 

maintenance  expense  for  the  last  recorded  year  was  $2,236,000  or  about  1.7 

per  cent.    The  average  depreciation  annuity  for  34  plants  was  2.9  per  cent. 

22 
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Per  C«nt  of  Vktat  Works  Pluil  CbufBd  to  Piie  Pn>l*elloii.—Curve8  baaed 
on  public  utlllt;  decUiona  have  bean  found  useful  b;  Chestei  A  Fleming. 
CoOBulting  Engineera.  Pittsburgh,  as  a  guide  to  show  what  portion  at  water 
chargea  ^ould  be  allocated  to  fiie  service.  The  diagrams  prepared  by  the 
above  menlloned  fiim  were  reproduced  in  Engineering  and  Contracting, 
May  14,  1919,  from  wblch  paper  tbe  following  is  lakeu.  Each  curve  Is 
platted  from  24  decisions  for  plants  having  a  value  above  S50.000  and  gross 
revenues  from  tS.OOO  to  (100.000  per  year.  Tbe  decisions  from  which  these 
curves  were  prepared  are  shown  lu  the  table,  each  division's  place  In  the 
diagnni  beiDg  indicated  by  Kb  number  given  In  Table  V. 

The  diagroniB  are  self  enplanatory.  For  instance.  In  Fig,  S.  there  appears 
at  the  bottom  the  gross  revenue  from  plant  operation.  At  the  left  of  tbe 
diagram  appears  the  armual  revenue  from  Bre  protection  in  dollars,  which 
permits  the  location  on  the  face  of  the  diagram  at  Its  proper  point  each 


Fia.  9.— Annual  charge  for  fire  urvlFe  by  water  works  plant. 

decision  and  through  these  decisions  the  line  of  average  Is  drawn,  ami  so 
knowing  the  gross  revenue  from  plant  operation  one  may  readily  obtain  what 
the  declaiona  plotted  would  Indicate  would  be  the  fair  amount  of  the  groaa  to 
be  derived  from  tbe  municipality  as  compensation  tor  flie  protection. 

Fig.  10  Instead  of  stathig  the  umual  revenue  from  flre  protection  in 
doUare.  tabulates  the  percentage  of  gross  reveaue. 

Fig.  II  deals  with  the  value  of  the  plant  as  fiied  by  tbe  Commfaelon  in  |ta 
relation  to  the  revenue  from  flre  protection  In  dollars. 

Fig.  12  deals  with  the  value  of  the  plant  as  fixed  by  tbe  Commission  with 
relation  to  the  percentage  of  the  plant  chargeable  to  flre  protection. 

By  plotting  the  curves  which  represent  the  average  of  ttie  dedslona,  the 
average  result  may  be  found  within  tbe  limit  of  these  declsloika,  and  by  utUlz- 
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Fia.  10. — PercenUEe  o(  revenue  to  be  derived  from  Hre  protection  by  n 
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Table    IX. — Subdivision  of    Cost  op  Water  Wobks  Pbopebties  in  Pbb 

Cent  of  Repboduction  Cost  of  Pbopbbtt 

(Including  therein  eng^neerinis  and  contingencies,  organisation  and  interest 
during  construction;  excluding  going  value  and  franchise  and  other  intangible 
values.) 

(Courtesy  of  Mr.  Morris  Knowles) 

^'S  ^  -0  „         JO© 

1.  Supply 540,372  301,919  132,283  106,170 

2.  Pumping (28)  (29)  ( 30)  (31 

3.  Reservoirs 0.3         ....  1.5  1.2 

4.  Distribution  system 18. 7         14.  2         30.  6         22.  2 

5.  Filter,  etc 8.6         11.0  1.5  5.2 

C.  Real  estate,  water  rights  and  rights  of 

way 36.  8         34.  8         38.  5         49.  6 

7.  Organisation 29.  6         36. 8         13.  5         19.  4 

8.  Construction 6. 1  3.2         14. 4  2.4 

100.0%   100.0%  100.0%   100.0% 

Cost  of  Baltimore  High-pressure  Fire  Service  System. — The  following 
table  giving  the  construction  costs  of  the  Baltimore  high-pressure  fire  service 
system  is  taken  from  an  abstract  in  Engineering  and  Contracting,  April 
16,  1913,  of  a  paper  by  James  B.  Scott  before  the  American  Society  of 
Mechanical  Engineers. 

TaBLX     X. CONSTBUCTION     CoST     OF    THE     BaLTIMOBE   HiqH-PBESSUBB  FiBB 

Sebvice  System 

Portable  Equipment. 

2  automobile  hose  wagons  at  $5,000 f       10, 000 

8,000  ft.  3-in.  hose  at  $1 8,000 

30  portable  heads  and  regulators  at  $385 11 ,  550 

Total f       29, 550 

Pipe  System 

Material  delivered  Baltimore 

Hydrants,  226  at  $100 $       22,600 

8-m.  pipe.  7,137  ft.  at  $2.35 16,700 

10-in.  pipe,  28,229  ft.  at  $3.10 87,700 

Ift-in.  pipe.  17.052  ft.  at  $5.25 89, 600 

24-in.  pipe.  1,276  ft.  at  $10 12,750 

8-in.  gate  valves, '6  at  $100 600 

lO-in.  gate  valves,  193  at  $130 25,000 

IG-in.  gate  valves,  90  at  $210 18,900 

18-in.  gate  valves,  2  at  $300 600 

24-in.  gate  valves,  3  at  $1,000 3 ,000 

Air  and  relief  valves 200 

Low  pressure  gates,  2  30-in 500 

Suction  pipe.  400  ft.  cast  iron,  30-in.,  at  $4 1 ,  600 

Steel  air  chambers,  2  30-in.,  at  $600 1 ,000 

Venturi  meter '. 500 

Cast  steel  specials. *. 17 ,  500 

$     298,750 


348  HANDBOOK  OF  CONSTRUCTION  COST 

Installation 
Laying  pipe,  including  placing  valves,  fittings,  hydrants,  etc. 

8-in.  pipe,    7,137  ft.  at  $0.  70 $         4 .996 

10-in.  pipe,  28,229  ft.  at    0.  75 21  200 

16-in.  pipe,  17,052  ft.  at    1. 15 19.600 

24-in.  pipe,     1,275  ft.  at    1.  75 2,230 

Pump  connections  in  station 6,000 

Laying  30-in.  c.  i.  suction 3 ,  400 

Tapping  40-in.  main 1 ,  500 

Concrete  valve  boxes,  293  at  $30 8,790 

Excavation,  back  filling  and  rubble  paving 

41,318  ft.  open  trench,  at  $3.84 158. 600 

12,375  ft.  tunnel,  at  $4.08 50,400 

Iniproved  paving,  6,650  sq.  yds.,  at  $1.50 10.000 

Superintendence,  use  of  tools,  etc 60 ,  000 

$  336,716 

$  635.466 
Pumping  Station 

Site  and  preliminary  work $  37, 730 

Building,  including  machinery  foundations  and  men's  quarters.  .  124,800 

Harbor  intake  and  screen  chamber 10,000 

Equipment 

Four  4,000-gaI.  pumps $  82,000 

One  1,000-gal.  pump , 3, 500 

Auxiliary  pumps 4 ,  250 

Feedwater  heaters  and  purifiers 4 ,  750 

4  boilers  and  settings,  27,200  sq.  ft.  heating  surface 33.000 

16  underfeed  stokers,  blowers,  air  piping,  etc 18,000 

4  steel  stacks  and  supports 8,000 

Coal  handling  apparatus 7,000 

Turbo-generators  and  switchboard 4 ,  600 

Electric  crane 4 ,000 

Steam  and  auxiliary  water  pipping 30 ,  000 

$  199.000 

$  371,530 
Miscellaneous 

Signal  system,  cables,  etc $  1 ,  500 

Furnishings  for  men's  quarters 500 

Incidentals 5,000 

$  7  000 

Engineering 50,000 

Total  cost  of  construction $1 ,  093 ,  546 

The  following  analysis  of  operating  expenses,  for  electric  pumps  and  steam 
pumps,  was  an  additional  argument  for  the  use  of  steam  pumps  for  the 
Baltimore  installation. 

Electric  Pumps  (New  York  Type) 
Investment 

5  motor  driven  pumps   (rated  capacity  3^000  gals,  per  min.), 

switchboard,  etc $112, 500 

Building  and  pump  foundations 84 ,  000 

196.600 
Operation 
Maintaining  pressure  continually  8,760  hr.  less  100  hr.  » 

8,660  hr.  at  100  kw 866,000  kw-hr. 

Fire  service,  100  hr.  per  annum  3,150  kw.  demand 315,000  kw-hr. 

1,181,000  kw-hr. 
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Service  charge,  maximum  demand  «  3,150  kw. 

Central  station  investment,  3,150  kw.  at  $75 $236,000 

Underground  cable  (Baltimore  conditions) 40,000 

Cash  requirements 236,000 

Underwriting  at  90 31 ,  000 

Total  investment $307 ,  000 

Fixed  charges  on  $307,000 

Interest at  5  per  cent 

Depreciation at  5  per  cent 

Profit at  5  per  cent 

Total 15  per  cent  $  46,000 

Underground  conduits,  duct  rental  (Baltimore  conditions) ^    1 ,300 

Total  service  charge $  47, 300 

Operating  expenses 

Service  charge $  43 ,  700 

Meter  charge,  1,181,000  kw-hr.  at  1  ct 11 ,810 

Salaries,  station  operating  force 10, 650 

Supplies,  lubrication  and  repairs 1 ,  000 

$  67.160 
Fixed  charges  on  $196,500 

Interest  at  4  per  cent $     7 ,  860 

Depreciation  at  5  per  cent 9 ,  825 

$  17,685 

Total  annual  expense,  electrical  plant $  84 ,  845 


Steam  Pump* 
Investment 

Four  4,000-gaI.  pumps  and  auxiliaries $  86,0(X) 

Boilers  and  auxiliaries ^    70,000 

Piping,  steam  and  auxiliary  water 30 ,  000 

$186,000 
Building  and  machinery  foundations 125,000 

$311,000 

Operation 

Coal  consumption 

Banking  fires,  8,760' hr. — 

100  hr.  =  8.660  hr.  =  360  days  at  6  tons  per  day 2,160  tons 

Fire  service.     100  hr.  per  annum  a];  5  tons  coal  per  hour 500  tons 

Total 2,660  tons 

Operating  expenses 

Coal.  2,660  tons  at  $3.30 $     8,778 

Salaries,  station  operating  force 13 ,  350 

Supplies,  lubrication  and  repairs 2 .  000 

$  24  128 
Fixed  charges  on  $311,000 

Interest  at  4  per  cent $  12 ,  440 

D^recnation  at  5  per  cent 15, 550 

$  27,990 

$  52,118 
Summary 

Total  annual  expense,  electrical  plant $  84,845 

Total  annual  expense,  steam  plant 52, 118 

Total  annual  saving $  32,727 

This  saving  capitalized  at  9  per  cent  represents  an  investment  by  the  city 
of  $363,630,  considerably  more  than  the  first  cost  of  the  steam  plant  in  the  above 
comparison. 
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Operating  Costs  of  Water  Works  Per  Million  Gals,  and  Per  Capita. — ^Elngi- 
neering  and  Contracting,  Jan.  28,  1914,  gives  the  following  from  a  report  on  an 
investigation  of  tlie  municipal  water  works  at  Lorain,  Ohio,  by  Philip  Bm^ess. 

Table   XI. — Annual  Operating   Costs  of   16  Water  Works   Properties 

Annual  operating  cost 
Total  Per 

popu-        1,000,000  Per 

City  Dates         lation  gals.  capita 

Ashland,  Wis 1904-09  12, 150  $36. 23  $1. 25 

Manitowoc,  Wis 1907  13, 400  47. 76  1.  32 

JanesviUe.  Wis 1909  13,800  49.96  1. 30 

Beloit.  Wis 1908  14, 100  23.  35  1. 02 

Chillicothe,  0 1908-12  14,500  .....  1.00 

Marinette,  Wis 1909-10  14,650  26.17  1.09 

Private  Water  Co.  in  Arkansas . . .  1908-12  15,400           1.  67 

Elyria,  0 1910-12  15,500  34.88  1.47 

Appleton,  Wis 1909  16, 700  36. 73  1.  29 

Fond  duLac,  Wis 1907  17,800  20. 31  0.  77 

Eau  Claire,  Wis 1907  18,650  18.24  0.71 

Private  Water  Co.  in  Western  Pa.  1905-10  22,570  40.45  1. 17 

Green  Bay,  Wis 1907  24,000  48.  56  0.  90 

Battle  Cr.,  Mich 1908-12  25,270  26.20  0.72 

Madison,  Wis 1908-12  25,460  49.70  1.28 

Sheboygan,  Wis 1908  25, 500  24.  74  0.  77 

Lorain,  0 1900-10  22,070  23.72  1.17 

Average  of  16  cities  above 18,090  34.  51  1. 10 

The  costs  shown  include  true  operating  costs  exclusive  of  extraordinary 
expenses  such  as  are  incurred  by  extensions  or  replacements. 

Cost  of  Setting  35,000  Water  Meters  at  San  Francisco. — The  following  data 
are  given  by  George  W.  Pracy,  Ass't.  Sup't.  Spring  Valley  Water  Co.  in 
Engineering  News-Record,  May  9, 1918. 

During  portions  of  1916  and  1917  the  Spring  Valley  Water  Co.,  which 
supplies  the  city  of  San  Francisco  with  water,  installed  24,993  meters,  prac- 
tically all  of  ^^-in.  size,  with  marked  effect  in  reducing  water  consumption. 
Careful  records  of  cost  were  kept. 

In  1915  the  average  daily  water  consumption  of  San  Francisco  was  42,- 
635,  014  gal.,  which  was  in  excess  of  the  developed  supply  and  3,261,229  gal. 
over  that  for  1914.  As  1915  was  the  exposition  year,  with  attendant 
extraordinary  water  uses,  it  was  confidently  expected  that  1916  would  see  a 
decrease  in  the  use  of  water.  Wheninstead  the  first  four  months  of  that  year 
showed  a  substantial  increase  the  problem  of  adding  to  or  restricting  waste 
was  squarely  put  before  the  company. 

On  May  1,  1916,  water  was  supplied  through  65,000  service  connections  of 
which  about  22,000,  or  34  % ,  were  metered.  These  meters  were  all  on  business 
houses.  All  dwellings  were  on  a  flat-rate  basis.  The  company  felt  that  the 
metering  of  these  flat-rate  services  was  not  only  the  most  economical  but  also 
the  best  way  of  meeting  the  situation.  Accordingly  in  May,  1916,  an  order 
was  placed  for  15,000  5i-in.  meters,  with  the  option  of  purchasing  a  second 
15,000  at  a  later  date,  a  total  of  30,000  meters  being  purchased. 

For  local  reasons  it  was  decided  to  meter  only  those  consumers  whose 
monthly  bills  were  $1.80  or  more.  This  made  the  work  of  setting  the  meters 
harder  and  more  costly  than  metering  all  houses.  All  meters  were  set  at  the 
curb. 

Organization. — The  field  work  was  done  by  two  crews.  For  the  first  month 
each  crew  consisted  of  a  foreman  and  about  30  men.  The  crews  were  later 
cut  down  to  12  to  15  men.    The  two  foremen  were  under  the  general  foreman 
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of   the  service  and  meter  department.    A  Ford  truck  and  a  Ford  wagon 
delivered  the  meters,  boxes  and  other  material  on  the  gromid. 

Method  of  Setting. — The  meters  were  delivered  to  the  meter  shop  by  the 
manufacturers.  There  they  were  taken  out  and  tested.  A  testing  machine 
of  six-meter  capacity  was  used.  Each  meter  was  tested  for  a  lO-cu.-ft.  flow 
at  the  rate  of  15  gal.  per  minute.  Meters  reading  from  99  to  100  %  correct  were 
set.  Those  reading  imder  99  or  over  100%  were  sent  to  the  bench  for  adjust- 
ment.   After  testing,  the  meters  were  piled  up  ready  for  delivery  to  the  job. 

The  meter  boxes  were  delivered  f.o.b.  cars  at  San  Francisco.  Thence  they 
were  hauled  to  the  yard,  where  they  were  stacked.  The  other  material  was 
d^vered  at  the  yard  by  the  various  manufacturers. 

A  large  tool  box  mounted  on  wheels  was  kept  in  the  locality  at  which  each 
crew  was  working.  At  this  tool  box  was  kept  about  half  a  day's  material 
for  the  crew.  This  enabled  the  crews  to  start  work  at  8  a.m.  and  continue 
till  the  truck  arrived. 

The  Fords  were  sent  out  each  morning  with  the  material  needed  for  the  day. 
They  also  moved  the  tool  boxes  along  as  the  work  progressed.  The  material 
was  delivered  from  the  tool  boxes  to  the  houses  by  one  man  using  a  wheelbar- 
row. Meterset  orders  were  written  in  the  main  office  and  given  to  the  general 
foreman,  who  routed  them  and  gave  them  to  each  gang  foreman.  The  gang 
foreman  in  turn  had  a  man  who  took  these  orders  and  went  ahead  of  the  crews 
measuring  up  stad  marking  out  the  services  that  were  to  be  metered.  The 
marking  was  done  by  chalk  on  the  sidewalk  or  curb.  This  man  was  followed 
by  the  laborers,  who  excavated  down  to  the  service  and  stopcock.  If  the 
met^*  was  to  be  set  in  the  concrete  sidewalk  a  piece  about  2  ft.  square  was 
first  broken  out.  In  lawns  the  sod  was  carefully  taken  out  and  set  aside. 
The  laborers  were  followed  by  the  servicemen,  who  set  the  meter.  The 
servicemen  were  then  followed  by  other  laborers  who  set  the  concrete  boxes 
and  filled  in.  In  concrete  sidewalks  the  laborers  just  filled  in,  the  repaving 
being  done  by  a  contractor.  A  team  followed  to  dean  up  and  haul  away  the 
debris. 

For  each  liole  made  in  a  paved  sidewalk  an  order  was  filled  out  and  sent  to 
the  paving  contractor.  This  order  specified  the  location,  kind  of  paving  and 
size  of  opening. 

Each  serviceman  was  provided  with  a  pad  on  which  he  wrote  the  number 
and  location  of  the  meter  as  it  was  set,  using  a  new  sheet  for  each.  These 
were  collected  by  the  foreman,  who  checked  each  one  and  entered  the  inf orma- 
ticm  on  the  orders.  The  servicemen  could  not  make  the  original  entry  direct 
into  the  meter-set  orders,  as  it  was  necessary  to  keep  them  clean.  The  orders 
were  then  sent  to  the  clerk  at  the  yard,  who  made  out  the  paving  orders. 
They  then  went  to  the  main  office,  where  an  account  was  opened  for  each 
meter. 

The  speed  of  the  crews  varied  from  day  to  day,  depending  on  various  con- 
ditions. In  the  old  part  of  the  town,  which  was  burnt  over  in  the  fire  of  1906 
and  where  the  service  records  were  not  always  correct  and  the  services  in  poor 
oonditicm,  the  least  headway  was  made.  In  the  new  residence  districts  the 
work  went  along  rapidly.  The  crews  as  a  whole  averaged  4H  meters  per 
man  per  day,  though  on  some  days  they  set  as  many  as  8  per  man.  Each 
sovioMnan  set  an  average  of  15  meters  a  day.  A  record  was  kept  of  the 
number  set  by  each  man,  and  if  any  serviceman  could  not  keep  up  with  the 
rest  of  the  gang  he  was  dropped.  The  cost  data  for  the  job  are  given  in 
Tables  XII  to  XV. 
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Tabus  XII. — Aybraqb  Cost  of  Installing  24,993  ^-in.  Sttlb  2  Tbidbnt 
Mbtbrs  on  Old  Sbbvicb  Connbctions  at  San  Francisco,  Cal.  Aug.  1, 


1. 
2. 
3. 
4. 
5. 


8. 


2. 
3. 


1916,  to  Apbil  30.  1917* 


-Cost- 


Total  Per  meter 

Labor $21,013.84  $0,840 

Teaming 2.088.89  0.083 

Paving 45,488.48  1.820 

Permits 8,934.00  0.357 

Material 180,750. 16  7. 232 

6.  Tools 1,202.47  0.048 

7.  Miscellaneous 970. 96  0. 039 

Supt.,  warehouse,  etc 4,354. 37  0. 170 


Percentage 

7.90 
0.79 

17.17 
3.37 

68.30 
0.45 
0.37 
1.65 


$264,803.17       $10,589 


100.00 


1.  Labor: 


Fitters,    $3.75.     Laborers.    $2.50.     Eight 
consisted  of  sub-foreman,  five  fitters,  ten 
Set  about  63  meters  per  day.     Meters  set 


Teaming: 
Paving: 


4.  Permits: 

5.  Materials: 


6.  Tools: 

7.  General: 


Sub-Foreman,    $4.25. 
hours.     Average  crew 
laborers  and  one  Ford. 

go*  man  day,  4.25. 
orse-drawn  vehicles,  $1,238.89.     Ford  auto  trucks,  $850. 
Replacing  sidewalks  and  setting  plates  at  25c.  per  square  foot. 
This  charge  applies  only  to  19,524  meters  set  in  sidewalks  and 
becomes,  per  meter  paved,  $2.33. 

Permit  to  open  paved  sidewalks  at  50c.  each.     Applies  to  meters 
set  in  paved  sidewalks  only  at  50c.  each. 

24,993  meters  f.o.b.  yard  at  $5. 95 $149, 238.  55 

Concrete  boxes 88 .'..         5,197.80 

Cast-iron  plates 60  and.  65 10,677.74 

Meter  couplings 16  to  .  19 8,244.27 

Pipe  and  fittings 7,391. 80 

Total $180,760.16 

New  tools  purchased,  $1,149.39.     Tools  repaired,  $53.08. 

Miscellaneous $346.  44 

Carfares 63.  65 

Machine  shop 114.  60 

Stationery 186. 40 

Repair  sewer  vents 170. 83 

Clean  carpets 27. 22 

Replace  lawns 61 .  82 

Total 


$970. 96 

8.  Superintendence,  employees,  insurance,  foreman,  yard  office  (proportion), 
warehouse  expense  (proportion),  auto  (proportion  of  assistant  superintendent's 
and  foreman's  and  all  of  two  sub-foreman's  autoe,  $4,354.37). 
*  A  few  larger  meters  are  included  as  well  as  a  small  amount  of  street  paving 

due  to  having  to  shut  off  at  main  in  some  cases.     These  amounts  are  practically 

negligible. 

Tablb  XIII. — Detailed  Cost  of  Setting  a  M-in.  Meter 

Paved  sidewalks  Unpaved  sidewalks 

Labor $  0. 840  (including  testing)  $0. 840  (including  testing) 


Teaming 083 

Paving 2.330 

Plate 625 


Box 


Permit 500 

Material* 6.  590  (including  meter) 

Tools 048 

Miscellaneous 039 

Superintendent, 
etcf 170 


.083 

.  880  (including  0.03  handling 
car  to  yard) 

6. 590  (including  meter) 
.048 
.039 

.170 


Total $11,225 

•  Meter  at  $5.95  f.o.b.,  Bryant  St.  Yard, 
as  assistant  superintendent. 


$8,650 
t  Departmental  overhead  only 


as  far 
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Approxmiatdy  19,524  meters  were  set  in  paved  sidewalks  and  5,473  meters  in 
unpaved  sidewalks.  In  paved  sidewalks  there  occurs  a  charge  for  permit  to  open 
sidewalk  (S0.50),  replacing  pavement  at  $0.25  per  square  foot,  amounting  in  this 
case  to  $2.33  per  meter  paved,  and  the  cost  of  a  cover  either  concrete  or  iron 
varsring  from  $0.60  to  $0.65  each,  say  $0,625.  In  unpaved  sidewalks  these  costs 
do  not  occur,  but  there  is  the  cost  of  a  concrete  meter  dox  ($0.88).  In  lawn  side- 
walks the  removal  and  replacement  of  sod  b  equivalent  to  the  cost  of  breaking  up 
concrete  walks. 

In  the  following  cost  segregation  only  the  difference  in  paving,  materials  and 
permits  has  been  taken  into  consideration. 


Table  XIV. — Seobbgation  of  Labob  Costs  fob  Metbb  SEmNO 

Hft^iliny  concrete  boxes  and  covers  from  railroad  to  yard $27.  62 

Unloading  meters  from  wagon  to  warehouse 16. 92 

Testing  meters 542. 11 

Installation  of  meters 19, 215. 74 

Replacing  lawns  and  gardens 28. 42 

Miscellaneous  yard  work 118.  62 

Services  of  clerks 562. 09 

Repairs  to  sewers  broken  in  setting  meters 238. 92 

Cleaning  out  sewers 44.  68 

Locating  services  with  wireless  pipe  finder 105. 40 

Rearranging  services 79. 74 

Machine  shop 33.  58 

Total $21 ,013. 84 


Tabub  XV. — Classified  Rates  of  Pat  and  Time  fob  Labob  Used  in  Setting 

Metbbs 


Foreman 

Fitters  

Helpers 

Labortfs .... 

Teamsters . . .  . 

Miscellaneous 

Total 


Itate 

Days  ' 

Hours 

Amount 

$4.25 

447 

$  1,899.75 

3.75 

1,732 

6,495.00 

2.75 

230 

632.50 

8.00 

220 

3 

'661.12 

2.50 

2.347 

6 

5,869.37 

2.75 

1,198 

4 

3,295.88 

3.00 

56 

2 

168.92 

2.75 

63 

4 

174.63 

4.00 

2 

3 

9.50 

3.50 

2 

1 

7.44 

3.25 

4 
3 

1.63 

6,299 

$19,215.74 

Cost  id  Outdoor  Meter  Installations  at  Terre  Haute,  Ind. — The  Terre 
Haute,  Ind.,  Water  Co.,  for  outdoor  meter  installations,  has  been  using  recently 
ft  pit  made  d  two  2V6-ft.  20-in.  vitrified  sewer  pipes  with  a  slot  in  the  bottom 
of  the  lower  one  to  fit  over  service  pipes  laid  some  years  ago  before  the  present 
ndfls  ccmceming  the  depth  of  the  services  were  in  force.  These  pipes  are 
pfDvlded  with  a  Clark  cover  and  coupling  yoke.  The  cover  is  6  in.  high, 
makbig  the  total  depth  of  the  installation  5^^  ft.  The  average  cost  in  1918  of 
m  installation  of  this  type  including  service  pipe  from  the  main  to  the  curb 
WIS  $42.27.  according  to  a  paper  by  Dow  R.  Gwinn,  president  of  the  company, 
in  the  January,  1920,  Journal  of  the  American  Materials  Association  and 
23 
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abstracted  in  Engineering  and  Contracting,  Feb.  1 1,  1920.    The  itemized  cost 
of  tbe  installation  as  given  by  Mr.  Gwinn  is  as  follows: 

Corporation  cock,  %  in , f  1. 09 

Curb  cock,  ^  in 1. 66 

Brass  tail  piece,  5i  in .38 

Extra  strong  lead  service  pipe,  3  lb.  per  foot,  17.1  ft.,  !^  in  3. 72 

Service  box  with  2H  in.  shaft 1 .  50 

Labor,  10.9  hours  at  35  ct 3. 82 

Labor.  2.2  hours  at  40  ct .88 

Drayage f  1 .  25 

City  permits .87 

Overhead  on  tools  and  equipment 1 .  30 

Total  for  services $16.  47 

Empire  meter,  fi  in $12. 00 

Tile,  2 ..^ 3.70 

Clark  cast  iron  cover 2. 75 

Meter  yoke 1 .  50 

Pipe  and  fittings .93 

Cement .37 

Labor,  5  hours  at  35  ct 1.  75 

Labor,  2  hours  at  40  ct .80 

Drayage 2. 00 

Total  for  meter  and  installation $25.  80 

Number  of  Meters  Read  Per  Man  Per  Day. — The  following  data  are 
taken  from  Engineering  and  Contracting,  July  9,  1919. 

Judging  from  a  recent  tabulation  given  in  the  Municipal  Journal,  there  is  a 
wide  range  of  effectiveness  of  meter  readers,  even  where  conditions  seem  to 
warrant  no  such  variation.  Thus  in  Los  Angeles,  with  100,000  "outside** 
meters,  50  per  hour  is  said  to  be  the  average;  whereas  in  Washington.  D.  C.. 
with  61,000  "outside"  meters,  22  per  hour  is  given  as  the  average.  The 
ratio  is  almost  2}i  to  1.  Even  greater  differences  exist  in  other  cities  as  to 
the  number  of  "inside"  meters  read  per  hour. 

The  number  of  meters  read  per  hour  obviously  depends  not  only  upon  the 
efficiency  of  the  men,  but  upon  other  conditions  such  as:  (1)  The  distance 
from  the  office  to  the  place  where  meter  reading  begins.  (2)  The  distance 
apart  of  meters.  (3)  Whether  the  meters  are  inside  or  outside  the  building. 
(4)  Whether  the  readers  walk  or  ride. 

The  following  are  typical  examples  selected  from  the  above  mentioned 
tabulation: 

Cities  Having  Outside  Meters 

Average  num- 

Number  of  ber  read  per 

meters  man-hour 

Alhambra,  Calif 2, 100  29 

Los  Angeles,  Calif 99, 600  50 

San  Diego.  CaUf 15, 169  41 

Pasadena,  CaUf 12,547  38 

Whittier,  CaUf 1 ,951  20 

Washington,  D.  C 61 ,  107  22 

Atlanta,  Ga 33.000  30 

Augusta,  Ga 7, 500  20 

Gadsden,  Ala 2,030  60 

Lewiston,  Ida 1 ,200  38 

Atlantic  City.  N.  J 7,398  40 

Oklahoma  City,  Okla 13,000  28 

Portlant,  Ore 17,588  30 

Memphis,  Tenn 19,734  30 

Knoxville,  Tenn 13,908  67 

Average  for  these  15  cities.  36. 
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Cities  HAYnsra  Inside  Meters 

Average 

Number  of  number  read 

meters  per  man-hoiir 

Hartford,  Conn 15,451  12 

Middleton,  Conn 2 ,  300  11 

Concord,  N.  H 2,676  20 

Elmira,  N.  Y 1 10,032  18 

Syracuse,  N.  Y 28, 133  20 

Solvay,  N.  Y 990  •15-t20 

Worcester,  Mass • 20, 715  14 

Grand  Rapids,  Mich. 24,530  8 

Duluth.  Mich 12,144  15 

Minneapolis,  Minn 60,930  10 

Akron.  0 26,000  28 

Cincinnati,  0 55,000  20 

Dajrton.  O 30, 438  23 

MeadviUe,  Pa 3,376  31 

Willdnsburg.  Pa 15,686  25 

Average  of  these  15  cities,  18. 
'Residence,     t  Business. 

Comparing  the  averages  in  these  two  tables,  it  would  appear  that  twice  as 
many  outside  meters  can  be  read  daily  as  inside  meters. 

Cost  of  Meter  Reading  at  Terre  Haute,  Ind. — In  Engineering  and  Contract- 
ing April  11,  1917.  Jay  A.  Craven  describes  the  methods  employed  in  meter 
reading  at  Terre  Haute,  Ind. 
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Fio.  13. — Section  of  large  routing  map,  showing  typical  route. 

A  brief  outline  of  the  method  is  as  follows.     The  city  is  divided  into  routes 
with  about  200  meters  (to  be  read)  on  each  route.     Individual  cards  for  each 
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meter  are  arranged  in  proper  order  in  a  loose  leaf  book  for  each  route.    At  the 
time  the  meters  are  read,  a  spirit  of  competition  is  aroused  by  having  a  black- 
board record  kept  showing  each  reader  and  the  time  for  completing  each  book 
taken  out.     This  record  is  also  transferred  to  a  more  permanent  form. 
The  following  table  is  made  up  of  data  given  by  Mr.  Craven. 

Table  XVI. — A  Summabt  of  Meter  Reading  Records 

Number  Read         Cost  per 

Month  Total  hrs.    meters  read     Not  read       per  hr.  meter  in  cents 

Sept 288.25  6,617  297  23  1.7 

Oct 254.25  6,805  235  27  1.1 

Nov 243.00  6.676  220  27  1.1 

Dec* 347.10  6,703  258  19  3.7* 

Jan 291.45  6,672  .           235  23  1.6 

Feb 243. 60  6,660  289  27  1.3 

*  Time  shown  only  represents  the  time  the  book  was  out,  and  on  most  of  the 
books,  a  man  accompamed  the  reader  to  sweep  snow  and  assist  in  locating  the 
meters.     The  cost  for  this  month  was  exceptionally  large. 

The  best  record  made  was  an  average  of  54  per  hour  for  4  hours. 

Cost  of  Maintaining  and  Operating  Water  Meters. — Table  XVII  gives  the 
annual  cost  per  meter  for  the  meter  system  at  Reading,  Pa.  for  the  years  1909- 
10,  year  ending  April  1,  1912  and  the  year  1915. 

Table  XVII. — Cost  of  Maintaining  and  Operating  Water  Mbtkrs 

Year  Year  Year 

1909-10       1911-12  1915 

No.  of  meters  in  service 2 ,  795  3 ,  604  4 ,  420 

Av.  cost  per  meter: 

Abandoned  as  scrap $0. 614  $0. 336  .  009 

Clerical  services 455  0. 421  .  310 

Repairs 216  0.160  .275 

Reading 202  0.181  .183 

DeUvering  meter  bills 079  0. 073  .  067 

Stationary  and  supplies 048  0. 089  .  007 

Miscellaneous 003  0. 007         

Total $1,617         $1,267         $0,941 


• 


Cost  of  Meter  Repairs  at  Milwaukee, Wis. — The  following  tabulation  re- 
printed in  Engineering  and  Contracting,  June  6,  1920,  from  the  1919  report  of 
H.  P.  Bohmann,  Superintendent  of  Waterworks  of  Milwaukee,  shows  the 
cost  of  operation  of  the  Meter  Division,  and  the  cost  of  meter  repairs  for  the 
year  ending  Dec.  31,  1919: 

No.  of        Total       Per  meter 
Item  meters  cost       M  to  12  in. 

Repairs — Material  and  labor 18.214  $33,856  SI.  85 

Chargeable  to  consumer 3.985  18,923  4. 74 

Chargeable  to  department 14,229  14,932  1. 04 

Average  cost  of  repairs — based  on  all  meters  in 

service 65.769  33,856  .51 

Net  cost  to  department — based  on  all  meters  in 

service 65,769  18,923  .28 

Net    cost    to    department — based    on    meters 

repaired 18,214  18,923  1.03 

Total  cost  of  operation  for  ail  meters  in  service .  65 ,  769  62 ,  676  .  05 

Less  revenue  received 28 ,  505  ..... 

Net   cost  of   operation   for  total  number  of 

meters  in  service 65, 769  34 ,  170  .  61 
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Effect  of  Meters  on  Consumption  of  Water. — The  effect  of  meters  upon  the 
oonsumption  of  water  is  too  well  know  to  need  further  comment.  This  effect 
is  graphically  illustrated  in  Fig.  14  which  shows  the  daily  number  of  gallons 
used  per  capita  in  the  city  of  Boston  and  the  percentage  of  unmetered  taps 
for  each  year,  1904  to  1916  inclusive.  The  figure  is  taken  from  a  paper  by 
Samuel  E.  KiUam,  Sup't.  of  Pipe  Lines  and  Reservoirs  of  the  Metropolitan 
Water  works  presented  at  the  1917  convention  of  the  New  England  Water 
Works  Ass*n. 
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Fig.  14. — Consumption  per  capita  and  percentages  of  services    unmetered  in 

city  of  Boston. 


Cost  of  A  Water  Leakage  Survey  at  Lancaster,  Pa. — Engineering  and 
Contracting,  June  19,  1912,  gives  the  following  abstract  of  a  paper  presented 
before  the  American  Waterworks  Association  at  their  1912  convention,  by 
F.  H.  Shaw,  consulting  engineer  and  superintendent  of  the  Lancaster  Water 
Works  Department. 

Lancaster  has  a  population  of  about  50,000  people.  The  area  of  the  city 
is  four  square  miles,  about  three  of  which  are  built  up  and  has  a  population  of 
25  per  acre. 

The  city  Is  supplied  with  water  by  a  municipal  plant,  the  first  construction 
dating  back  to  1836.  The  water  taken  from  the  Conestoga  Creek,  a  tributary 
of  the  Susquehanna  River,  is  filtered  and  pumped  into  the  city  against  a  head 
of  250  ft.,  the  supply  being  measured  by  a  Venturi  meter  located  between  the 
filter  i>lant  and  the  pumping  station.     The  distribution  system  is  connecte(^ 
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with  the  pumping  station  by  two  force  mains,  one  30  in.  and  one  36  in.,  each 
being  about  one  mile  in  length. 

The  distribution  system  is  divided  into  high  and  low  service  districts.  The 
low  service  district  contains  about  0.4  of  a  square  mile  and  is  supplied  from  the 
old  reservoir  constructed  in  1836  and  in  1850,  which  has  a  capacity  of  6,000,- 
000  gals.  These  reservoirs  are  filled  at  night  by  pumping  through  the  36-in. 
main. 

The  high  service  district  is  supplied  through  the  30-in.  main  by  direct 
pumping.  The  water  passes  through  a  standpipe  having  a  capacity  of  400,000 
gaLs.  The  distribution  system  consists  of  70  miles  of  pipe  varying  in  size  from 
24  ins.  to  4  ins. 

There  are  about  10,^00  services  in  use,  one-third  of  which  are  metered. 

The  daily  consumption  averages  about  7,000,000  gals.,  varying  between 
5,000,000  and  10,000,000,  with  a  maximum  pumpmg  rate  as  high  as  12,000,000 
for  short  periods.  Assuming  a  population  of  50,000,  this  will  give  a  per  capita 
consumption  of  140  gals,  daily.  This  excessive  consumption  led  to  an 
investigation  of  causes  and  methods  for  correcting  same.  A  general  house- 
house-to  inspection  was  made  during  the  winter  of  1910,  at  which  time  all 
plimibing  was  inspected  for  leakage.  Results  of  this  Inspection  were  recorded 
on  a  card  for  each  property  inspected.  As  a  result  of  this  inspection  the 
yearly  income  from  water  rents  was  increased  $3,500.  The  city  was  then  . 
divided  into  four  districts,  and  a  regular  inspector  appointed  for  each  district. 
A  yearly  inspection  is  made  of  each  house  and  property  owners  are 
compelled  to  repair  all  leaky  fixtures  within  ten  days,  480  cases  beint; 
reported  and  repaired  during  the  last  year. 

During  these  investigations  the  necessity  of  a  systematic  search  for  leakage 
from  mains  became  apparent  and  the  discovery  by  accident  of  a  leak  which  was 
costing  the  city  about  $10,000  per  year,  brought  the  matter  to  a  head  and  the 
necessary  appropriation  was  made. 

The  survey  party  was  organized  from  employes  of  the  water  department, 
a  foreman  who  had  been  in  the  department  for  twenty  years  being  placed  in 
charge  of  the  work.  The  party  worked  nine  hours  per  day  and  was  compelled 
as  follows: 

Organization: 

Foreman,  per  day $  3.  00 

Single  team  and  working  driver,  per  day 2 .  50 

Three  laborers,  at  $1.80  per  day 6.  40 

Total  cost  per  day $10,  90 

Outfit: 
One  4-in.  meter  with  2J^-in.  connections  on  truck. 
One  H  in.  meter. 
One  pressure  gauge. 
Two  25-ft.  lengths  2H-in.  fire  hose. 
250  ft.  2}^-in.  galvanized  pipe. 
One  small  tool  box. 
Picks,  shovels,  wrenches,  caulking  tools,  lead,  wool,  etc. 

The  first  st^  in  pr^aring  this  work  was  an  inspection  of  all  valves  and 
repairs  to  same,  placing  them  in  working  order  and  replacing  some  which  could 
not  be  operated.  This  work  was  done  by  the  men  in  the  distribution  depart- 
ment in  advance  of  the  survey.  The  survey  was  started  on  March  6th,  19  n  ^ 
and  stopped  for  the  winter  on  December  13th.  The  method  of  procedure  Mras 
as  follows: 

The  4-in.  meter  was  mounted  on  a  small  4-wheeled  truck  and  the  couhqq. 
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tions  bushed  down  to  2H  iiis.,  with  a  2H-in.  valve  at  inlet  and  outlet.  The 
large  meter  was  by-passed  by  a^-in.  meter  for  use  on  small  flows.  A  pres- 
sure gauge  was  attached  to  the  outlet  end  of  the  large  meter.  The  districts 
tested  had  an  average  area  of  12  acres,  containing  about  80  houses.  The  dis- 
trict to  be  tested  was  shut  oflf  from  the  remainder  of  the  system  by  closing  all 
valves  on  street  mains.  The  meter  was  then  connected  with  a  hydrant  outside 
the  district  by  means  of  a  25-f  t.  length  of  fire  hose.  The  2K-in-  pipe  line  was 
laid  from  the  meter  to  a  hydrant  inside  the  district,  being  connected  with  it  by 
another  short  length  of  hose. 

The  consumption  of  the  district  was  then  measured  for  one  hour,  readings 
being  taken  every  ten  minutes  and  any  reductions  in  pressure  noted.  Any 
considerable  drop  in  pressure  indicates  either  large  leak  or  that  the  district 
is  too  large  to  be  supplied  through  a  2H-in.  pipe.  After  the  consumption  had 
been  measured,  all  connections  were  shut  off  inside  the  houses,  an  inspection 
of  house  plumbing  being  made  at  the  same  time.  A  test  was  then  made  to 
determine  whether  any  street  valves  were  leaking  water  into  the  district  by 
opening  a  fire  hydrant  and  watching  for  any  flow  from  the  opening. 

After  everything  was  shut  off  the  leakage  was  measured  by  the  large  or 
small  water  meter  according  to  the  amount.  This  flow,  if  any,  represented  the 
leakage  from  mains  and  also  from  the  service.  To  locate  the  leaks,  the  streets 
inside  the  districts  were  cut  out  one  at  a  time  by  closing  the  valves  until  the 
leak  had  been  located  between  two  valves,  after  which  it  was  located  by  using 
the  telephone  on  curb  stops,  hydrants  and  on  drills  driven  down  to  the  main. 
After  the  leak  had  been  definitely  located,  it  was  dug  up  and  repaired  by  the 
survey  party  and  the  district  tested  until  found  tight. 

The  work  was  carried  on  for  240  days  at  a  cost  of  about  $11  per  day,  $2,640 
for  the  season,  for  labor.  The  cost  of  lead,  wool,  etc.,  for  repairing  leaks  was 
very  small.  One  hundred  and  eleven  districts  were  tested,  having  a  total 
area  of  1,310  acres,  or  12  acres  per  district.  There  were  approximately  9,000 
houses  in  the  territory  covered.  Following  are  the  leaks  discovered  and 
repaired: 

Residences : 

Cloeeta 20 

Yard  hydrants 10 

Faucets 19 

Service  mains 17 

66 

Street  valves 12 

Fire  hydrants 35 

Street  mains 29  76 

Total 142  leaks 


The  leaks  varied  from  1  to  19  cu.  ft.  per  minute.  The  largest  leak  found  was 
a  3-iii.  elbow  split  wide  open  and  running  at  the  rate  of  205,200  gals,  per  day. 
This  line  had  been  by-passed  aroimd  the  meter  outside  the  building  and  was 
supplying  four  buildings.  In  this  case  the  survey  not  only  stopped  the  leak, 
but  detected  the  illegal  use  of  water.  This  leak  amounted  to  75,000,000  gals. 
per  year,  the  actual  cost  of  furnishing  which  was  $2,812.50,  or  $172.50  more 
than  the  cost  of  the  entire  survey. 

The  total  mileage  of  mains  inspected  was  40.8,  varying  in  size  from  4  ins. 
to  24  ins.  The  total  leakage  record  was  118  cu.  ft.  per  minute,  or  1,271,000 
gals,  per  day.    Using  $37.60  per  1.000,000  gals,  as  the  actual  cost  of  furnish- 
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ing  water  exclusive  of  interest,  the  total  leakage  was  costing  the  city  about 
$17,000  per  year. 

About  one-quarter  of  the  system  remains  to  be  tested,  also  the  20-in.  supply 
main  which  runs  directly  across  the  city.  One  mile  of  36-in.  force  main  laid 
in  1888,  was  tested  by  closing  the  valves  at  both  ends,  and  supplying  it  from 
the  other  force  main  through  a  smaller  meter.  Leakage  was  found  amount- 
ting  to  $2,000  per  year. 

A  comparison  of  the  consumption  before  and  after  the  survey  shows  a  de- 
crease of  10,000,000  gals,  per  month  during  March  and  April,  an  equal  con- 
sumption from  May  to  September,  a  decrease  of  8,000,000  gals,  per  month 
during  October  and  November,  a  decrease  of  24,000,000  gaJs.  during  December 
and  an  increase  of  20,000,000  gals,  during  January,  February  and  March. 
While  the  present  consumption  is  about  equal  to  that  before  the  survey  began, 
the  consumption  for  1911  is  slightly  less  than  for  1910. 

Mr.  Shaw  considers  the  decrease  of  24.000,000  gals,  per  month  shown  in 
December  a  fair  indication  of  the  results  of  the  survey,  as  abnormal  conditions 
existed  before  and  after  this  time,  which  had  a  tendency  to  increase  the 
consumption. 

As  an  investment  he  believes  a  survey  of  this  kind,  which  not  only  locates 
but  repairs  leaks,  is  a  good  one  and  well  worth  following  up  until  one  is  assured 
that  the  distribution  system  is  reasonably  tight. 

Cost  of  Concrete  Siphon  on  the  Los  Angeles  Aqueduct. — D.  L.  Reabum. 
Engineer  Saugus  Division,  Los  Angeles  Aqueduct  gives  the  following  data  in 
an  article  in  Engineering  and  Contracting,  July  3,  1912. 

Whitney  Siphon,  about  28  miles  north  of  Los  Angeles,  has  a  slant  length  of 
955  ft.  and  a  maximum  head  of  70  ft.  The  pipe  is  10  ft.  interior  diameter,  with 
a  uniform  thickness  of  9  ins.  The  reinforcement  consisted  of  round  rods. 
The  circumferential  rods  were  spaced  4  ins.  apart,  and  varied  from  H  in-  to 
^  in.  in  diameter.  A  working  strength  of  15,000  lbs.  per  square  inch  was 
used,  and  the  rods  were  designed  to  carry  the  total  stress,  regardless  of  the 
strength  of  the  concrete.  The  longitudinal  rods  were  H  in.  in  diameter  and 
they  were  spaced  about  2  ft.  c.  to  c. 

The  trench  was  excavated  with  teams  and  trimmed  to  shape  by  hand.  It 
had  a  bottom  width  of  14  ft.  with  slopes  of  about  1  on  1.  Care  was  taken  to 
have  most  of  the  dirt  placed  on  one  side  of  the  trench.  This  was  leveled  ofif 
for  about  30  ft.  from  the  edge  of  the  trench,  so  as  to  give  sufficient  elevation  to 
the  mixer  for  delivery  of  the  mixed  concrete  by  gravity,  to  provide  room  for 
gravel  and  cement  storage  near  by,  and  also  to  allow  the  mixer  to  be  moved 
along  as  the  work  progressed. 

After  the  trench  was  excavated  to  line  and  grade  the  first  operation  in  the 
construction  of  the  siphon  was  setting  the  concrete  blocks  to  support  the  inner 
forms.  These  blocks,  which  were  4  ins.  thick,  10  ins.  wide  and  about  12  ins. 
high,  had  been  made  a  few  weeks  previous  to  allow  ample  time  for  hardening. 
The  tops  were  cast  to  fit  the  curve  of  the  inner  forms.  They  were  spaced  6  ft. 
apart  in  two  parallel  rows,  so  that  each  pair  supported  a  6  ft.  length  oi  ths 
inner  forms.  They  were  set  in  mortar  a  few  days  before  the  forms  were  placed 
on  them.  This  arrangement  not  only  insured  correct  alignment  and  grade, 
but  permitted  the  concrete  to  be  readily  poured  and  thoroughly  spaded. 
The  concrete  blocks  became  a  part  of  the  concrete  shell  of  the  siphon. 

The  next  step  was  the  setting  of  the  inner  forms,  which  were  of  wood  and  not 
very  satisfactory,  as  it  was  difficult  to  maintain  them  in  a  circular  shape  after 
they  were  once  moved.  Each  6  ft.  length  of  forms  was  made  up  of  eight  sec- 
tions, three  below  the  horizontal  diameter  and  five  above  it,  braced  and  bolted 
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In  such  a  way  that  they  could  be  collapsed  for  morlng  ahead  (See  Fig.  15). 
E*ch  sectloD  was  made  Of  foui  ribs  cut  to  the  proper  curve,  on  which  the  2  tn. 
lagging  was  nailed.  The  lagging  was  dressed  on  the  outer  aide.  The  arrange- 
ment of  the  cross  braces  nhlcb  held  the  sections  In  place  permitted  the  dl»- 
mantled  sections  to  be  moved  ahead  tbiough  those  already  erected,  by  means 
at  a  platfomi  cor  on  a  track  which  rested  on  the  ccoas  ribs  ol  the  bottom 
sectlrai.    Hie  car  was  pulled  back  and  forth  with  a  ntpe. 

In  coojuuctlon  with  the  setting  of  the  Inner  forms  the  reinforcement  rods 
were  placed  on  them,  having  been  previously  bent  to  the  required  circle  with 
a  small  bending  machine,  and  properly  spaced,  wired  and  blocked  away  from 
the  forms.  After  the  inner  forms  were  assembled,  cdrcularrlbs  were  placed  to 
Bitpport  the  outside  lagging.  These  were  spaced  4  ft.  apart  and  braced  against 
the  Bide  of  the  trench.  The  outside  iogglng  was  2  x  6  x  4  las.  The  concrete 
work  was  commenced  near  the  middle  and  carried  fiiat  toward  one  end  and 
later  toward  the  other.     There  were  120  lln.  ft.  of  inner  forms  used.     They 


Fio.  15. — Seetion  showing  torniH  used  in  construrtLng  Whitney  Siphon. 

When  everything  was  In  readiness  one  <rf  the  rt^ular  tunnel  concrete  crews 
ol  24  men  and  a  foreman  was  detailed  to  the  work.  From  36  to  40  men  were 
laqulred  to  keep  the  work  gohig  conthmousiy.  Theconcretewas  delivered  on 
top  of  tbe  forms  through  a  chute,  and  Sowed  to  the  bottom  over  them.  The 
outside  logging  waa  placed  about  2  ft.  high  at  the  start,  to  allow  room  for 
iospection  and  spading  on  tbe  bottom.  As  the  concrete  rose  In  the  forms, 
more  lagging  was  placed.  The  bottom  of  tbe  trench  was  Slled  for  the  whole 
lengUi  ot  the  day's  run  and  tbe  complete  pipe  was  finished  the  same  day, 
whether  it  was  30  ft.  or  50  ft.  A  rough  connection  waa  made  by  means  of  a 
sand  bag  bulkhead,  and  particular  pains  were  taken  to  ensure  a  good  bond  at 
tUi  point.  About  three  days  were  required  to  complete  the  120  ft.  of  pipe. 
About  Doon  of  the  second  day  tbe  work  of  taking  down  the  Inner  forms  and 
moving  ttaaa  ahead  was  begun,  without  interfering  with  the  progress  of  the 
ooocretlng.  In  about  24  horns  the  outer  forms  were  removed  and  the  pipe 
«H  immedlataly  backfilled  and  thoTOUghly  fiooded  for  about  a  week.  When 
the  fool  of  the  steep  slope  was  reached  the  miser  waa  moved  to  the  top  of  the 
■lope  and  the  work  continued  in  the  same  way  until  the  top  was  reached.  At 
Mdi  end  of  the  siphon  a  manhole  30  x  36  Ins.  wa«  constructed. 
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Electrical  energy  was  used  for  light  and  power  and  water  was  supplied  under 
pressure  from  a  large  tank  on  the  adjacent  hiil.  Sand  and  gravel  were  ob- 
tained from  the  adjacent  creek  without  screening.  All  stone  larger  than  3  ins. 
was  rejected.  The  mix  was  1 : 4  or  1  bbl.  of  cement  to  16  cu.  ft.  of  concrete. 
About  20  per  cent  of  water  was  used,  which  insured  a  very  wet  mix. 

No  serious  difficulties  were  encountered  in  carrying  out  the  work.  As  the 
work  was  done  during  flood  season,  Whitney  Creek  carried  considerable  water 
and  the  excavation  was  a  little  more  costly  owing  to  the  construction  of  the 
necessary  protecting  dams  to  prevent  flooding  the  trench.  At  the  lowest 
point,  where  the  creek  crosses  the  siphon,  the  top  was  paved  with  cobble 
while  the  concrete  was  soft,  as  a  precaution  against  scour  in  flood  season. 

At  the  lowest  point  on  the  siphon  a  special  cast  iron  pipe  with  a  flange 
moulded  to  fit  the  inner  side  of  the  pipe  was  placed.  This  connected  through 
a  10  in.  valve  in  the  blow  off  chamber  to  the  blow  off  pipe  which  consisted 
of  second-hand  12  in.  vent  pipe  embedded  in  concrete.  The  inside  of  the 
pipe  was  finished  with  two  coats  of  neat  cement  wash  put  on  with  a  brush. 

Three  expansion  joints  were  made,  one  near  the  middle,  and  one  at  the  foot 
of  the  steep  slopes.  These  were  believed  to  be  necessary  because  at  these 
points  the  work  was  stopi>ed  for  a  considerable  time.  The  only  noticeable 
leak  in  the  pipe  was  at  one  of  these  points.  After  the  first  leakage  test  it  was 
repaired,  after  which  no  moisture  appeared  at  any  point  on  the  ground  surface. 
It  is  b^ieved  that  the  main  factors  which  made  for  success  were  the  pains- 
taking care  exercised  on  all  parts  of  the  work,  especially  in  selecting  the  sand 
and  gravel,  and  the  monolithic  construction,  which  eliminated  the  danger 
of  developing  longitudinal  cracks. 

The  results  of  leakage  tests  are  shown  in  Table  XVIII.  They  are  based  on 
measurements  at  the  ends  of  the  siphon  to  the  water  surface  as  it  was  lowered. 
The  observations  for  the  period  from  July  2  to  July  17  are  effected  by  the 
defective  expansion  joint. 

Table  XVIII. — ^Leakagb  of  Whitney  Siphon. 
(Length  955  ft.     Diameter  10  ft.     Maximum  head  70  ft.) 

Leakage, 
gals. 
Period.  1910.  per  day 

16  days  July  2— July  17 4, 146 

32  days  Sept.  30— Nov.  1 : 166 

10  days  Nov.  1— Nov.  11 135 

20  days  Nov.  11 — Dec.  1 132 

44  days  Dec.  1 — Jan.  13 356 

Remark. — The  leakage  shown  for  the  last  period  indicates  that  someone  had 
tampered  with  the  blowoff.  This  is  borne  out  by  the  fact  that  the  padlock  oa 
the  cover  of  the  blowoff  chamber  was  found  broken. 

Table  XIX. — Cost  of  Whitney  Siphon. 

Item  Per  Un.  ft. 

Excavation $  5. 47 

Concrete  Uning 8. 33 

Steel  in  place 3. 82 

Backfill. 2.  63 

Engineering 0.13 

Anchorage  proportion 0. 14 

Blowoff  proportion 1 .  28 

Average  cost  per  lin.  ft.  completed  section 21. 80 

Average  labor  cost  mixing  and  placing  per  lin.  ft 2. 14 

Average  labor  cost  placing  steel  per  lin.  ft 0.  83 

Average  coat  per  ft.  for  forms 1 .  20 

(As  there  are  about  0.78  cu.  yd.  of  concrete  per  Uneal  foot  of  this  siphon  ai|y 
of  the  above  items  multipUed  by  this  sum  gives  cost  per  cubic  yard  of  concrete.) 
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SotUh  Antelope  Siphon. — The  Antelope  Valley  Siphon  is  about  four  miles 
long  with  a  maximum  head  of  200  ft.  It  is  a  composite  structure,  composed 
of  3,44(5  ft.  of  10  ft.  reinforced  concrete  siphon  on  the  south  end  and  2,734  ft. 
on  the  north  end,  while  the  middle  portion  is  of  steel.  The  maximum  head 
on  the  concrete  pipe  is  about  75  ft.  The  ground  slope  is  very  uniform  and 
lev^  transversely,  making  an  ideal  condition  for  construction. 

The  exQ^vation  for  the  pipe  was  taken  out  to  a  depth  of  8  or  9  ft.  with  a 
model  No.  20  Marion  steam  shovel.  About  two-thirds  of  the  dirt  was  placed 
on  one  side  and  the  remaining  one-third  on  the  side  from  which  concreting  was 
carried  on. 

Construction  on  the  south  end  was  commenced  July  7,  1911,  at  the  conduit 
end  and  completed  Sept.  2,  1911. 

The  average  progress  was  44  ft.  per  day.  After  the  first  week  a  rate  of  40 
ft.  was  maintained  for  about  20  days,  after  which  a  imiform  rate  of  49  ft.  per 
day  was  made  until  completion. 

The  inner  forms  were  of  wood  built  up  in  sections  about  20  ins.  wide  and  4  ft. 
long,  supported  by  collapsible  steel  ribs.  These  were  much  more  satisfactory 
than  the  wooden  forms  used  on  the  Whitney  siphon.  The  working  force  on 
the  concrete  work  was  as  follows: 

1  superintendent. 

1  concrete  foreman. 

6  men  charging  mixer  with  wheelbarrows.  ^ 

1  man  on  cement. 

1  nian  running  mixer. 

5  men  placing. 

6  bendine  and  placing  steel  and  setting  outside  ribs. 
4  men  taking  down  inside  forms. 

4  men  setting  up  inside  forms. 

1  man  trimming  bottom  and  setting  concrete  blocks  to  support  inner  forms. 

2  plasters. 

2  plasters'  helpers. 

32  men,  total. 


The  average  rate  of  pay  for  this  force  was  about  S2.75  per  day.  or  a  labor 
cost  ai  %2  per  lineal  foot  on  the  basis  of  44  ft.  progress  for  mixing  and  placing, 
moving  and  setting  forms  and  finishing. 

Rock  for  a  large  part  of  the  work  was  hauled  7}4  miles  from  a  plant  in  the 

hills  and  the  average  haul  for  sand  was  IH  miles.    Cement  and  steel  was 

hauled  by  teams  from  Lancaster  on  the  Southern  Pacific  R.  R.,  a  distance  of 

36  miles.     Monolith  Tufa  cement  manufactured  by  the  city  oi  Los  Angeles, 

was  used  in  the  ratio  of  7  sacks  per  cubic  yard  of  concrete.     The  details  of 

cost  for  the  3,446  ft.  of  pipe  are  as  follows:  ^ 

Per 
lin.  ft. 

Excavation $  0. 94 

Sand  and  gravel 0. 606 

Rock 3.07 

Cement 6. 80 

Mixing  and  placing 0. 91 

Moving  forms 0.  62 

Hasting 0. 26 

Steel  in  place 4.  30 

Backfill 0.  39 

Enipneering  (instrument  work) 0. 04 

Soperinte^ence 0.  26 

Total  per  Un.  ft $17. 20 


Per 
cu.  yd. 

$6!  45 
2.32 
4.37 
0.69 
0.47 


•  « 
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The  above  does  not  include  the  cost  of  forms,  which  will  be  distributed  at 
the  completion  of  ail  work  on  which  they  are  used.  It  will  approximate  $1 
per  ft. 

Cost  of  Reclamation  Service  Concrete  Siphons. — ^The  following  data  are 
taken  from  Engineering  and  Contracting,  March  15,  1916. 

No  record  is  had  of  the  number  of  siphons  constructed  by  the  Reclamation 
Service.  Including  those  of  small  size  it  is  large.  The  siphons  of  •major  size 
are  few,  however,  and  those  selected  as  examples  represent  construction  prac- 
tice adequately. 

Belle  Fourche  Siphons. — There  was  built  three  siphons  on  this  project:  One 
8  ft.  in  diameter  and  477  ft.  long;  one  6  ft.  in  diameter  and  395  ft.  long,  and  one 
5  ft.  in  diameter  and  3,565  ft.  long.  Fig.  16  shows  a  section  of  the  8-ft.  siphon 
the  sections  for  the  smaller  siphons  were  similar.  A  1:2:4  machine-mixed 
concrete  was  used;  sand  being  screened  to  pass  a  H-in.  screen  and  stone  being 
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Fig.  16. — Section  of  Belle  Fourche  Siphon. 

screened  to  pass  a  1-in.  ring  and  be  retained  on  a  K-in.  screen.  All  siphons 
were  built  in  trench  excavated  carefully  to  the  outside  form  of  the  siphons. 
For  the  5-ft.  siphon  a  Blaw  collapsible  steel  form  was  used.  This  siphon  is 
recorded  in  detail  as  follows:  The  reinforcement  consisted  of  304,956  lb.  of 
twisted  steel  bars;  cost  per  x>oimd  Belle  Fourche  2.4  ct.,  plus  cost  for  hauling 
and  storing  of  H  ct.  per  pound.  Cement  at  Belle  Fourche  cost  $2. 15  and  $2.43 
per  barrel ;  hauling  and  storing  cost,  $1 .28  per  cubic  yard  of  concrete.  Cement 
hauled  16  miles;  gravel  hauled  1  mile.  Wages  per  8-hour  day  averaged  $2.44 
one  foreman  at  $2.25  and  one  at  $100  per  month.  Weather  conditions  favor- 
able.   Costs  of  concrete  work  alone  were: 


Item:'  Per  cu.  yd. 

Preparatory  expenses $0. 30 

Plant  depreciation 0.43 

Administration ? 1. 03 

Engineering 0. 29 

Superintendence 0. 42 

Inspection. 0. 06 

Camp  maintenance 0. 32 

Water  work 0.  28 

Blacksmith  and  carpenter  shop 0.  26 

Total  general $3.  39 
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Item:  Percu.  yd. 

Crushing  and  screening $1. 40 

Hauling  gravel  and  sand 0. 60 

Building  (including  lumber)  wood  forms 0.  84 

Hauling  lumber  for  forms 0. 18 

Erecting  steel  forms 0.47 

Miscellaneous 0.  32 

Cleaning  reinforcement 0. 08 

Bending  and  welding 0.  30 

Mixing  concrete 0.  63 

Placin|;  concrete 0. 42 

Finishing  and  watering 0.  22 

Total  labor $5.  26 

Cement $3.  67 

Steel 3.26 

Hauling  and  storing  cement 1.  28 

Hauling  and  placing  steel 0.  73 

Miscellaneous 0.  30 

Total $  9.  24 

Rent  of  steel  centering 0.  86 

Miscellaneous  supplies 0. 17 

Total  concrete $18. 92 

The  distribution  of  labor  and  materials  costs  it  will  be  noted  is  not  precise 
and  totals  for  these  items  are  therefore  slightly  in  error;  final  total  is  accurate. 
The  total  cost  of  the  concrete  work  proper  was  $41,929;  the  total  cost  of  the 
sii^on,  including  excavation,  filling  equipment,  etc.,  was  $69,310.  Costs 
recorded  in  1908;  reported  by  U.  S.  Reclamation  Service. 

Sun  River  Siphon. — This  work  was  a  reinforced  concrete  siphon  1,668  ft. 
long,  inside  diameter  6  ft.  3H  in.,  with  concrete  piers  and  intake  built  for 
Sun  River  project  U.  S.  Reclamation  Service.  Concrete,  613  cu.  yd.  in  siphon 
and  272  cu.  yd.  in  piers  and  intake,  1-2-4  mixtures.  Wages  were  per  eight- 
hour  day  for  laborers,  $2.24  to  $2.74,  two  foremen  at  $126  per  month,  one 
carp^iter  foreman  at  $6.60  per  day  and  carpenters  at  $3.60  per  day.  Cement 
cost  $5.60  per  barrel  and  reinforcing  steel  4. 12  ct .  per  pound,  delivered.  Work 
done  by  day  labor;  weather  favorable.  Sand  and  gravel  hauled  2  miles; 
cement  and  reinforcing  steel  hauled  27  miles.  Forms  collapsible  steel; 
progress  18  lin.  ft.  per  day.    Costs  covering  concrete  work  only  were: 

Item:  Per  cu.  yd.      Per  cu.  yd. 

Amount  of  concrete,  cu.  yd Pipe,  613  Piers,  etc.,  272 

Engineering $2.09  $1.67 

Superintendence 1 .  26  0. 96 

Preparatory  expenses 0. 38  0. 67 

Administration 3. 47  2.  61 

Camp  maintenance 0. 96  1 .  09 

Total  general $8.16  $6. 89 

Hauling  sand  and  gravel 2.91  2. 86 

Handling  cement  and  steel 0. 27  0. 30 

Tya^iljng,  wood,  water  and  miscellaneous 0. 26  0. 40 

Pumping ....  1 .  86 

Makmg  forms 185  2.03 

Bending  and  placing  steel 1. 43  0. 31 

Mixing  and  placing  concrete 3. 32  2.  36 

Moving  forms 1-40  0.41 

Buil(fing  trestle 0-26               

Total  labor $11.69  $10.50 
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Item:  Per  cu.  yd.      Per  cu.  yd. 

Lumber 1.41  1.59 

Steel 4.10  4.06 

Cement 6.35  4.90 

Total  materials $11.  86  $10. 55 

Steel  forms  and  supplies 0.81                

Installing  and  removing  plant 0. 28  0. 21 

Depreciation 0. 47  0. 52 

Mbcellaneous 1. 32  1. 49 

Corral  expenses 0. 40  0, 45 

Total  supplies $  3.  28  S  2.  67 

ToUl  concrete $34. 99  $32. 16 

There  were  1,254  ft.  of  tile  underdrain  which  cost  81  ct.  per  lineal  foot,  and 
charges  for  excavation,  backfilling  rip-rap,  survey  and  design,  depreciation  of 
buildings  aggregating  about  $7,000,  making  the  total  cost  of  the  siphon  S23.49 
per  lineal  foot.  Costs  recorded  in  1907-8;  reported  by  U.  S.  Reclamation 
Service. 

Salt  Riier  Siphons. — Two  twin-tube  siphons  were  constructed,  one  under 
Pinto  Creek  2,130  ft.  long  under  35  ft.  head  and  one  at  Cottonwood  Canyon 
250  ft.  long  under  a  bead  of  76  ft.  A  cross-section  of  one  of  the  Pinto  Creek 
tubes  is  shown  by  Fig.  17.  The  concrete  was  a  1 :  2H '-  4  mixture,  mixed  wet  by 
hand.    The  novel  feature  of  the  work  was  the  use  of  a  traveling  form. 

The  forms  consisted  of  an  outside  form  constructed  as  shown  by  Fig.  17, 
by  inserting  2>^-in.  X  5K-ft.  lagging  strips  in  the  metal  ribs.     The  inside 
form  was  designed  to  permit  continuous  work  by  moving  the  form  ahead  as  the 
concreting  progressed.    It  con«»isted  as  shown  by  Fig.  17,  of  an  invert  form 
on  which  an  arch  form  was  carried  on  rollers.     The  invert  form  was  pulled 
along  by  cable  from  a  horse  power  whim  set  ahead,  being  steered,  aligned 
and  kept  to  grade  by  being  slid  on  a  light  wooden  track.    It  had  the  form  of  a 
long  half  cylinder,  with  its  forward  end  beveled  off  to  form  a  sooop-like  snout. 
The  arch  center  consisted  of  semi-circular  rings  2  ft.  long,  set  one  at  a  time  as 
the  work  required.     Each  ring,  when  set,  was  flange-bolted  to  the  one  b^iind, 
and  each  was  hinged  at  three  points  on  the  circumference  to  make  it  collapsi- 
ble.   In  operation,  the  invert  form  was  intended  to  be  pulled  ahead  and  the 
arch  rings  to  be  placed  one  after  another  in  practically  a  continuous  process. 
So  that  the  arch  rings  might  continue  supported  after  the  invert  form  ^was 
drawn  out  from  under  them,  invert  plates  similar  to  the  arch  plates  ^vere 
inserted  one  after  another  in  place  of  the  shell  of  the  invert  form.     The  plan 
provided  very  nicely  for  continuous  work,  but  continuous  work  was  found 
impracticable  for  ail  but  about  2,500  ft.  of  the  6,000  ft.  of  conduit  built.      The 
reason  for  this  seems  to  have  been  at  least  in  a  great  measure,  the  slow  setting 
cement  made  at  the  cement  works  established  by  the  Government,  at  Roose- 
velt.   In  building  the  first  300  ft.  of  conduit,  a  commercial  cement  was  used 
and  a  progress  of  120  lin.  ft.  of  pipe  per  24  hours  was  easily  made.     This  ^work 
was  done  in  June.    Later,  but  still  in  warm  weather,  using  the  Government 
cement  and  70  ft.  of  arch  plates,  not  more  than  70  ft.  of  pipe  could  be  com- 
pleted in  24  hours;  if  the  plates  were  taken  down  sooner,  patches  of  concrete  fell 
out  or  peeled  off  with  them.    As  the  weather  grew  colder,  this  difiSculty  in- 
creased, until  finally,  the  idea  of  continuous  work  was  abandoned  and  for  some 
3,500  ft.  of  conduit   only  one  8-hout  shift  per  day  was  worked.     In   t)©. 
cember  and  January  the  plates  had  to  remain  in  place  three  days,  so  that  the 
progress  was  only  24  ft.  per  day;  in  warm  weather  this  rate  was  increased  to 
40  ft.  per  day. 


WATER  WORKS 


368  HANDBOOK  OF  CONSTRUCTION  COST 

Costs  were  kept  on  two  sections  of  one  of  the  lines  and  the  figures  shown  In 
the  accompanying  table  were  obtained.  A  gang  consisted  of  a  foreman  at 
$175  per  month,  a  subforeman  at  $3.50  per  day,  and  the  following  laborers  at 
$2.50  per  day;  one  bending  the  reinforcranent  rings;  two  placing  the  reinforce- 
ment; four  taking  down,  moving  and  erecting  the  stationary  plates;  four  plac- 
ing the  concrete  and  outside  lagging;  two  wheeling  concrete;  six  mixing  con- 
crete; one,  wheeling  sand  and  gravel;  one,  watering  the  finished  pipe;  four, 
laying  track  for  the  steering  apparatus,  moving  the  superstructure  and 
hangers,  mixing  boards,  runways,  etc. ;  one  pointing  and  finishing  inside  the 
pipe;  and  one  on  the  whim  and  doing  miscellaneous  work.  The  labor  was 
principally  Mexican,  and  only  fairly  efficient.  It  is  imx>ortant  to  note  that  the 
costs  in  the  table  are  labor  costs  only  of  mixing  and  placing  concrete  and  moving 
forms;  they  do  not  include  engineering,  first  cost  of  forms,  concrete  materials, 
reinforcement  or  grading. 

Wages  Cost  per  Cost  per 
4  men —  per  day    lin.  ft.     cu.  yd. 

Laying  track  for  steering  alligator $  5. 00  $0. 0670  $0. 16 

Moving  and  erecting  superstructure 5. 00  0. 3821  0.  93 

4  men  moving  plates 10. 00  0. 2646  0. 65 

Repairs  to  alligator 0. 0354  0. 08 

1  man  bending  rings 2. 50  0. 0538  0. 13 

2  men  placing  reinforcement 5. 00  0. 1538  0. 38 

12  men  mixing  and  placing  concrete 30. 00  0. 9631  2. 34 

1  man  watering  finished  pipe 2.  50  0. 0716  0. 17 

1  man  painting  and  brusn-coating  inside 2.  50  0. 1241  0. 31 

Blacksmith's  work 0. 0319  0. 08 

1  man  whim 2. 50  0. 0306  0. 07 

1  man  screening  and  hauling  sand  and  gravel 2. 50  0. 2804  0.  68 

Total $2. 4584.  $6. 98 

Summary  of  Costa. — The  following  costs  are  separated  from  the  preceeding 
examples  of  concrete  siphon  construction. 

Mixing  and  Placing  Concrete. 

Example  Per  cu.  yd. 

Whitney $1.  67 

Antelope  Valley 0.  92 

Bell  Fourche 0. 95 

Sun  River 2. 35 

Salt  River 2.  34 

Bending  and  Placing  Reinforcement. 

Example  Per  cu.  y<l. 

Whitney $0.  65 

Belle  Fourche 1. 48 

Sun  River 0. 31 

Salt  River 0. 61 

Forma, — Separated  as  completely  as  is  possible  from  the  cost  records  given 
the  costs  of  forms  are  about  as  follows: 

Example  Per  cu.  yd. 

Whitney $0. 94 

Antelope  Valley 1. 96 

Belle  Fourche -r 1.  33 

Sun  River 2. 44 

Salt  River 1. 82 

• 

The  figure  for  Salt  River  does  not  include  first  cost  of  forms  and  at  Belle 
Fourche  the  first  cost  is  assumed  to  be  the  retail  charge.    Qoughly,  forms  cost 
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Iram  %i  to  S2^  per  cubic  ynrd.  These  flguras  are  tor  tbe  usual  oollspalbla  Jj 
partible  tTpea  of  lonna.  No  co«t  la  tound  ot  the  traveling  rorm  used  at  Salt  7 
KJver;  the  labor  cost  of  nmrlDg  and  Tepalrlng  this  form  was  ll.SZ  per  ci 
rard.  It  Is  quite  useless  from  tbe  data  available  to  attempt  comparison  ol  I 
steel  and  wood  forms.  Though  ttae  examples  dted  show  that  wood  forms  have  g 
been  moat  frequentl;  used,  this  la.  we  think,  a  mere  happening  and  Blgnlfiee  i 
little.  The  ste^  form  has  peculiar  merits  for  conduit  amstruction  and  Its  i 
coitBlderatlon  should  ni 


of  Lob  Anael™  City  Tronk  Lino. 


Coat  of  CoDcrete  SecUona  in  the  Las  Anjeles  AqHedDcL — The  following 
data  ate  taken  from  an  article  bj-  Burt  A.  Heinly,  Sect;,  to  Chief  Engineer, 
Bureau  ot  Water  Works  and  Supply,  Los  Angelea.  published  In  Engineering 
and  Contracting.  May  5.  1015. 

The  open  conduit  has  a  length  of  7,975  ft,  with  a  capacity  of  20,000  miner's 
Inches.     Tbe  grade  varies  from  l  to  2.S8  per  cent  and  the  velocltlea  from  16.8 
to  22.3  ft.  per  second,     n  -  .014  In  Kutter's  formula.     The  conduit  is  4  ft, 
iride  at  the  bottom  and  IE  ft.  wide  at  the  top  with  a  e-ln.  Invert  and  with 
side  slopes  ot  IH  to  1 ;  the  walls  belDgcarried  to  a  tree  board  tf  15  Ins.    Eica- 
vatton  was  in  a  heavy  dobe  clay 
and  waa  done  with  scrapers  at  a 
ooatof  70cts.  per  foot  wblcb  In- 
cluded trimming.     The  concrete 
lining    Is   6  ins.   thick   ot  a  5^ 
mil.    the   gravel   being   washed 
and  brought  fro: 


le  dLiti 


a  cost  of  GO 


eta.  per   cubic   yard. 

were  used.     Every  12>i  ft.,  2  X 

B'a  were  laid  ajid  as  the  concrete 

was  delivered  from  above  by  a      ' 

Mo.  1 1  Austin  Cube  mixer  It  was 

■creeded  oCT  by  a  screed  held  on 

(he  2  X  e-in.  guides,  whicb  were 

that   ranoved.  the  spaces  Ailed 

ud    the    rrasi    trowelled   to   a 

smooth     surface.     The    cost    of     Fra.  10,— Clooed  conduit.  Los  Angeles  Qty 

coiKreting    was    I2.B0  per  lineal  Trunk  Line. 

foot.    With  a  force  of  30  men.  the  average  rate  of  progress  was  150  ft.  per 

day.     This  open  conduit  lies  in  the  bed  of  tbe  Upper  San  Fernando  Reservoir 

rite,  where  when  additional  storage  Is  required,  a  reservoir  of  23,000  acre- 

teM  will  tie  constructed. 

Tbe  covned  conduit  section,  Fig.    IS,  Is  similar  in  design  to  Aqueduct 
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covoied  conduit  sactlona  but  la  amaller.  Tbe  depth  la  8  ft.  1  In.  and  the  width 
S  It.  at  the  bottom  to  9  It.  3  Ins.  at  the  top,  with  a  batter  o(  1  to  12.  On  the 
reservoli  side  at  tbe  ctxidult.  tbe  outer  lace  of  the  lining  waa  made  vertical. 
fikie  walls  are  ti  a  mInimHm  thlcknees  o(  a  Ins.,  tbe  bottom  e  ins.  and  the 
coTci  Irom  6  Ins.  at  tlie  aides  to  7  Ina.  at  tbe  center.  Reinforcement  ol 
■idewaUs  on  the  hill  side  1b  of  ^t-in.  plain  rodi  spaced  2  ft.  center  to  center,  (uhI 
on  the  reservoir  aide,  M-in.  rodn  spaced  1  ft.  center  to  oentei.  The  cover 
la  reinforced  b?  H-in.  square  twisted  rods,  placed  9  ins,  center  to  oenter.  and 
Is  destgned  to  carrr  a  load  d  300  lbs.  to  the  square  foot  with  a  tactoi  of  safety 
ol  4.  A  G)j  to  1  mix  vaa  used  tor  tbe  cover  and  a  6  to  1  mix  tor  side  and  bot- 
tom.   The  cost  ol  floished  CDUdult  amounted  to  tS.M  per  lineal  toot. 


Fra,  20. — Tunnfl  sectiao.  Loe  Anaeleg  City  Trunk  Lin*. 


Two  tunnels.  Fig.  20.  one  ot  87G  ft.  and  the  other  of  TOO  ft.  which  are  located 
about  midway  In  tbe  conduit,  were'drlven  through  an  indurated  grarsl  and 
clay,  comprising  an  ideal  material  in  which  practically  no  timbering  was 
required.  The  work  was  done  by  hand  at  a  cost  of  S7.G0  per  foot.  Making 
and  placing  c€  forms  coet  11  per  toot  and  the  concreting  tfl.SO  per  foot,  making 
this  work  cost  complete,  SIS  per  lineal  foot.  The  tunnels  bave  a  slope  of 
.0009,  with  C  -  to  6.8.  n  -  .014  Kutter'a  formula.  Tbe  atdewaUs  are  on  a 
batter. 

CoOBtructlon  Quantities. — Per  linear  foot  ot  tunnel  normal  section:  Eica,. 
vatioa,  (timbered)  3,10  cu.  fds.,  (untimbered)  2.73  cu.  yda.;  concrete,  (tha- 
beredl  O.sa  cu.  yds.,  (untimbered)  O.S9cu.  yds.:  timbers,  IS  B.  M.:  spreaders, 
SB.  M.iSboulder  braces.  T  B.  M.;  lapsing,  48  B.  M. 

The  regular  rate  tor  day  labor  on  this  work  was  t2.60  per  g  hour  day. 
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Coat  of  the  San  Fanundo  InTsited  Staal  Slfhaa,  Las  Ancdei  Avaadoct — 
The  following  daUv  are  taken  from  an  article  In  Engineering  and  ContrectlDg, 
Mt^  5,  1915,  b;  Burt  A.  Heloly. 

The  Son  Feroando  Inverted  Steel  EUphon  carries  the  aqueduct  acrosB 
the  San  Feinaado  Vallft;  a  total  dlBtaoce  of  63,3ZT  ft.  under  a  nuulmum  work- 
ing bead  of  260  ft.  to  the  ereat  of  the  Santa  Monica  mountain  range  which 
bema  Uie  valley  on  the  Bouth.  This  siphon,  a  pro&le  of  which  la  shown  In 
Pig.  21,  comprises  the  most  difficult  and  aipenalve  part  of  the  City  Trunk 
Line.  It  required  S.zaO  trau  of  st«el  for  Its  fabiicatloa  and  is  a  noteworthy 
example  al  pipe  line  cmiatmctlon  and  design. 

From  an  Inside  diameter  of  72  Ins.  at  the  inlet,  the  siphon,  aa  diveraiona 
are  made,  is  gradually  reduced  to  62  ins.  The  inlet  elevation  at  the  San 
Fernando  gate  tower  is  I,07fi  ft.  above  sea  level  with  hydraulic  grade  at 
1.134.  The  elevation  of  the  outlet  ia  854  ft.  above  sea  level.  With  the 
*tee|>  elope  of  4  ft.  to  1.000,  the  atphm  eairiaa  the  high  velocity  of  8  ft.  per 


1.  Los  AoAetce  City 


second.  On  account  of  the  Ugh  expense,  the  line  was  not  designed  for  full 
static  preaaure  but  la  conatructed  for  full  pressure  up  to  the  maiimum  hydrau- 
■^  grade  line  with  a  maihnum  safety  ol  4.  This  is  equivalent  to  15,000  ll>s. 
per  square  Inch  marlmum  pressure  on  the  net  section. 

Single  sheet  conatructlon  is  used  throughout,  the  dedgn  and  fabrication 
following  the  methods  employed  on  the  21  steel  aiphona  of  the  Lob  Angeles 
Aqueduct.  The  line  was  deaigoed  and  built  of  lap  joints  of  alternate  Inside 
•Od  outside  sections,  the  plates  being  69  ins.  long.  All  rivets  were  cone 
beaded:  H-^-  tlveta  were  used  on  the  H~h>'  >"<!  Ha-fn.  plates  with  <Hs-Id, 
opoi  bolee;  and  }j-bi.  rivets  tor  the  ^^-in.  plate  with  ■Hi-lD-  open  holes. 
Rivethig  followed  the  Hartfoid  Boiler  Standard  speclScatlons  with  the 
dlleteocy  of  the  Joints  bavlog  a  maximum  of  72  per  cent. 
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The  steel  for  both  plates  and  rivets  was  all  made  by  the  basic,  open  hearth 
process,  the  quantities,  diameters,  riveting,  etc.,  being  as  follows: 

Length,  ft. 

19,200.55 

5,710.00 

6,612.49 

1,524.10 

1,904.09 
14,000.89 

9,799.88 

1,870.81 

2,704.38 


Longitudinal 

Diameter,  inH. 

Thickness,  ins. 

riveting 

72 

H 

Double 

72 

H 

Triple 

72 

Me 

Triple 

68 

M« 

Triple 

66 

Ht 

Triple 

66 

Triple 

64 

H 

Triple 

62 

^/ 

Triple 

62 

Double 

63,327.19 


As  the  time  was  an  important  element,  the  work  was  divided  so  that  a  local 
contracting  firm  did  part  of  the  work,  and  the  city  the  remainder.  The 
contractor's  part  consisted  in  delivering  at  trench  side,  19,200  ft.  of  72-in. 
and  4,575  ft.  of  62-in.  in  24-ft.  sections  with  rivets  for  circular  seams  at  3.5  cts. 
per  lb.  The  city  purchased  the  remainder  of  the  steel  from  an  eastern 
factory  in  plates  rolled  to  true  cylinders,  beveled,  sheared  and  scaifed  at 
1.66  cts.  per  lb. 

The  gates  used  were  of  Rensselaer  manufacture,  double  disk,  single  gear 
type,  with  heavy  bevel  gear,  bronze  trimmed  and  operated  by  hand,  designed 
for  working  pressures  ranging  from  150  to  225  lbs.  The  large,  r^ulating 
shut-off  gat^  were  designed  for  the  nearest  commercial  size  larger  than  one- 
half  the  diameter  of  the  pipe.  These  comprise  a  54-in.  gate  with  12-in. 
by-pass,  4  miles  from  the  inlet,  and  at  intervals  of  about  3  miles,  three  48-in. 
gat^  with  8  in.  by-passes.  These  gates  are  for  shutting  off  any  section  of  the 
line  on  which  an  accident  might  occur  or  for  cleaning.  At  intervals  of  one- 
half  mile,  6-in.  gates  are  provided  for  irrigation  laterals,  and  at  the  Los 
Angeles  River  crossing,  two  8-in.  blow-off  and  one  6-in.  drain  valves  are 
installed.  These  are  capable  of  adding  a  flow  of  about  50,000,000  gals,  to  the 
flow  of  the  river  which  can  be  taken  up  farther  down  stream  by  the  collection 
works  of  the  Los  Angeles  river  supply  system.  Every  one-half  niUe  man  holes 
with  reinforced  manhole  plates  are  constructed  and  on  the  low  sides  of  shut- 
off  gates,  10-in.  saddles  are  constructed  to  provide  for  air  valves. 

The  work  of  construction,  as  is  the  rule  of  the  Los  Angeles  Water  Depart- 
ment, was  accomplished  by  its  own  laboring  force  under  the  direction  of  its 
own  engineers. 

The  excavation  was  done  with  two  Model  40  Marion  steam  shovels  of 
^-cu.  yd.  and  l}i  cu.  yd.  capacity.  Each  was  equipped  for  this  particular 
kind  of  work  with  an  extra  long  boom  25  ft.  in  length.  The  aim  was  to  liave 
the  top  of  the  pipe  a  minimum  of  3  ft.  below  the  siuface  of  the  ground.  This 
made  the  depth  of  ditch  range  close  to  9  ft.,  the  width  being  as  narrow  as  the 
shovel  could  dig,  or  from  10  to  11  ft.  Excavation  was  in  an  ideal  formation 
of  sandy  loam  that  stood  without  cribbing  excepting  in  a  few  instances. 
Shovel  crews  in  an  eight  hour  day  accomplished  from  85  to  190  lineal  feet,  the 
average  cost  of  trenching  ranging  from  25  to  30  cts.  per  foot.  Shovel  runners 
were  paid  $150  per  month;  cranemen,  $115;  firemen,  $75  per  month,  and  pit* 
men  $2.50  per  day.  The  shovels  worked  6  days  per  week,  the  crews  over- 
hauling the  shovel  on  the  seventh  without  allowance  for  overtime.  Back- 
filling was  with  Fresnos  at  the  rate  of  150  ft.  per  day  for  each  gang,  teamsters 


WATER  WORKS 


373 


being  paid  $2.50  per  day.  The  cost  of  this  item  averaged  18  cts.  per  ninning 
foot. 

As  stated,  the  contractor  was  required  to  deliver  the  pipe  in  24  ft.  sections 
at  the  side  of  the  trench.  He  found  it  cheaper  to  rivet  into  single  sections 
in  his  shop,  then  rivet  four  sections  into  a  tank,  or  24  ft.  length  of  pipe,  on 
the  ground,  air  being  sold  to  him  for  this  purpose  by  the  city.  With  the  city 
it  was  necessary  to  unload  the  nested,  unriveted  plates  and  do  all  the  work  of 
riveting,  both  circular  and  longitudinal  at  the  side  of  the  trench.  For  this 
purpose  the  equipment  comprised  three  compressor  stations  situated  at  points 
near  the  inlet,  middle  and  outlet  of  the  siphon  with  air  lines  of  2-in.  and  4-in. 
inside  diameter  standard  screw  pipe.  The  longest  delivery  was  one  of  26,000 
ft.,  through  4-in.  pipe.  Air  compressors  used  were  one  Clayton  2-8tage 
tandem  ci  a  capacity  of  200  cu.  ft.  of  free  air  per  minute  under  100  lbs.  pres- 
sure, driven  by  a  75  hp.  Westinghouse  motor,  and  two  2-stage  IngersoU  Rand 
No.  10  Imperials,  each  of  a  capacity  of  700  cu.  ft.  of  air  per  minute  under  100 
lbs.  pressure  driven  by  100  hp.  General  Electric  motors.  Transmission  lines 
of  the  Southern  California  Edison  Co.  in  the  vicinity  were  tapped  to  supply 
the  energy. 

From  three  to  five  gangs  were  employed  on  the  city's  riveting.  Each  gang 
comprised  a  riveter  at  $3.50,  a  caulker  at  $4.00.  a  heater  at  $3.00,  a  bucker-up 
at  $2.50  and  sometimes  an  additional  helper  at  $2.50  for  an  8-hour  day. 
The  gangs  worked  under  a  bonus  system,  compiled  at  10-day  intervals, 
amounting  to  $1.75  per  100  rivets  for  all  over  500  driven  in  8  hours.  This  was 
divided  proportionately  eaaong  the  gang,  the  riveter  foreman  who  received 
$150  per  month  not  participating.  A  rivet  that  on  a  tap  of  the  inspector's 
hammer  showed  any  vibration  was  rejected  and  had  to  be  cut  out  and  replaced 
on  the  gang's  own  time.  There  are  defects  in  the  bonus  system  but  if  watch- 
fulness is  exercised,  the  city  has  foimd  that  in  this  line  of  work,  the  spirit  of 
oo-operation,  enthusiasm  and  personal  endeavor  can  be  developed  to  a 
high  degree.  Under  this  system  one  gang  would  rivet  from  12  to  15  rings  into 
4-piece  sections  in  a  day.    In  the  trench,  10  round  seams  was  a  day's  work. 

After  some  experimenting,  it  was  found  that  the  quickest  and  most  satis- 
factory method  of  fabrication  was  to  rivet  the  plates  into  four  ring  sections 
or  tanks.  This  made  the  work  of  riveting  much  easier  and  swifter  and  reduced 
the  number  of  bell  holes.  The  "  tanks  "  were  hoisted  to  position  in  the  trench 
by  a  stiff4^  A-frame  derrick  set  on  wheels,  and  movable  rails.  Riveting  in 
the  trench  progressed  at  the  rate  of  125  ft.  per  day.  Large  angles  and  transi- 
titms  were  shop  made  but  on  small  bends,  no  special  construction  was  required, 
the  plates  being  simply  cut  and  beveled.  On  curves  where  the  radius  was 
equal  to  or  larger  than  a  6°  railroad  curve,  it  was  foimd  that  the  situation  could 
be  liandled  by  a  little  reaming  of  the  rivet  holes.  The  pipe  was  all  laid  with 
the  longitudinal  seams  uppermost,  as  it  has  been  found  by  experience  that 
most  of  the  leaks  occur  where  the  three  thicknesses  of  steel  come  together  and 
UuBy  are  thus  made  easy  of  access  for  recaulking. 

In  planting,  coal  gas  and  water  gas  tars  were  used.  A  coating  of  the  latter 
niiich  is  much  thinner  than  coal  tar  and  of  high  penetrating  qualities  was  first 
applied  and  then  on  succeeding  days,  two  coats  of  coal  tar  both  inside  and  out. 
No  heating  was  required  in  the  summer  months  but  was  necessary  with 
the  approach  of  autumn  and  winter  temperatures.  Painting  was  done  at 
treochside  witii  brushes.  After  the  pipe  was  laid,  another  coat  was  applied 
to  all  round  seams  and  to  any  abrasions.  Comparison  of  expense  with  pat- 
ented preparations  is  to  be  noted  from  the  fact  that  coal  tar  cost  11  cts.  per 
gallon  and  gas  tar  10  cts.  per  gallon  laid  down  on  the  ground  in  carload  lot 
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The  dQ>artment  after  haying  had  three  years  of  tests  of  these  mat^als  on 
the  exposed  aqueduct  siphons  finds  them  an  efifective  substitute  for  the  higher 
priced  coatings. 

The  transitions  at  both  ends  ci  the  siphon  consist  of  blocks  of  heavily 
reinforced  concrete,  covering  the  pipe'  to  a  depth  of  2  ft.  on  all  sides  for  a 
lineal  distance  of  8  ft.  which  serve  as  anchorages  to  hold  the  pipe  in  place. 

Cost  of  Steel  Section  of  Antelope  Valley  Siphon,  Los  Angeles  Aqueduct. — 
The  followig  data  are  from  an  article  by  William  W.  Hurlbut  published  in 
Bngineering  Hecord,  July  19,  1913. 

The  steel,  or  middle  portion  of  the  Antelope  Valley  siphon,  was  furnished 
by  the  Riter-Conley  Manufacturing  Company,  rolled  and  punched  at  a  cost 
of  $1.50  per  hundredweight  f.o.b.  factory  at  Leedsdale.  Pa.,  or  $2.30  per 
hundredweight  laid  down  at  Mojave,  Cal..  the  distributing  point  for  this  work. 
The  plate  was  shipped  nested  in  order  to  obtain  the  minimum  rate  for  carload 
lots.  The  plate  is  of  the  lap-joint  type,  the  inside  rings  being  10  ft. 
in  diameter. 

Table  XX  gives  lengths  and  weights  and  safe  heads  of  each  thickness  oi 
metal. 

Table  XX. — SrEsii-PLATB  Data 

Safe  head,      Length  feet.      Weight, 
TliickneBB  feet  pounds 

H-in.  double-riveted 100  2,690  938.810 

H-in.  triple-riveted 144  4,559  1,609,440 

H«-in 180  3,698  1.626.920 

^-in 210  4.650  2,648.970 

Total 15,597  6,648.970 

Table  XXI  gives  the  schedule  for  siphon  work  for  a  typical  riveting  crew 
of  four  men. 

The  world's  record  for  field-driven  rivets  was  made  on  the  erection  of  this 
pipe,  one  man  driving  1650  ^|-ih.  rivets  in  one  eight-hour  shift. 


TABI.E  XXI. — Bonus  Rate  fob  Rivbtinq  Cbbw 


Mechanic, 

Each  per  Sise  of 

shift  rivet,  in. 

Riveter jH 

H 
Heater. 

Bucket . 

Sticker j^ 

H 


Crew  Per  cent 

bonus,  of  bonus 

Wages,    Base  rate,      cents  per  num 

per  day    per  shift   per  rivet  per  shift 


$3.50 
3.00 
2.75 
2.50 


500 
400 
500 
400 
500 
400 
500 
400 


30 
30 
20 
20 


The  compressor  plant  was  located  in  the  center  or  IH  miles  from  each, 
end  of  the  pipe.  The  plant  consisted  of  four  40-hp.  Aurora  gas  enginee, 
all  belted  to  a  line  shaft,  the  line  shaft  in  turn  being  belted  directly  to  an 
Ingersoll-Rand  air  compressor.  Two  lines  of  4-in.  O.  D.  casing  dettTeied 
air  at  a  pressure  erf  110  lb.  Erection  of  this  siphon  commenced  in  the  middle 
and  was  worked  both  ways  from  this  point.  All  rivets  were  cone-headed  and 
of  full-diameter  shank;  ^-in.  rivets  were  used  on  the  H  and  Ks-in.  plate  and 
^-in.  rivets  on  the  H-in.  plate. 
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Table  XXII  gives  direct  field  charges  of  costs  for  the  steel  pipe. 

Table  XXII. — Fikld  Costs  for  Stebl  Pipb 

Length, 
Description  feet 

Trench  excavation , 15, 597 

Anchorages,  proportion 15 ,  597 

Steel  pipe: 

Cost  rolled  and  punched  at  Mojave 16,597 

Loculing  and  hauling 15,597 

Placing .  15,697 

Riveting 15, 697 

Calking 15,597 

Painting 15,697 

Equipment 15 ,  597 

Superintendence 15 ,  597 

Engineering 15, 597  " 

Backfill 15,697 

Bell  hole,  proportion 15 ,  597 

Dismantling  camp,  proportion 15 ,  597 

Manholes,  proportion 15 ,  597 

Blow-oflf  valves,  proportion 15, 597 


Unit 

Cost 

cost 

per  cwt 

$  0.33 

•  •   •  •  - 

.48 

•  •   •   •  • 

9.84 

$2.30 

1.46 

.34 

.52 

.12 

1.19 

.28 

.24 

.06 

.15 

.04 

.87 

.n 

.11 

.03 

.04 

.01 

.19 

.11 

.01 

.01 

.03 

Total $15. 58  $3. 39 

To  the  cost  shown  in  the  table  should  be  added  10  per  cent  for  overhead 
charges.  The  average  cost  of  driving  645,957  rivets  was  2.9  cents  per  rivet, 
and  the  average  cost  per  pound  of  erecting  was  3.30  cents. 

The  erection  of  steel  commenced  in  April  and  was  completed  in  September, 
1912.  The  greatest  progress  was  made  during  the  month  of  August,  when 
5940  ft.  were  erected. 

Weight  and  other  miscellaneous  data  of  steel  pipe  are  given  as  follows  in 
Moritz's  "Working  Data  for  Irrigation  Engineers"  (1916). 

Fig.  22  gives  the  thickness  of  steel  pipe  for  three  different  efficiencies  of 
joint,  single  riveted  at  65  per  c^it,  best  double  riveted  at  72  per  cent,  and  lock- 
bar  pipe  at  90  per  cent.  The  lock-bar  joint  is  capable  of  developing  100  per 
cent  efficiency;  but,  due  to  occasional  defects  in  material  or  workmanship  on 
the  lock-bars,  an  efficiency  of  90  per  cent  is  recommended  for  calculating  the 
thickness.  The  thldmess  given  in  the  diagram  is  the  net  thickness  of  steel 
required  to  withstand  the  given  pressure  at  a  unit  stress  in  the  steel  of  16.000 
lbs.  per  sq.  in.  It  is  customary  to  allow  a  slight  excess  ot  thickness  to  take 
care  of  weakening  by  corrosion. 

The  f<^owing  table  (jtrom  "American  Civil  Engineers*  Pocket  Book") 
gives  the  greatest  allowable  depth  of  earth  oover  over  steel  pipe  in  feet.  If  a 
pipe  is  to  be  subjected  to  a  greater  pressure  of  earth  than  indicated  in  the 
taUe,  the  thickness  must  be  increased  or  the  pipe  shell  reinforced  with  angle 
irons  or  other  suitable  shai)es. 

""  >    DiAMBTEB  OP  Pipe 

Thickness  30  ins.      36  ins.     42  ins.     48  ins.      54  ins.      60  ins.      72  ins. 

U  8  5  4  3 

H«.  12  9  6  5  4  3  2 

*i  18  12  9  7  6  4  3 

C|s  26  17  12  9  8  6  4 

U  ..  22  16  12  10  8  6 

H  ..  15  12  9 

Exampie  of  Uae  of  Diaaram  (Fig.  22). — Given  a  72-in.  steel  pipe  for  a 
power  plant  static  head  of  200  ft. ;  an  allowance  of  50  per  cent  is  to  be  made  for 
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wnter-nmuid  lOpercenttorcorro^on.DiaklDgUiatotBlbeBd  (200  X  1.60)  — 

Enter  tbe  dli«ritm  »t  a,  head  ol  320  ft.,  ttieoce  horizontally  to  the  line  tor 
72-ln.  pipe,  then  verticftllj  down  and  read  thlckneas  sll^tly  more  thftD  Ht-ln. 
(or  single-riveted  joint,  sUghlly  lesa  than  K«-l°-  'or  double-riveted  Joint,  and 
slightly  more  than  iHi^in.  tor  the  lock-bsc.    Single  rlTetlng  la  seldom  used 


Fia.  22. — ThiokaeH  and  n«aht  of  ateel  pipe. 

tor  any  but  unimportant  and  temporary  structures.  Carrylne  the  abova 
example  turthec.  ne  note  from  the  foregoing  table  that  the  Ht-in-  shell  will 
withstand  a  baclc-fllt  of  4  ft.,  and  the  'Hi-in.  shell  will  withstand  between 
2  and  3  ft.  The  q>prailmate  weigbt  of  the  pipe  Is  Elveo  by  the  fonnul*  In 
the  dioBram. 
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Maintenance  of  Steel  Pipe  line,  SiO  Miles  Long. — ^The  following  data  are 
tak^i  from  an  abstract  in  Engineering  Record,  Oct.  21,  1916,  of  the  1914-15 
Annual  Report  at  P.  Y .  O'Brien,  engines  for  tlie  Goklflelds  areas  of  the  Water 
Supply.  Sewerage  and  Drainage  Department  of  Western  Australia. 

The  pipe  line  and  pumping  project,  was  completed  in  1902.  After  having 
be^i  in  service  a  few  years  the  pipe  showed  signs  of  serious  corrosion.  The 
steel  of  this  conduit  was  manufactured  in  Australia  from  material  supplied 
from  England.  The  thickness  of  the  plates  is  ^  in.  for  all  pipes  under  pres- 
sure up  to  390  ft.  head  and  M«  in.  thkk.  for  i^esoiraa  above  that  amount. 
The  material  ^npioyed  was  open-hearth  basic  steel.  When  completed  and 
tested  the  pipes  were  heated  to  300  deg.  Fahr.  and  inunersed  in  a  mixture 
of  coal  tar  and  Trinidad  Asphalt.  Over  the  outside  coating  sand  was  sprinkled 
to  make  the  material  resistant  to  the  sun's  heat. 

Maintenance  Costs, — Mr.  O'Brien  presatts  the  following  figures  on  the 
cost  of  maint^iance  ^nce  the  pipe  line  was  completed  in  1902 : 

Tablb  XXIII. — Cost  or  Maintenance  of  30-Inch  Steel  Main  351H  Miles 

LONQ 


Year  Cost 

1902-3  1 $83,500 

1903-4  / 

1904-5 37,600 

1905-6 33.000 

1906-7 68,700 

1907-8 96,600 

1908-9 74,500 


Year 
1909-10. 


Cost 
83,000 


1910-11 61,200 

1911-12 83,000 

1912-13 111,000 

1913-14 192,600 

1914-15 248,000 


The  corrosion  on  the  exterior  of  the  pipes  took  three  distinct  forms — ^rusting, 
pitting  and  scaling.  It  appears  that  the  greatest  deterioration  has  occurred 
where  the  pipe  has  been  buried  in  the  groimd,  while  sections  lying  above  the 
surface  show  comparatively  slight  damage. 


Table  XXtV. — ^Holbs  Due  to  ExilBmNAL  Cobbobzon 


financial  No.  of 

year  holes 

1904-5 2 

1905-6 27 

1906-7 54 

1907-8 55 

1908-9 91 

1909-10 177 


financial 
year 


No.  of 
holes 


1910-11 131 

1911-12.. 124 

1912-13 774 

1913-14 966 

1914-15 2,078 


The  great  increase  in  the  number  of  holes  In  1914-15  is  partly  accounted 
for  by  the  large  amoimt  of  work  done  In  scraping  the  pipe  preparatory  to 
lecoating.  In  this  way  many  holes  appeared  that  ordinarily  would  not  have 
been  noticed  for  several  years  later. 

The  method  adopted  for  dealing  with  external  corrosion  consists  of  uncover- 
ing the  pipes  wherever  they  are  found  to  be  badly  pitted  and  continuing  the 
opening  up  in  both  directions  till  they  are  found  to  be  in  good  condition.  In 
this  way  all  those  parts  of  the  main  in  the  vicinity  of  places  where  corrosion  is 
known  to  be  bad  have  been  ox)ened  up,  and  in  addition,  othet  portions  which 
were  likely  to  be  similarly  bad  have  been  opened  up  during  the  past  year.  The 
length  opened  up  and  left  open  for  the  financial  year  1914-15  was  36H  miles, 
making  a  total  of  80  mlles  uncovered  at  the  close  of  the  year.  Judging  by  the 
OMidition  of  the  pipes  that  have  been  opened  up  during  the  past  year,  it  is 
anticipated  that  the  work  of  dealing  with  the  external  corro^on  of  the  pipes 
can  be  satisfactorily  dealt  with  for  some  years  in  the  same  manner  as  hitherto, 
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and  at  no  greater  cost.  Although  afanotft  the  whole  of  the  coating  on  the  pipes 
where  they  are  underground  is  more  or  less  perished,  and  has  been  so  for 
many  years,  the  condition  of  the  steel  plates  is,  ai>art  from  the  pitting  and 
scaling  already  referred  to.  almost  uniformly  good. 

Life  of  Cast  Iron  Water  Pipe  — The  following  data  are  taken  from  an  article 
in  Engineering  and  Contracting,  Dec.  15,  1915  which  gives  the  substance  of 
repUes  to  a  questionaire  conducted  by  Thomas  H.  Hooper,  Sup't  of  Water 
Works,  Wiimipeg.  Manitoba. 

Baltimore. — Cast  inm  pipe  was  laid  in  Baltimore  as  early  as  1805.  The  (rid 
pipe  has  been  found  in  good  condition.  Electrolysis  has  been  found  the  worst 
enemy  of  cast  iron  pipe.  Reported  by  Robert  L.  Clenunitt,  Acting  Water 
Engineer. 

'Boston. — The  oldest  cast' iron  pipe  was  laid  in  1848.  The  condition  of  this 
pipe  depends  upon  the  soil  in  which  it  was  laid.  Have  taken  out  pipe  in 
practics^y  perfect  condition,  as  far  as  condition  of  iron  goes,  after  60  years 
use.  In  other  cases,  in  bad  ground,  or  where  electrolysis  exists,  pipe  has  been 
destroyed  in  half  that  time.  Reported  by  F.  A.  Mclnnes,  Div.  Eng.,  Pub. 
Works  Dep't. 

Chicago. — The  first  cast  iron  pipe  was  laid  in  1852.  Some  of  the  oldest  pipe 
has  been  foimd  in  excellent  condition  when  examined.  Very  little  deteriora- 
tion has  been  observed  unless  pipe  has  been  attacked  by  cinders  or  slag  filling 
or  electrolysis.  These  cases  are  comparatively  rare.  Reported  by  John 
Ericson,  City  Engineer. 

Hamilton,  Out. — The  first  pipe  was  laid  in  1859  which  on  examination  is 
shown  to  be  In  good  condition  The  only  deterioration  has  been  from  elect- 
rolysis.   Reported  by  Thomas  Towers,  Sup't.  of  Water  Works. 

Minneapolis. — The  earliest  records  of  cast  iron  pipe  are  about  1874.  Old 
pipe  when  exposed  appears  to  have  suffered  no  depreciation.  A  piece  of  12-in. 
pipe.  32  years  in  service,  cut  out  to  pass  under  a  48-in.  pipe,  looked  like  new. 
The  coating  even  had  its  original  lustre.  Reported  by  J.  A.  Jensen,  Sup't 
of  Water  Works. 

Montreal. — First  cast  iron  pipe  was  laid  in  1852-4.  In  replacing  4  and  6-in. 
pipes,  which  had  been  in  use  over  55  years,  with  pipes  of  larger  diameter, 
to  meet  increased  demands  due  to  growth  of  city,  it  was  found  that  the  cast 
iron  was  in  good  condition  and  the  outside  appearance  almost  perfect.  In 
places,  the  area  was  much  reduced  by  tubercules  of  rust  or  calcareous  deposit 
and  silty  matter.  On  the  whole,  with  the  nature  of  Montreal  soil,  and  leaving 
out  the  particular  cases  where  electrolysis  (due  to  electric  tramways)  may 
effect  condition,  it  is  safe  to  say  that  the  cast  iron  pipes  last  as  long  as  their 
usefullness  will  warrant.  Reported  by  T.  W.  Lesage,  Eng. — Sup't.  of  Water 
Works. 

New  York  City. — Cast  iron  pipe  was  introduced  in  1815.  In  1915,  in  con- 
nection with  an  investigation  of  a  break  on  a  30-in.  main  some  of  the  old  pipe 
was  examined.  It  was  found  that  the  material  was  in  good  condition  and 
showed  hardly  any  depreciation.  It  was  estimated  that  this  main  was  made 
of,  what  is  Imown  as,  Scotch  iron  and  was  laid  about  1830.  Reported  by 
Merrit  .H.  Smith,  Chi^  Eng.  Bureau  of  Water. 

Philadelphia. — The  first  cast  iron  pipe  was  laid  in  1817.  Pipes  recently- 
taken  up,  laid  in  1817  and  1827,  were  removed  for  obsolescence  rather  than 
because  it  could  no  longer  perform  its  service.  Of  course  tubercles  and  in- 
crustations were  found  on  the  interior  but  the  iron  showed  no  evidence  of 
deterioration.    Reported  by  Carlton  E.  Davis,  Chief  of  Bureau  of  Water. 
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Rochester. — Tlie  first  pipe  was  laid  in  1872.  The  pipe  examined  at  frequent 
intervals  has  been  found  to  be  practically  in  as  good  condition  as  at  time  of 
laying.     Reported  by  B.  C.  Little,  Sup't  of  Water  Works. 
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FiQ.  23. — Diagram  for  determining  cost  of  cast  iron  pipe  per  foot  from  price  per 

ton  and  clasa  of  pipe, 

St.  Lottie. — Physical  condition  of  pipe  in  ground  over  GO  years  in  almost 
orery  instance  has  been  found  good.  Reported  by  Frauds  T.  Cutts,  Asst, 
Water  Commissioner. 
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Toronto.-^asi  iron  pipe  laid  in  1854  is  still  in  use  and  upon  examination 
shows  little  depreciation  except  where  electrolysis  has  taken  place.  Reported 
by  R.  C.  Harris  Commissioner  of  Works. 

Diagram  of  Costs  Per  Foot  of  Cast  Iron  Pipe. — W.  £.  Miller  gives  the  forego- 
ing diagram  for  determining  the  cost  of  cast  iron  pipe  per  foot  for  different 
classes  of  pipe  and  at  different  prices  per  ton  in  the  Journal  of  the  American 
Water  Works  Assn.,  Sept.  1914. 

A  straight  edge  laid  across  the  diagram  so  as  to  lie  on  the  proper  points  of 
the  outer  scales  will  intersect  the  center  scale  at  the  result  sought.  For 
example:  With  pipe  costing  $26  per  ton,  considered  as  indusive  of  freight 
and  cartage  if  desired,  6-in.  class  B  pii)e  is  f  oimd  by  the  diagram  and  a  straight 
edge  to  cost  43  cts.  per  foot,  while  a  calculation  results  in  a  slightly  more 
accurate  figure  of  43.3  cts.;  similarly,  12-in.  class  B  pipe  at  the  same  cost  per 
ton  is  found  by  the  diagram  and  straight  edge  to  be  worth  about  $1.07,  while  a 
computation  gives  $1.0673  per  foot.  The  classes  of  pipe  mentioned  are  the 
American  Water  Works  Association  Standard. 

Care  is  to  be  taken  in  using  the  diagram  that  points  on  the  right-hand 
vertical  scale  be  used  for  size  and  class  of  pipe — ^not  the  points  imder  the  class 
letters. 

Similar  diagrams  may  readily  be  made  in  the  same  way  for  other  tables  of 
weights. 

Cost  of  Maintaining  Water  Mains. — (Engineering  and  Contracting,  April  13 
1910.)  The  city  of  Harrisburg,  Pa.,  had  in  1909,  67  miles  and  1,147  ft.  or  say 
67.22  miles  of  water  mains.  The  cost  for  the  year  to  keep  these  mains  in 
repair,  change  them  to  new  grades  when  necessary,  change  hydrants  and  look 
after  9,000  meters  was  as  follows: 

Horses  and  wagons $    528. 47 

Supplies 443.  23 

Materials  and  repairs 1 ,  749.  44 

Salaries 4,907.  60 

1         Total. $7,628.  64 

This  is  at  a  rate  of  $113.48  per  mile. 

Maintenance  Cost  of  Water  Distribution  System  of  Chicago. — (Engineering 
and  Contracting,  Mar.  10,  1920.)  The  cost  of  maintaining  the  2,871.57  miles 
of  mains  in  the  water  distribution  system  of  Cliicago  amounted  to  $548,108 
in  1918,  an  average  of  $192. 15  per  mile.  In  1917  the  average  cost  was  $193.60. 
The  accompanying  diagram  (^ig.  24)  reproduced  from  the  1918  report  of  the 
Department  of  Public  Works  gives  an  interesting  comparison  of  the  mainte- 
nance costs  for  the  years  1915  to  1918. 

Cost  of  Thawing  Ground  for  Trench  Work  by  Steam. — To  thaw  earth  that 
is  frozen  to  a  depth  of  2  ft.  or  more  is  a  problem  that  often  confronts  a  water 
works  superintendent.  Edgar  S.  Smith,  superintendent  of  the  Water  Depart- 
ment of  Pocatello,  Idaho,  solved  the  problem  in  a  simple  manner  and  at  a  cost 
of  less  than  10  ct.  per  foot  of  trench  for  thawing,  according  to  Engineering  and 
Contracting,  Aug.  8,  1917. 

The  ground  was  frozen  4>^  ft.  deep  and  in  24  hrs.  was  completely  thawed  to 
a  depth  of  2H  ft.  The  remaining  2  ft.  were  softened  sufficiently  to  be  easily 
picked.  The  method  of  thawing  consisted  in  laying  a  double  Une  of  lyi-in. 
pipe  over  the  tr^ich  and  covering  it  with  6-in.  of  fine  sand.  Steam  was  fed 
into  the  pipe  from  a  traction  engine  boiler,  and  a  block  300  ft.  long  was  thawed 
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at  one  setting  of  the  engine.    It  toc^  about  2  hre.  to  shift  to  the  next  block, 
haul  the  sand  and  cover  up  the  pipe,  using  2  men  and  2  teams. 
The  total  daily  cost  of  thawing  the  ground  was  as  follows : 

Cos-t  per  Mile 


Total  E)tpendi+ures 

FiQ.  24. — Comparison  of  maintenance  cost  of  water  distribution  system  of 

Chicago,  for  the  years  1015  to  1918. 


Rent  oi  traction  engine  per  day $  3. 00 

Day  fireman 5.  00 

Night  fireman 4.  50 

1  ton  of  coal  per  day 8. 00 

1  yd.  of  sand  per  day .75 

Team  and  one  man  moving  sand,  hauling  water,  etc.,  H  day 4.  50 

Gang  of  20  men  15  minutes  removing  sand  from, pipe  <-  5  man  hours. .  1.  87 

Totol $27.  62 

Total  length  of  trench  opened  per  day,  300. 
Cost  per  foot  for  thawing,  $0,002. 

The  backfill'material  must  either  be  thawed  or  manure  must  be  laid  over  the 
water  pipe  before  back-filling  with  frozen  earth. 

Experience  with  Trenching  Machines  in  Massachusetts. — At  the  annual 
(1020)  convention  ci  the  New  England  Waterworks  Association  a  general 
discussion  about  the  use  of  trenching  machines  for  excavating  waterworl^ 
tnodMB  broue^t  out  some  valuable  Infonnation.    George  W.  Batchelder, 
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Water  Gonunissioiier  of  Worcester,  opened  the  discuflsion  with  a  paper,  the 
substance  of  which,  as  given  in  Engineering  and  Ck>ntracting,  Nov.  10,  1920, 
follows: 

Machine  Trenching  in  Worcester. — The  machine  is  a  Model  O,  purchased 
of  the  Austin  Drainage  Excavator  Co.,  in  1913  at  a  cost  of  $7,000  less  5  per 
cent.  It  is  operated  by  steam,  and  was  selected  in  preference  to  the  gasoline 
machine  because  of  the  belief  that  there  would  be  less  trouble  in  securing  opera- 
tors who  could  handle  a  steam  machine.  It  has  buckets  of  IS-in..  24-in.. 
30-in.  and  36-in.  width,  and  in  each  case  the  cut  made  is  6  in.  wider  because 
the  teeth  project  3  in.  on  each  side.  Trenches  can  be  cut  much  wider  that 
the  buckets  by  barring  down  the  material  on  each  side  of  and  in  advance 
of  the  buckets. 

The  ordinary  depth  to  which  the  machine  cuts  for  water  pipe  in  Worcester 
is  5  ft.;  this,  of  course,  can  be  made  more  or  less  with  arange  from  0  to  12  ft. 
Best  results  are  not  obtained  at  the  extreme  depth  because  the  boom  runs 
so  nearly  vertical  that  the  buckets  spill  much  of  the  material  before  it  reaches 
the  conveyor  belt.  Cuts  have  been  made  for  a  48-in.  pipe  line  with  excellent 
resmts. 

The  machine  has  developed  no  weakness,  though  it  has  been  used  in  very 
hard  digging.  It  has  done  all  of  the  trenching  practicable  in  Worcester 
streets,  and  has  been  rented  tQ  other  municipalities  and  contractors.  Given  a 
straight  run  in  localities  free  from  obstructions,  the  machine  is  at  its  best  and 
has  cut  hundreds  of  feet  of  trench  in  a  day.  For  use  in  the  installation  of  new 
water  or  sewer  systems  in  any  .soil  except  rock,  it  will  go  ahead  so  fast  that  the 
problem  is  to  keep  the  pipe  laid  within  hailing  distance. 

Cost  Data  in  Hartford  arid  Ai*burn. — Examples  of  its  work  are  shown  in 
these  records: 

HARTFORD,  CONN.,  1917 

June  26,  New  Park  Ave.,  155  ft.  long,  36  in.  wide,  5  ft.  deep,  5  hrs. 
June  27.  New  Park  Ave.,  200  ft.  long,  36  in.  wide,  5  ft.  deep,  6  hrs. 
July  6,  New  Park  Ave.,  220  ft.  long.  36  in.  wide,  5  ft.  deep.  7  hrs. 
July  19,  New  Park  Ave..  320  ft.  long.  36  in.  wide.  5  ft.  deep,  8  hrs. 
July  24,  Quaker  Lane.       408  ft.  long.  24  in.  wide.  5  ft.  deep,  8  hrs. 

AUBURN,  MASS..  1920 
Aug. — 

18,  Very  coarse  gravel 410  ft.  long.  24  in.  wide.  5  ft.  deep,  8      hrs. 

19,  Loam,  hard  pan  db  gravel 250  ft.  long,  24  in.  wide,  5  ft.  deep.  5      hrs. 

20,  Hard  pan,  clay  db  sand 380  ft.  long,  24  in.  wide.  5  ft.  deep,  6)^  hrs. 

21,  ^nd  a  fine  gravel 165  ft.  long,  24  in.  wide,  5  ft.  deep,  3      hrs. 

23,  Filled  land,  very  rocky 384  ft.  long,  24  in.  wide.  5  ft.  deep.  6H  hra. 

24^  Coarse  gravel  &  sand 438  ft.  long.  24  in.  wide,  5  ft.  deep,  8      hra. 

25,  Very  rooky  and  wet 445  ft.  long.  24  in.  wide,  5  ft.  de^,  8H  hra. 

26,  Fine  gravel  A  hard  pan ...!...  295  ft.  long,  24  in.  wide,  5  ft.  deep,  5H  hra. 

27,  Gravel,  clay  A  hard  pan 472  ft.  long,  24  in.  wide,  5  ft.  deep,  8      hra. 

28,  Filled  land,  rocky 180  ft.  long,  24  in.  wide,  5  ft.  deep.  3H  hrs. 

This  total  excavation  amounts  to  34, 190  cu.  yd.     The  costs  of  this  work  are: 
Operator.  $88;  fireman,  $66;  freight,  $38;  coal,  $48;  oO,  etc.,  $20;  repairs  and 
depreciation,  ex.  labor,  $50.     Total,  $330. 

Cost  per  cu.  yd.,  excl.  rental 9. 66  cts. 

Cost  per  cu.  yd.,  including  rental  price IT.  2    ots. 

Cost  per  cu.  yd.,  hand  labor  (estimated) 68.0    ots. 
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In  addition  to  the  work  done  in  Worcester  the  machine  has  brought  in  a 
revenue  for  rentals  of  $9,011,  not  including  the  job  now  going  on  at  Auburn 
Mass.  The  total  cost  of  replacements  and  repair  parts  since  the  machine  was 
purchased  has  been  $3,864. 

The  machine  shows  no  imusual  signs  of  wear,  and  is  apparently  good  for 
many  years  ci  service. 

Machine  Trenching  in  Springfield. — The  following  paper  was  presented  by 
A.  L.  Martin,  Superintendent  of  the  Springfield  waterworks. 

Work  of  trenching  in  the  city  of  Spriugfield  is  done  by  a  Model  24  Parsons 
Excavator.  It  is  capable  of  cutting  a  trench  26  Id.  wide,  and  has  been  used 
mostly  in  preparing  trenches  for  laying  12-in.  pipe,  but  has  been  in  service  for 
as  high  as  24  and  even  30-in.  pipe.  The  soil  that  it  has  handled  has  been 
mostly  sandy  with  little  or  no  rock/ 

Tne  first  work  done  by  the  trencher  was  the  digging  of  a  trench  for  a  16-in. 
main,  and  in  this  work  300  or  500  ft.  per  day  weie  laid,  with  a  foreman  and 
ei^t  men  on  the  job.    A  backfiller  was  also  u«)ed. 

Excavating  Over  OHd  Water  Main. — ^Another  work  the  trencher  accomplished 
was  the  removal  d  2,700  ft.  of  an  abandoned  water  main.  As  this  was  not  in 
use  and  as  pipe  was  at  a  premium  we  decided  to  take  it  up.  Wages  of  shovei- 
«rs  at  this  time  were  67  ct.  per  hour,  and  the  economy  ci  using  the  trencher  for 
this  purpose  can  easiiy  be  seen.  Twenty  actual  working  days  were  consumed 
in  the  labor.  The  trench  was  excavated  to  the  top  of  the  pipe,  then,  with 
men  to  loosen  the  side,  the  pipe  was  lifted  out.  Three  tons  or  lead  were 
salvaged  on  the  joints  of  this  pipe  line  and  the  actual  cost  of  the  pipe,  which 
was  in  good  condition,  was  (deducting  the  lead  saved)  $1  per  foot  including 
transportation  to  its  future  destination.  The  trench  dug  in  this  instance  wa<« 
from  5H  to  6  ft.  wide  and  6  ft.  deep. 

Trenching  for  30-Jn.  Main. — In  digging  the  trench  and  lowering  the  30-in. 
pipe  the  process  was  to  dig  one  side  and  then  break  the  sides  on  the  other. 
The  trench  was  6  ft.  wide  and  8  ft.  deep,  and  the  speed  of  operation  was  400  ft. 
in  four  days.  In  accomplishing  this  work,  bars  were  left  at  intervals  to  hold 
ttie  pipe  and  then  finally  dug  away  by  hand,  so  that  the  pipe  lowered  itself. 

The  cost  of  the  trencher,  which  is  operated  by  gasoline,  was  $7,800. 

It  was  found  that  when  left  alone  after  working  hours  and  at  night  the 
trencher  was  apt  to  be  tampered  with  by  curious  persons  or  mischievous  boys. 
A  watchman  would  cost  $35  per  week.  A  cage,  placed  entirely  aroufid  the 
fna/»hinft  and  made  of  strong  steel  wire,  much  like  that  used  in  the  cages 
around  the  cashier's  offices  in  banks,  fulfilled  the  object  it  was  devised  for  and 
cost  about  $400. 

The  operator  of  the  trencher  is  psUd  80  ct.  per  hour,  and  the  assistant  70  ct. 

Cost  of  Machine  Trenching  for  Water  Mains  at  Brie^  Pa. — By  using  a 
trenching  machine  the  Water  Department  of  Erie,  Pa.,  has  overcome  diffi- 
culties incident  to  the  labor  shortage  and  at  the  same  time  has  effected  a  large 
savfDg  in  excavating  for  water  main  extensions.  A  report  on  the  work  of  the 
machine,  prepared  by  E.  W.  Humphreys,  Superintendent  of  Waterworks, 
and  abstracted  in  En^eering  and  Contracting,  May  8, 1918,  shows  that  it  has 
dug  benches  5H  and  6  ft.  deep  at  a  cost  as  low  as  0.9  ct.  per  lineal  foot. 
This  i>articular  trench  was  dug  in  hard  clay.  The  figure  covers  the  wages  of 
operator  and  helper  and  the  cost  of  gasoline,  oils  and  grease'.  In  laying 
10,000  ft.  of  6  in.  main  in  1917  the  cost  of  hand  digging  aione  was  19  ct.  per 
lineal  foot,  with  common  labor  at  27H  ct.  per  hour.  The  hand  dug  trench  was 
in  day  with  shale  at  the  bottom. 
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The  accompanying  tabulation  shows  work  done  by  the  machine  at  various 
times  from  May  1.  1917.  to  Jan.  3,  1918: 

Cost 

Trench per  lin. 

Le.   De.  Wi.      Kind  of  material  ft.  of 

ft.     ft.     ft.  excavated  trench 

Ranldne  Ave.,  N 1 ,000  5H  2  Running  sand  and  gravel ...  $0. 065 

Rankine  Ave.,  S 800  5H  2  Hard  shale 036 

22d  W.  Cranbierry 665  6  2  Hard  clay 010 

28th  W.  of  Sigsbee 652  6  2  Clay  loam 010 

Cherry  N.  of  30th 360  5H  2  Clay  and  gravel 012 

5th  W.  Raspberry 400  5H  2  Sandy 014 

27th  W,  Cascade 420  5 H  2  Hard  clay 009 

Old  French  Road 230  6  2  Hard  clay 009 

The  costs  given  in  Table  XXV  are  the  actual  operative  costs,  exclusive  of 
overhead,  depreciation  and  repairs,  and  pay  of  watchman.  The  costs  in 
detail  for  each  of  these  jobs  follow: 

Table  XXV 

Per 
Kn.  ft. 
Rankine  Ave.,  N.  (1,000  Un.  ft.  trench) trench 

Operator,  62  hr.  at  32H  ct $0. 0200 

Helpers,  115  hr.  at  30  ct 0345 

Ga&oUne,  39  gal.  at  24H  ct 0090 

Oils,  4  qt.  at  9H_ct 0004 

Grease,  2  lb.  at  7H  ct 0001 

Total  (1,000  lin.  ft.) '.'.*.".'.!'.*.*.*.*.'.'.".*.*.*.  *.   $0. 0640 

Ranking  Ave.  8.  (800  lin.  ft.  trench) 

Operator,  26  hr.  at  35  ct $0. 0114 

Helper,  38  hr.  at  28  ct 0130 

GasoUne,  35  gal.  at  25  ct 0109 

Oils,  4  qt.  at  UK  ct 0006 

Grease,  1  lb.  at  9  ct 0001 

Total  (800  lin,  ft.) $0. 0360 

22nd  W.  of  Cranberry  (665  Un.  ft.  trench) 

Operator,  4  hr.  at  35  ct $0. 002 

Helper,  4  hr.  at  32H  ct 002 

GasoUne,  15  gal.  at  25  ct 006 

Oils,  3  qt.  at  llH  ct 

Grease,  1  lb.  at  9  ct 

Total  (665  Un.  ft.) $0. 010 

28th  W.  of  Sigsbee  (652  Un.  ft.  trench) 

Operator,  3  hr.  at  35  ct $0. 002 

Helper,  3  hr.  at  27  ct 002 

GasoUne,  12  gal.  at  25  ct 005 

Oils,  4  qt.  at  IIH  ct* ;  grease,  1  lb.  at  9  ct 001 

Total  (652  Un.  ft.) $0. 010 

Cherry  N.  of  Cranberry  (360  lin.  ft.  trench) 

Operator,  2  hr.  at  35  ct $0. 002 

Helper,  2  hr.  at  27H  ct 002 

GasoUne,  10  gal.  at  25  ct 007 

Oils,  3  qt.  at  IIH  ct. ;  grease,  1  lb.  at  5  ct, 001 

Total  (360  Un.  ft.) $0. 012 

5th  W.  of  Raspberry  (400  Un.  ft.  trench) 

Operator,  3  hr.  at  45  ct $0. 003 

Helper,  3  hr.  at  33  ct 002 

GasoUne,  12  gal.  at  27  ct 008 

Oils,  1  gal.  at  10  ct.;  grease,  1  lb.  at  5  ct 001 

Total  (400  Un.  ft.) SO.  0014 
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:7th  W.  of  Cuude  <420  lin.  H.  Uench)  treDch 

Operator.  2  hr.  Bt  45  ot t0.002 

Helper,  2  hr.  at  35  ot 002 

GusoUnB,  8  gal.    at  35  it X 005 

Oil*.  !  qt,  at  lOct 

Oreaie,  1  lb.  at  S  ct 

Total  UaOliiL  ft.) SO. 009 

Old  French  Road  (230  lio.  ft.  of  trench) 

Operator.  1  hr.  at  4B  ct 10.002 

Helper,  1  hr.  at  35  ct 002 

GaaoUne,  4  gal.  at  2S  ot 005 

Oils,  1  qt.  St  lOct 

Total  (330  Un.  ft.) ; 10,  DOS 

The  Aeures  on  the  last  six  jobs  reprasent  the  actual  time  the  laacblne  wan 
engaged  Id  treuching.  On  the  old  Fieach  Road  work  230  Un.  ft.  of  (reuch  waa 
excavated  In  one  hour,  wblle  In  tile  2Tth  St.  work  210  ft.  ol  trench  was  dug  In 
one  bour.  A  summary  of  the  opentiug  coats  on  the  six  jobs  ehowa  the 
following: 

Per 
Un,  ft. 

6  jobs  trenduDi  (2.T2T  Bn.  ft.)  trench 

Opentor.  IE  hr,  at  30  ot «n.mai 

Helper.  15  hi.  at  31K  ot 

GasoUne,  81  gal.  at  25,1  ot 

Oils,  13  4t.  aCIl  et 

Qreau,  5  lb,  at  BH  ot 


0060 

ooos 

0001 
Total  (2.727  lin,  ft.) SO,  0101 

The  trenching  machine,  a  Fawlltig  ii  Earnlwhfeger,  wa«  purchased  hj  the 
Water  D^artmeat  sailj  In  1017  at  a  cost  of  (5,660 1,  o.  b.  Erie. 

Ca«t  of  Sicarating  and  BackfllUag  Trench  b;  Machines. — Engineering 
N«m-Record,  Ma;  24,'  IBIT,  glvee  the  foUonlng.  Tlie  excavating  was  done 
bjr  a  muolcipall;  owned  Austin  excavator  which  wlU  dig  a  trench  72  in.  wide 
and  oort  SIO.OOO, 

The  cost  ot  operating  this  excavator  09  working  days  lor  a  64-ln.  force 
main,  at  on  average  depth  of  11  ft.,  was  (3665,  divided  as  loUowa:  Repalrn, 
SS08-  coal  and  oil.  tMO;  labor.  12308.  The  volume  of  matraial  excavated, 
baaed  on  daily  retorts,  waa  39.200  cu,  yd.,  or  by  computation  on  approximate 
■ections.  43,700  cu.  yd.  The  cost  par  cubic  yard,  based  on  the  d^y  reports, 
waa  B.3  c«ol8. 

Labor  waa  paid  aa  foilowe;  Foreman,  S4.501  timekeeper  (one-fourth  of  his 
Ume.  aa  he  waa  on  four  Jobs),  SI;  engineer,  %i;  walclmian.  S3;  flremao,  t2,T5; 
UboreiB,  S2,50;  team,  S5.  The  cost  of  repalra  waa  thus  divided:  Labor, 
S368:  repair  parti,  S3S2;  repair  work  at  local  shop.  IBS, 

CiiMt  Bi  BackfiUina  by  3n<am  SAo.J .—BackfllUng  waa  done  by  maana  of  a 
■maU  Bteun  shovel.  The  Job  waa  In  the  outskirts  ot  the  city,  and  the  excess 
dirt  waa  easily  disposed  of.  Cost  figures  are  not  available,  but  on  another  Job 
In  a  built-up  part  of  the  city  the  backflUlng  (^  a  4S-ln.  main  9620  ft.  long 
cost  S1I46,  or  4.S  cents  per  cu.  yd.  The  ciOBS-section  averaged  75.3  eq.  ft 
Kmm,  or  02.8  net.  for  backfill,  after  deducting  12.5  sq.  ft.  for  the  4S-ln.  pipe. 
TtiHB  were  22.143  cu,  yd.  in  the  trench  and  1500  cu.  yd.  Jnbeli  holes,  making  a 
total  backfill  ol  23,733  CU.  yd.  ag^nst  a  total  eicavattoa  of  20.7G7  cu.  yd. 
26 
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The  cost  of  the  backfilling,  plus  the  hauling  away  of  excess  material  (6024 
cu.  yd.)  and  the  refilling  of  the  street  suiface,  was  $6302,  or  a  unit  cost  of 
21.2  cents.  The  cost  of  removing  excess  material  and  refinishing  the  street 
suiface  was  $0,839  per  cu.  yd.,  a  high  cost  due  to  long  haul. 

The  steam  shovel  engineer  was  paid  $6  a  day.  Other  daily  wages,  all  for 
8  hours,  were:  Foreman,  $2.75;  watchman,  $3;  assistant  foreman,  for  hauling 
material  away,  $3;  teams,  $5;  and  two  pitmen,  $2.50  each. 

Saving  Effected  by  Using  Excavating  and  Pipe  Laying  Machinery. — The 
following  data  are  taken  from  Engineering  and  Contracting,  Feb.  12,  1919. 

Trenching  and  backfilling  machines  were  first  employed  by  the  Detroit 
Water  Department  in  1916,  and  in  1917,  and  their  value  was  so  fully  demon- 
strated that  more  equipment  was  purchased. 

In  his  report  for  the  year  ending  June  30,  1918,  Geo.  H.  FenkeU,  Greneral 
Manager  of  the  Water  Department,  gives  the  following  table  showing  the 
saving  effected  by  the  use  of  machines: 

All  hand  labor — Dug  and  backfilled  by  machine  — 

Saving 
Total  •  Total  by 

Feet         labor       Cost  per      Feet         labor       Cost  per    machine 
Sise^— Ins.      laid  cost  ft.  laid  cost  ft.  per  ft. 

6  59,238  $35,095  $0.59  60.407  $21,118  $0.35  $0.24 

8  33,161  19.108  .58  31.007  12,550  .40  .18 

12  4.628  5.159  1.11  5.863  2.845  .49  .62 

16  797  1,291  1.62  13.011  12,852  .99  .63 

On  the  42-in.  and  48-in.  pipe  lines  a  material  saving  was  effected  by  the  use 
of  mechanical  appliances  to  replace  hand  labor.  The  following  are  some  of  the 
most  striking  instances,  the  figures  being  based  upon  the  prevailing  scale 
of  wages: 

Labor  per  foot  in  laying  42-in.  and  48-in.  pipe  will  average  $8.70  by  hand, 
and  $3.50  by  machinery;  caulldng  averages  $1.32  per  joint  by  hand  and  $0.49 
using  pneumatic  hammers;  handling  and  lowering  each  pipe  by  hand  labor 
averages  $6.70  and  $1.88  using  the  steam  crane.  Backfilling  ditches  on  small 
lines  costs  about  9  ct.  per  lineal  foot  by  hand  and  3H  ct.  per  foot  by  machine. 

A  Scraper  fjir  Baclcfiiling  Trenches.^-S.  Leonard  Cyphers  gives  the  f ollowinir 
data  in  Engineering  and  Contracting,  July  23,  1913. 

The  "Go-Devil"  as  it  was  called  by  the  originator,  was  used  on  the  154- 
mUe  oil  pipe  line  near  Los  Angeles  to  minimize  the  cost  of  back-filling  the  ditch. 
This  ingenius  device  was  designed  and  first  used  by  James  R.  Kelly,  Super- 
intendent for  Mahoney  Brothers,  Contractors,  San  Frandsco,  on  the  con* 
struction  of  the  8-in.  oil  pipe  line  built  by  the  General  Petroleum  Co.  frcmi 
Shale  in  the  Midway  oil  fields  of  California  to  San  Pedro  on  the  coast.  It  was 
found  to  be  such  a  success  &bd  money  saver  that  it  w&s  adopted  by  other 
contractors  in  similar  work. 

The  appliance  illustrated  was  made  of  a  share  taken  from  a  Little  Western 
Road  Grader  and  a  handle  was  attached  in  the  manner  shown.  Chains  were 
attached  to  each  end  of  the  share  by  means  of  hooks  designed  to  shcMrten 
or  lengthen  the  chains  when  it  became  necessary  to  reverse  the  action  ot  ttie 
blade  on  return  work  upon  the  ditch.  It  is  drawn  by  four  head  of  stock 
attached  as  shown.  The  stock  are-hitched  in  pairs,  one  pair  being  driven 
on  the  dirt  to  be  turned  into  the  ditch,  the  other  pair  on  the  opposite  side  of 
the  ditch  and  pulling  at  an  angle  of  20**  to  30*  away  from  the  center  line  of 
ttie  ditch. 
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The  labor  lequiied  cooststed  of  a  teamster  and  one  other  man  whose  duty 
it  was  to  guide  the  absae  by  means  oi  the  handle.  In  operation  the  share 
runs  at  an  angle  of  20^  to  40**  to  the  center  line  of  the  ditch,  so  that  in  effect 
its  action  is  similar  to  a  plow  in  throwing  a  furrow. 

From  data  Itept  by  the  writer,  covering  a  period  of  several  months,  and 
from  sudi  sections  of  the  previously  mentioned  line  where  the  use  of  this 
"Oo-Devil"  was  practicable  the  following  facts  appear: 


Section  BB 
Showing  5h0e 


'/!!!! 


Direction  of  pull 


'■..^.yo'-r 


Fia.  25. — Scraper  for  backfilling  trench. 


By  means  of  this  device,  two  men  and  four  head  of  stock  were  able  to  fill 
approximately  5,000  ft.  of  ditch,  3  ft.  deep  and  IH  ft.  wide  in  a  day  of  nine 
hours  at  a  cost  as  follows: 

4  head  of  stock $10. 00 

1  teamster • 4. 00 

1  laborer 3.  50 


Total $17. 50 

This  shows  a  cost  of  about  0.2  ct.  per  cubic  yard.  These  figures  were  taken 
where  runs  were  at  least  one  mile  long.  Under  different  circumstances,  ^e 
figures  would  necessarily  vary. 

The  difficulty  encountered  in  the  use  of  the  Go-Devil  has  usually  been 
because  oi  an  att^npt  to  move  too  much  dirt  at  one  time,  and  also  because  of 
Inability  to  properly  handle  the  stock.  Four  to  six  rounds  are  necessary  to 
fiB  and  crown  a  3  or  4  ft.  ditch.  Upon  the  completion  of  this  number,  the 
ditcb  should  be  rounded  up  as  well  as  can  be  done  by  hand. 
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Table  for  BstixnAting  Water-Main  Bztension  Costs.— Allen  F.  Brewer  gives 
the  foilov^ing  data  in  Engineering  News-Record,  May  9,  1918. 

Table  XXYI  shows  how  an  itemized  calculation  for  imit  costs  of  water 
mains  may  be  prepared.  The  figures  quoted  have  been  assumed  arbitrarily, 
merely  to  serve  as  an  example. 

Such  a  tabular  estimate  is  of  much  value  where  affirmative  action  is  required 
of  a  State  Public  Utility  Commission  before  the  company  may  legally  charge 
for  water  supplied  by  any  new  extension.  It  wiU  lessee  the  work  of  the 
commission's  yaluation  engineers  markedly,  usually  doing  away  with  all 
investigation  on  their  part  except  for  a  cursory  check  of  the  data  subndtted. 

Tablb  XXVI. — Manner  of  Derivinq  Unit  Costs  of  Items  Involved  in 

Water  Main  Extensions 

Size  of  pipe  in  inches 

Item  and  description 4  6  8  10  12 

T^  ft  tfOriftl  * 
Weight  per' foot,  lb 19.  33       30.  25       42. 08       55. 91       73. 83 

Costofpipeperton.f.o.b.  siding.  $27.50     $26.00     $25.50     $25.25     $25.25 
Cost  of  specials  at  3%  of  cost  of 

pipe 83  .78  .77  .76  .76 

Total  cost,  pipe  ami  specials,  per 

ton., 28.33       26.78       26.27       26.01       26.01 

Carting  from   cars   to  trench   at 

Sl.OOperton 1.00         1.00         1.00         1.00         1.00 

Cost  per  ton,  delivered 29.33       27.78       27.27       27.01       27.01 

Cost  per  foot,  delivered 284         .  420         .  573         .  755         .  998 

Joint  material  (lead  and  cement), 

per  jt $  0.  300  $  0.  500  $  0.  700  $  0. 900  $  1. 100 

Joint  material  as  above,  plus  5% 

for  extras 315         .525         .735         .945       1.165 

Joint  material  as  above,  per  foot 

(1-12  of  above) 026         .044         .061         .070         .096 

Misc.  material  (blocks,  fuel,  etc.), 
per  ft $  0.002  $  0.002  $  0.003  $  0.003  $  0.004 

Total  material,  per  ft $  0.  312  $  0. 466  $  0. 637  $  0. 837  $  1. 098 

Storeroom  expense  (3%  of  mater- 
ial cost) 009         .014         .019         .025         .033 

Total  material  cost S  0.  321  $  0. 480  S  0.  656  $  0. 862  $  1. 131 

Labor: 

Average  width  of  trench,  ft 1.5  1.66         1.75         1.83         2.0 

Total  depth  of  trench,  ft 3.42         3.  57         3.  75         3.91         4 .  08 

Contents  of  trench  per  foot,  cu.  ft .       5.13         5.95         6.57         7.17         8.16 
Contents     of     trench     per     foot, 

cu.  yd 19  .22  .243         .265         .303 

Trenching  and  backfilling  (at  60c. 

per  yd.),  per  ft 114         .132         .146         .159         .182 

Laying,    calking,    setting    valves, 

etc 023         .027         .030         .035         .040 

Total,  labor  laying  pipe $  0. 137  $  0. 159  $  0. 176  $  0. 194  $  0.  222 

Tools,  carting,  lost  time,  overhead, 

etc.  (10%  of  above) $  0. 014  $  0. 016  $  0. 018  $  0. 019  $  0.  022 

Total  labor  cost $  0. 151  $  0. 175  $  0. 194  $  0.  213  $  0.244 

Total  labor  and  -  material   costs, 
per  ft S  0.472  $  0.665  $  0.860  $  1.075  $  1.376 
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Cost  ci  Laying  Cast  Iron  Water  Pipe  in  the  City  <kf  Chicago. — ^Table  XXYII. 
published  in  Engineering  and  Contracting,  Oct.  11,  1911,  is  a  result  at  the 
compilation  of  the  cost  of  laying  cast  iron  water  pipe  in  the  city  of  Chicago 
(or  a  period  of  10  years.  The  costs  were  compiled  in  the  City  Engineer's 
office  from  careful  records  of  ccmtract  work.  The  table  has  since  been  used 
as  a  check  on  later  work  and  has  been  found  to  be  very  close.  The  rates  of 
wages  for  all  men,  and  the  prices  of  all  kinds  of  material  are  given  so  that  by 
the  substitution  of  present  rates  and  prices  a  very  close  estimate  can  be  made. 


Table  XXVIIy — Appboximatb  Cost  of  Latino  Cast  Ibon  Watbb  Pipb  in  the 
Items  CiTT  OF  Chicago 

Size  of  pipe  in  inches 

Weight  4  6  8  10 

Hpe  per  12  ft.  length 290  420  665  756 

Pipe  per  ft.  in  lbs 26  36  47  63 

Yarn  per  joint  in  lbs 19  .36  .60  .50 

Yarn  per  ft.  in  lbs 016  .03  .042  .06 

Lead  per  joint  in  lbs 6  8  11  13 

Lead  per  ft.  in  lbs 50  .67  .92  1.08 

Cost 

Pipe  per  ft.  at  $23  per  ton 29  .  4026  .54  .73 

Yarn  per  ft.  at  .08  cts.  per  lb 0013  .  0024  .  0034  .  004 

Lead  per  ft.  at  .06  cts.  per  lb 026  .  0336  .  046  .  054 

Teanung  at  $1.00  per  ton 0125  .0175  .0235  .0315 

Ezcav.  and  refilling  6-ft.  trench 096  .  120  .  130  .  16 

Pipe  laying,  caulking  and  cutting 015  .02  .025  .028 

Totol  co6t  for  average  work  per  ft 439       .  596         .  768       1. 01 

Ad.   coet  for  blocking  and  if  needed  for 

bracing 04.       .05  .08  .11 

Coet  of  setting  valves 1. 00       1.  25         1.  50         

Cost  setting  single  hyd.,  12  ft.  4-in.  pipe ....      8.  60     Special  castings  at  2H  cts. 

§er  lb. 
pecial  castings  at  2^4  cts, 
per  lb. 
Cost  building  hydrant  and  valve  basins 30. 00       

Specials  not  included  in  above. 

Repaving  per  square  yard:  Cedar  block  on  plank  or  on  crushed  stone,  60  cts.: 
brick  on  concrete,  $2.00;  macadam,  9  ins.  deep,  40  cts.;  12  ins.  deep,  60  cts.; 
granite  block,  $1.50;  asphalt,  $3.00.' 

Rock  requiring  blasting  will  cost  an  average  of  $3.00  per  cu.  yd. 
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The  costs  (Table  XXVII)  are  based  mi  the  following  rates  (or  labor  aud 
material. 

8  hrs.  •■  da^'s  work. 
Foreman,  $3.75  per  day. 
Caulker,  $2.50  per  day. 
Timekeeper,  $2.76  n&c  day. 
LalxNTer,  $2.25  per  day. 
Watchman,  $2.00  per  day. 

Mason,  $4.00  per  day. 
Helper,  $2.50  per  day. 
Brick,  $6.50  per  M. 
Timber,  $16  per  M. 
Cement,  $2.25  per  bbl. 
Sand,  $1.25  per  cu.  yd. 

Hydrant  covers,  $6.75  ea. 

Valve  covers,  $7.50  ea. 

Bottoms,  $1.50  ea. 

4-in.  valves,  $14.00  ea. 

6-in.  valves,  $18.00  ea. 

8-in.  valves,  $  35.00  ea. 

Hydrants,  ea.  Dbl..  $38.00;  SgL  $26.00      - 

Cost  of  Water  Mains  at  Los  Angeles. — Table  XXVIII  from  the  last  amuial 
report  of  Thos.  Brooks,  Assistant  Superintendent  and  published  in  Engineer- 
ing and  Contracting,  March  12,  1919,  shows  the  cost  oi  Itkying  4-in.  and  6-in. 
cast  iron  pipe  in  6  months'  periods  from  July  1,  1911,  to  July  1,  1918: 

Table  XXVIII 

Av.  cost      Av.  cost 

of  pipe        of  labor       Average     Total  cost 
Year  per  ton       per  foot       per  foot         per  ton 

4-inoh 

1911 $32.70  $0.0967  $0,519  $51.90 

1912 33.88  .0995  .548  51.46 

1912 35.05  .1189  .607  56.05 

1913 36.22  .1144  .603  55.62 

1913 32.42  .107  .553  51.10 

1914 32.42  .109  .544  50.27 

1914 33. 13  .122  .647  59. 77 

1915 30.17  .145  .620  57.18 

1915 28.85  .145  .626  57.68 

1916.. 31.96  .145  .660  60.88 

1916 38.40  .161  .741  68.33 

1917... 43.66  .174  .807  74.42 

1917 55.60  .175  .93  85.62 

1918 75.17  .173  1.14  105.51 

6-inch 

1911 31.60  .133  .776  48.98 

1912 33.71  .127  .782  49.48 

1912 33.04  .163  .869  61.66 

1913 33.93  .1695  .856  51.42 

1913 31.24  .164  .822  49.84 

1914 31.24  .170  .836  60.18 

1914 31.20  .149  .833  60.06 

1915 28.60  .160  .799  48.01 

1915 31.09  .171  .878  52.71 

1916 33.72  .171  .941  66.64 

1916 34.65    .         .182  .977  68.71 

1917 40.11  .212  1.07  64.23 

1917 41.43  .221  1.11  66.71 

1918 44.92  .242  1.26  75.23 

It  will  be  noted  from  the  table  that  the  increased  labor  cost,  as  might  be 
expected,  keeps  pace  with  the  increasing  cost  of  material.  The  day  wage  has 
been  raised  from  $2.26  to  $2.50  to  $2.76  and  $3,  but  while  wages  have  been 
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increased,  the  efficiency  shows  a  decrease  of  possibly  one-third  from  old 
standards.  Foremen  with  gangs  of  less  than  half  the  normal  nmnber,  and 
many  small  instead  of  long  straight-away  jobs  also  show  their  effect  on  unit 
costs  which  in  the  last  year  reached  the  maximum. 

Owing  to  the  war  conditions  the-  tonnage  of  cast  iron  pipe  laid  in  the  fiscal 
year  1917-18  by  the  Construction  Department  was  the  smallest  of  any  year 
in  the  history  of  the  Department.  Only  1,435  tons  were  laid  as  against  4,036 
tons  for  the  year  preceding  and  6,420  tons  for  the  year  1916-16.  Of  this 
tonnage,  approximately  two-thirds  was  in  4  and  6-in.  sizes.  The  tonnage 
represents  a  footage  of  75.799  ft.,  or  14.36  miles,  laid  at  a  total  expenditure  of 
$103,464.  In  1915-16  the  average  cost  of  cast  iron  pipe  laid,  including  resur- 
facing costs  was  $50.93;  in  1916-17  this  had  increased  to  $60.60  per  Um.  and 
for  the  year  ending  July  1,  1918,  the  charges  had  mounted  to  $72.10  per  ton. 

Cost  of  Laying  Water  Mains  at  Hartford,  Conn. — During  the  1919  season 
the  Water  Commissioners  of  Hartford,  Conn.,  laid  37,400  ft.  of  4-in.  to  4.2-in. 
main  pipe.  Of  this,  3,234  ft.  were  renewals  and  34,  166  ft.  were  extensions. 
The  force  employed  consisted  of  two  foremen  and  a  total  average  gang  of  42 
men.  The  following  table  given  in  Engineering  and  Contracting.  Dec.  8, 
1920,  is  from  the  report  of  the  Commissioners  for  the  year  ending  March  1, 
1920,  and  shows  the  average  costs  of  main  pipe  work  in  1919,  and  a  comparison 
with  previous  years: 

Cost  per  linear  foot 

1919 

Length  Mat'l 

laid  incl. 

Sue.           1919,  transpor-                     1918         1917       1916       1915 

inches         feet       Labor  tation       Total       Total       Total    Total     Total 

4  411  $0.74  $1.06  $1.80       $ $1.20  $0.81     $ 

6  3,560  0.88  1.72  2.60  2.43     1.46  1.26 

8  10,160  0.92  2.20  3.12  3.45  2.41  1.66  1.62 

10  3,773  1.31  3.22  4.53  *4.72  3.00  2.15  1.93 

12  '           539  1.72  3.71  5.43  4.15  4.12  2.82  2.43 

16  547  1.38  8.17  t9.55  6.17  4.92  4.58     

*  Includes  some  macadam,     t  Two  special  bridge  croesings. 

Labor $    3. 55  for  eight  hours 

Pipe 60. 00  per  ton 

^>eciak 110.00  per  ton 

Lead 0. 09  per  pound 

No  overhead  charges. 

Only  a  small  amount  of  pipe  laying  was  done  during  1918  by  the  Water 
Department  of  Hartford,  Conn.,  due  to  lack  of  building  and  absence  of  re- 
quests for  extensions.  The  cost  of  this  work  was  very  much  in  excess  of  any 
pvevkms  figures  of  the  department,  due  to  high  wages,  excessive  cost  of  mate- 
rials and  difficulty  in  obtaining  proper  labor.  The  following  table  given  in 
Engineering  and  Contracting,  May  12,  1920,  is  from  the  report  of  Caleb  Mills 
SaviUe,  Manager  and  Chief  Engineer  of  the  Department,  and  shows  the 
average  figures  for  costs  in  1918. 

— ' Cost  per  lin.  ft. 

Length  laid  Material  in- 

flue,  in.  1918,  ft.  Labor  eluding  cartage      Total,  1918 

6  1.736  0.83  1.31  2.14 

8  5,431  1.45  2.14  3.59 

10  3,561  1.37  3.56  4.93 

12  336  1.11  3.04  4.15 

10  570  1.29  4.88  6.17 
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The  1018  costs  are  based  on  the  following:  Unskilled  labor,  average  $3.50 
for  8  hours;  pipe,  $60  per  ton;  specials,  $110  per  ton;  lead,  0  ct.  per  pound;  no 
overhead  charges. 

The  following  table  shows  relative  costs  before  the  war  and  during  1018. 

1918 
Labor,  average  of  45  permanent  employes,  per 

8-hour  day $  4. 30 

Cast  iron  pipe  per  ton 65. 00 

Lead  per  100  lbs 7. 15 

Meters  (^  in.) 18. 00 

Valves.  6  in 20.00 

Valves,  8  in 31. 40 

Valves.  10  in 49. 00 

Hydrants  2-way 49. 90 

Hydrants  2-way  steamer 54. 75 

Hydrants  4-way 66. 10 

Cost  of  Laying  1$  miles  of  20-in.  Cast  Iron  Water  Pipe. — M.  V.  Moulton 
in  Engineering  and  Contracting,  Oct.  26,  1910,  gives  the  cost  of  laying  the 
20-in.  supply  main  for  the  city  of  Cheyenne,  as  follows: 

Labor  Cost  of  Laying  83,328^  Ft.  of  20-in.  Cast  Iron  Water  Main 

Per  lin.  ft. 
Item  Total  eta. 

192K  dys.  No.  0  excavator  at  $10 $  1,922. 50  ^5. 24 

146  dys.  No.  1  excavator  at  $16 2,336. 00  t5. 84 

2,910  dys.  E.  &  C.  bell  holes  at  $2.50 7,275. 00  8.  73 

949.8  dys.  laying  pipe  at  $2.50 2,374.  50  2. 84 

199  dys.  yarning  at  $3.50 696.  50  0. 79 

190  dys.  lead  heating  at  $2.75 522. 50  0.  68 

174H  dys.  pouring  at  $2.75 479.87  0.58 

219  dys.  caulking  at  $3.50 766.  50  0. 92 

237H  dys.  helper  at  $2.50 593. 75  0. 71 

116  dys.  testing  at  $3 348.00  '0.42 

304M  dys.  refilUng  at  $7.50 2,284. 00  2. 74 

453  dys.  foreman  at  $4 1 ,812. 00  2. 18 

410  dys.  teams  and  teamsters  at  $5 2.005. 00  2. 40 

147  dys.  blacksmith,  at  $4 588. 00  0.  70 

Pumpmen 119. 00  t99. 2 

Total $24, 123. 12 

•  Figured  on  36,700  lin.  ft.  t  Figured  on  39,600  lin.  ft.  t  Figured  on  1,200 
lin.  ft. 

Extra  Work  in  Laying  83,328H  Ft.  of  20-in.  Cast  Iron  Watkr  Main 

Item  Total 

Rock  excavation  near  intake $      48. 00 

Rock  excavation  west  of  Round  Top 877.  80 

Cutting  oflf  176  pipe /  70.  40 

Extra  fill  near  intake 162.  30 

Extra  depth  of  trench 698.  59 

Diverting  creek 38.  85 

Replacing  broken  pipe 330.  00 

Hauling  pipe 131 .  43 

Total $2,367.32 

Adding  these  two  totals  gives  $24,123.12  +  2,357.32  «  $26,480.44,  which 
divided  by  83,  328.5  lin.  ft.  gives  a  cost  of  31.8  cts.  per  lin.  ft.  The  contract 
price  was  39  cts.  per  lin.  ft. 
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The  wages  paid  did  not  always  correspond  to  the  scale  adopted  therein,  I 

but  in  most  cases  the  average  wages  paid  will  be  about  the  same  as  those  given.  I 

An  exception  is  the  cost  of  teams  for  backfilling,  the  actual  cost  of  teams  for 
rolling  during  May  and  June  being  $9.50  for  a  team  and  two  men.    Final  ; 

estimate,  including  all  previous  estimates  and  extras  allowed  Messrs.  Bash 
and  Gray,  was  $35,246,62.  making  the  actual  cost  to  the  City  of  Cheyenne  a  ■; 

little  more  than  $.42  per  lin.  ft.    The  average  weight  of  the  20-in.  pipe  was  |i 

1,631  lbs.,  and  the  cost  of  the  pipe  deUvered  on  the  line,  including  hauling,  |^ 

transportation  and  cost  of  material,  was  $29.70  per  ton.  or  $2.02  per  lin.  ft., 
making  the  total  cost  of  the  line  when  completed  $2.44  per  lin.  ft. 

So  far  as  possible,  the  trench  excavation  was  done  by  a  No.  0  and  a  No.  1^ 
Municipal  Trenching  Machines.  The  former  was  driven  by  a  4-cylinder 
gasoline  engine  and  was  capable  of  digging  a  trench  28-ins.  wide  and  7  ft.  deep. 
The  No.  1  was  a  steam  driven  machine  capable  of  digging  a  trench  28-ins.  wide 
and  10-ft.  deep. 

This  machine-dug  trench  had  to  be  widened  and  deepened  at  the  bell  points 
to  allow  free  access  for  yarning  and  calking,  considerable  hand  grading  and 
straightening  of  the  trench  had  to  be  done  also  before  the  pipe  could  be 
properly  laid.  All  this  was  hand  work  and  is  included  in  cost  data  under  hand 
grading  and  bell  holes. 

The  pipes  were  lowered  and  entered  by  means  of  a  derrick,  formed  by  two 
A-ehaped  forms  connected  by  a  beam,  each  end  equipped  with  a  rope  windlass 
and  two  single  blocks;  one  man  at  each  windlass  lowered  a  pipe  and  the  pipe  ■ 

last  laid  was  driven  home  with  the  pipe  that  was  stUl  swinging  from  the  derrick.  j 

This  derrick  was  pulled  ahead  by  a  pony.     From  15  to  20  pipes  an  hour  could  i 

thus  be  placed  by  a  gang  of  7  men,  though  the  average  daily  progress  did  not 
equal  this  rate.  ' 

The  calking  was  done  with  a  pneumatic  hammer,  a  small  gasoline  compres-  ; 

8or,  m^ntaiuing  a  pressure  of  not  less  than  65  lbs.  per  sq.  in.,  supplied  the  * 

hammer.     This  compressor  was  mounted  on  an  ordinary  wagon  truck.  ' 

The  pipe  was  tested  in  sections  of  variable  length,  the  maximum  pr^sure  | 

bdng  150  lbs.  per  sq.  in. 

Cost  of  Constructing  Two  18-in.  Cast  Iron  Water  Mains  by  Day  Labor  for 
the  Fort  William,  Ontario,  Water  Supply. — The  following  data,  published  in 
Engineering  and  Contracting,  May  18,  1910,  are  from  a  paper  by  H.  Sydney 
Hancock.  Jr.,  presented  to  the  Canadian  Soc.  of  Civil  Engs.  { 

Supply  Main  to  Reservoir. — The  line,  winch  was  10,200  ft.  in  length,  was  | 

located  to  avoid  solid  rock  as  far  as  possible;  8,400  ft.  was  in  a  marly  clay  with  • 

occasional  boulders,  6,000  ft.  in  musdceg  and  1 ,200  ft.  in  solid  rock.    The  grade  i 

Itaie  was  kept  at  a  minimum  depth  of  4  ft.  6  ins.  to  insure  at  least  3  ft.  of  cover.  i 

In  ttie  muskeg  sections  day,  cm  which  the  pipe  was  laid  was  foimd  at  a  depth  , 

of  about  4  ft.  I 

One  18-in.  gate  valve  was  placed  near  the  middle  ot  the  line  and  a  second  I 

dose  to  the  reservoir.    A  check  valve  was  also  placed  50  ft.  back  from  the  ! 

reservoir  and  two  18-in.  valves  in  the  two  bye  pasa  lines  leading  from  the  i 

supply  main  parallel  to  the  east  wall  and  past  the  reservoir  to  the  two  18-in.  I 

pressure  mains.    A  cluster  of  three  1-in.  Brook's  air  valves  at  every  summit  j> 

and  a  6-in.,  off  18-in.,  blow  off  4t  every  depression,  a  drainage  ditch  on  a5- 
lOtbfl  grade  being  executed  at  each.    Manholes  of  dry  rubble  were  built  over  [ 

eadi  air  valve  cluster  and  over  the  gate  valves.    The  pipes  were  of  standard 
■pedfication,  the  limits  of  weight  being  from  1,800  to  1,950  lbs.  per  12-ft. 
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The  entire  work  was  done  by  day  labor.    Wages  paid  were  as  follows: 

Superintendent,  per  mo $150. 00 

Sub-foreman,  per  lir .40 

Blacksmith,  per  lir .35 

Calkers,  per  nr .30 

Laborers,  per  hr .25 

The  cost  of  the  work  was  as  follows: 

Item  Total         Per  lin.  ft. 

Cleaning  and  grubbing $      460  $0. 045 

Trenching  and  backfilUng  rock,  labor , 1 ,698  

•Materials 193  


Total $  1 ,891  $0. 186 

Earth,  labor 4.504  

Tools  and  materials 725  


Total $5,229  $0,512 

Pipelaying,  labor 1 ,065  0. 106 

Lead,  yarn,  tools 1 ,  632  0. 160 

Total $2,697  $0,266 

Cast  Iron  Pipe: 

760,858  tons  at  $40 $30,691           

13,812  sleeves,  specials  at  3  cts 414           

Total $31,105           

Less  credits 183           


Net  total $30,922  $3,030 

Hauling  pipe 2,130  0.209 

Manholes,  labor 162           

Materials 54           


Total $      216  $0,021 

Valves 652  0.  064 


Grand  total $44,198  $4,332 

PreBBure  Main  From  Reservoir . — This  line  waa  12,520  ft.  long,  including  bye- 
passes.  Six  inch,  off  18-in..  "blow-offs"  were  placed  every  half  mile,  as  well 
as  at  depressions.  Three  clusters  of  three  1-in.  Crispin  automatic  air  valves 
were  placed  about  4,000  ft.  apart. 

The  pipe  used  was  18-in.  diameter  ca^-iron  pipe  of  standard  specification, 
from  1,900  lbs.  to  2,000  lbs.  for  all  heads  over  200  ft.,  and  1,800  lbs.  to  1,900 
lbs.  for  all  heads  less  than  200  ft.,  exciting  across  the  property  of  the  Grand 
Trunk  Pacific  Ry.,  where  no  pipe  of  less  than  2,050  lbs.  was  used.  The  line 
was  cut  into  three  sections  by  two  18-in.  geared  gate  valves. 

As  there  was  greater  possibility  of  the  territory  through  which  this  line 
passed  becoming  inhabited,  the  minimum  depth  for  the  invot  of  the  pipe  was 
fixed  at  6  ft.,  but  in  deference  to  the  wishes  of  the  Grand  Trunk  Pacific 
Railway  Co.  the  grade  line  across  their  property  averaged  a  depth  of  12  ft.  A 
12-in.,  off  18  Ins..  cross  was  placed  for  the  futuro  water  requirements  of  the 
Grand  Trunk  Ry. 

It  was  decided  that  the  sand  and  swamp  portions  of  the  line  could  be  laid 
more  economically  during  the  winter,  as  at  that  season  the  movement  of  the 
sub-soil  water  is  more  sluggish  and  the  depth  of  frozen  ground  obviated  tbe  use 
of  sheet  piling.  These  advantages  were  considered  to  more  than  compensate 
for  the  cost  of  shoveling  snow  and  the  difficulty  of  excavating  frozen  ground. 
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Seven  thousand  feet  of  pipe  were  laid  south  from  tlie  river  in  February  and 

March  at  an  average  rate  of  372  ft.  per  day.    The  upp^  section  of  the  pipe 

was  laid  during  May  and  June. 

No  unusual  features  developed  during  the  progress  of  the  worlc,  the  cost  of 

which  was  as  follows: 

Per  lin.  ft.  Total 

Clearing  right  of  way $0. 008  $       103. 60 

Excavating  trench  labor 0. 423  5, 294. 10 

Tools 0. 028  366. 25 

Bacltfilling  and  temping 0. 104  1 ,297. 34 

Totel $  7,061. 19 

Cast  iron  pipe  (18-in.) S3. 060  $38,310.87 

Inspection  at  foundry 0. 021  267. 63 

Pig  lead 0.147  1,832.90 

Yarn 0.003  37.46 

Specials 0.041  541.56 

Hauling  material 0. 048  607. 20 

Totel $41 ,670.  61 

Skidding  and  laying  pipe,  labor $0. 258  $  3.228. 02 

Tools,  lumber,  plant 0. 043  637. 19 

Accident 0.004  62.00 

Totel $  3,817. 21 

Cuhrerte  and  road  repairs $0. 021  $       262. 81 

6  gate  valves 0.080  1,007.00 

8  blow  oflF  valves 0. 015  186. 43 

9  air  valves 0.012  151.08 

Totel $  1,344.51 

Manholes,  fountain,  head  walls,  etc $0. 057         $       702.  76 

Engineering  and  supt 0. 090  1 .  131.  20 

Totel  cost  of  pipe  Une $4. 463         $65,880. 29 

Repairs  and  alterations  at  river  crossing $  1 ,  015. 40 

Totel  cost.  Section  IV $56,896.  69 

In  the  above  work  common  labor  was  paid  22H  to  26  cts.  per  hour,  calkem 
30  cts.  per  hour  and  a  superintending  foreman  $150  per  month.  Cast-iron 
pipe  cost  $36.76  per  ton  at  the  local  foundry,  and  specials  $66  per  ton.  Pig 
lead  cost  $3.80  per  100  lbs.,  and  yam  8H  cts.  per  lb.  Nearly  half  a  mile  of  the 
line  was  inaccessible  to  teams,  and  as  a  consequence  the  cost  of  skidding  and 
handling  pipe  was  high. 

Cost  of  Laying  10,1S7  Ft.  of  12-in.  Water  Pipe  by  Day  Labor  at  Tuscaloosa, 
Ala. — The  following  date  were  puUished  in  Engineering  and  Contracting, 
July  6,  1910. 

The  work  consisted  in  laying  10,187  ft.  of  12-in.  pipe  and  erecting  thereon 
two  hydrants  with  92  ft.  of  4-in.  pipe.  Prior  to  sterting  the  work  all  the  pipe 
had  been  placed  along  the  line  of  trench.  For  laying  the  pipe  five  Mueller 
tripod  derricks  and  equalizers  were  set  and  10  lengths  or  120  ft.  of  pipe  were 
eramected,  calked  and  handled  at  once.  The  trench  was  3  ft.  deep.  With 
an  average  gang  of  40K  uien  and  two  teams  the  work  was  accomplished  in 
19  working  days  and  23  days  total  time.  The  average  length  of  pipe  laid 
per  10-hour  day  was  633.5  ft.;  the  maximum  day's  work  was  1,059  ft.  of  pipe 
laid.  After  completion  the  pipe  was  tested  to  125  lbs.  hydrostatic  pressure 
and  only  two  leaks  developed.  These  were  at  joints  whose  pipe  had  been  laid 
one  length  at  a  time  in  crossing  another  pipeline  and  where  the  ground  was  too 
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rough  to  permit  lining  up  10  lengths  at  once.    There  were  no  leaks  in  any  of 
the  joints  caulked  on  the  surface. 

The  wages  paid,  working  a  10-hour  day,  were:  Laborers,  $1.25;  yamers 
and  calkers,  $1.50  and  $2;  foreman,  $2,  and  team  and  driver,  $3.50  The  cost 
of  the  work  was  as  follows: 

Labor $1 ,051.  69 

950  lbs.  oakum  at  3H  cts 33.  25 

15,864  lbs.  lead  at  5.15  cts 817.00 

1 ,800  lbs.  coal  at  $2  per  ton 1. 80 

15  gals,  coal  oil  at  17  cts 2.  55 

Lanterns,  nails,  etc 11. 95 

Total $1,918.24 

This  gives  a  cost  of  18.9  cts.  per  lin.  ft.  of  pipe  laid.  A  bid  received  for 
the  work  asked  30  cts.  per  lin.  ft.  for  laying  the  12-in.  pipe,  10  cts.  per  lin. 
ft.  for  laying  the  4-in.  pipe,  and  $3  each  for  setting  the  hydrants  or  a  total 
of  $3,056.30. 

Cost  of  Laying  IS- in.  Pipe  in  Deep  Trench  with  Quicksand  Bottom. — L.  R. 
Howson,  who  was  Resident  Engineer  in  charge  of  the  construction  of  the 
gravity  water  supply  for  Norway,  Mich,  gives  the  following  data,  in  an  article 
describing  this  work,  in  Engineering  and  Contracting,  Dec.  13,  1911. 

The  system  as  planned  comprises  a  12-m.  cast  iron  pipe  connection  between 
the  lakes,  an  inlet  in  Forest  Lake,  a  concrete  screening  chamber  on  the  shore 
of  Forest  Lake,  a  12-in.  cast  iron  gravity  pipe  line  23,000  ft.  in  length,  a  rein- 
forced concrete  reservoir  and  connections  with  the  present  distribution  system 
and  pumping  station. 

No  exceptional  difficulties  were  encountered  until  the  "deep  cut*'  section 
of  4,000  ft.  nearest  the  lake  was  reached.  This  section  had  an  average  cut 
of  about  14  ft.  with  a  maximum  of  21  ft.,  and  the  amount  of  water  in  the  ditch 
varied  from  4  to  9  ft.  in  depth  when  the  pumps  were  closed  down.  The  orig- 
inal contractor  removed  the  top  6  ft.  of  material  with  teams  and  slip  scrapera, 
then  started  his  sheathing  and  hand  excavation.  For  the  first  few  hundred 
feet  the  water  was  taken  care  of  by  two  diaphragm  pumps,  the  ditch  being 
dammed  with  sod  behind  each  bell  to  prevent  flow  from  behind.  Progress 
became  continually  slower,  and  it  was  apparent  that  power  pumps  and  other 
methods  must  be  used  and  the  contractor  defaulted. 

The  National  Surety  Co.  as  bondsmen,  sublet  the  contract  to  a  Chicac^o 
contracting  firm,  who  started  on  the  deep  cut  after  numerous  delays.  Thejr 
tried  two  No.  2  Nye  vacuum  pumps  to  handle  the  water,  but  as  the  entire 
trench  was  fa  a  sand  carrying  a  great  deal  of  water,  the  vacuum  pumps  on 
open  suction  cared  for  only  a  shoi;J  length  of  ditch,  and  progress  was  still  very 
slow.  An  Emerson  vacumn  pump  with  well  points  was  next  tried.  Four 
manifolds  of  well  points  each  20  ft.  long  and  carrying  16  IK-ln-  points  36 
ins.  in  length  were  purchased,  and  in  this  way  80  ft.  of  ditch  could  be  opened 
and  pipe  laid  at  one  pump  setting. 

Contractor  No.  2  also  handled  his  top  material  differently,  using  a  30-toii 
steam  shovel  with  30-ft.  boom  and  1-yd.  dipper.  Owing  to  the  quicksand  bot- 
tom, the  necessity  for  tight  sheathing  and  the  presence  of  large  boulders,  this 
proved  to  be  an  impracticable  way  of  removal.  This  contractor  too  became 
discouraged  after  laying  only  500  ft.  in  three  months  of  experimenting  and  also 
defaulted. 

The  city  of  Norway  was  in  great  need  of  water  at  this  time  (July,  10  lO), 
and  decided  to  complete  the  work  under  the  supervision  of  the  engineers  by 
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foioe  account.  The  steam  shovel  was  dismantled  and  the  top  material  re- 
moved by  scraper  as  before,  at  a  considerable  reduction  in  cost  due  to  the 
excessive  amount  removed  by  the  steam  shov^  to  cut  out  its  running  benches. 
The  Emerson  pump  and  well  points  were  now  operated  day  and  night,  and 
in  this  way  effectually  lowered  the  ground  water  level  below  the  grade.  Lead 
wool  had  been  used  in  the  joints,  but  when  the  trench  was  dried  by  continuous 
pumping  the  poured  joint  was  again  adopted.  Sixteen  foot  planks  were  used 
for  sheathing,  and  three  or  four  sets  of  4-in.  X  8-in.  stringers  were  required. 
In  some  places  the  bank  was  so  heavy  that  braces  were  necessary  at  3-ft. 
intervals  and  6  ft.  was  standard.  Bell  holes  were  kept  dry  with  diaphragm 
pumps  where  necessary. 

Progreaa  and  Coat. — Proceeding  in  this  way.  an  average  of  50  ft.  per  day  was 
U^d  at  a  cost  of  $2.57  per  ft.  Deducting  salvage  in  pumping  machinery  and 
planks  purchased,  the  net  cost  was  a  trifle  under  $2.50  per  lin.  ft.  Common 
labor  was  paid  at  the  rate  of  25  cts.  per  hour. 

After  the  city  assumed  charge  of  the  work,  there  were  no  accidents  or  delays 
of  any  kind.  Previous  to  this,  one  man  had  been  killed  and  four  "bottom 
men"  buried  in  a  quicksand  "cave-in"  for  14  hours  before  they  could  be  re- 
moved. The  ditch  besides  having  depth,  quicksand  and  water,  paralleled 
a  railroad  track  but  25  ft.  off  center,  and  the  jar  from  passing  trains  added  new 
difficulties  to  those  already  present.  The  last  500  ft.  of  pipe  was  laid  along 
the  edge  of  the  lake  some  10  ft.  from  the  water,  and  from  6  to  7  ft.  below  the 
water  level,  but  due  to  the  impervious  character  of  the  deposit  in  the  lake  bed, 
the  difficulty  of  handling  the  water  was  less  than  was  found  in  caring  for 
the  ground  flow  further  removed  from  the  lake. 

Cost  of  Laying  10,69S  Lin.  Ft.  of  8-in.  Water  Main  at  Tuscaloosa,  Ala. — 
C.  E.  Abbott  gives  the  following  data  in  Engineering  and  Contracting,  Nov.  > 

16,  1910.  ; 

On  July  22,  1910,  work  was  started  at  Tuscaloosa,  Ala.,  of  laying  an  8-in. 
main  to  the  A.  G.  S.  depot,  a  distance  of  10,693  ft.,  inserting  10  valves  and  ' 

locating  thereon  23  fire  hydrants  and  7  specials  for  future  extensions,  using  j 

60  ft.  of  6-in.  pipe  and  3 12  ft.  of  4-in.  pipe.     Prior  to  starting  this  work  all  pipe,  ' 

fittings,  valves  and  hydrants  had  been  distributed  along  the  route.  This 
main  was  laid  to  replace  a  4-in.  and  3-in.  main  along  the  main  thoroughfare 
to  the  cemetery  and  the  A.  G.  S.  depot. 

The  streets  had  been  graveled  and  rolled  with  a  5-ton  roller,  making  the 
first  6  ins.  of  very  hard  picking.  The  trench  was  3  ft.  deep  from  the  surface 
of  the  ground  the  entire  distance,  except  420  ft.,  which  was  5  ft. 

The  main  was  tested  to  125  lbs.  hydrostatic  pressure  without  a  single  leak. 

The  work  was  done  by  day  labor  under  the  personal  supervision  of  the  writer 
at  the  following  cost. 

Labor $    986. 43 

11.276  lbs.  lead  at  $4.85 546.  84 

760  lbs.  oakum  at  3H  cts 26.  60 

1,000  lbs.  coal  at  $2  per  ton 1. 00 

Nails,  etc .60 

Oil 2.  55 

S-in.  plug  wood 1 .  50 

Total $1 ,  565. 52 

This  gives  a  cost  of  14.2  cts.  per  lin.  ft. 

In  laying  this  pipe.  120  ft.  were  laid  at  a  time,  using  tripod  derricks,  equal- 
izeiB,  tongs,  etc. 
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The  time  required  to  complete  this  eitensloo  vas  IS  da;B,  of  10  houn  eadi; 
avera^  number  of  men  each  day,  44  4-5 ;  greatest  nunther  of  feet  of  pipe  Uid 
hi  one  day;  OM;  average  number  feet  per  day,  737  2-3;  price  paid  labor.  12H 
eta.  per  Imur,  yamera  and  c*lkeiB  IS  and  20  ctn.  per  hour. 

Coat  of  La^nc  mt->L  of  (-in.  Vater  IHpe  BitaDiloni.— The  foUowii^i 
table  la  prepared  from  data  Eiveu  by  Clark  A.  Bryan  in  EnghieeiiiiK  and 
Contracting.  July  2.  lets. 

Tablii  XXIX.— Lasob  Com  ■ 


Item 
Foreman. 
Plowing., 


Pipe  laying 132! 

Pourini  and  caulkim  joinCa  "■" 

C!Hining°5p'"  . . .  .""!"*.■.. 
Hauling... 

Total 


r  LAXma  1924.Ft.. 

or 

4-lH. 

PlPB 

pipe,  eto. 

0234 

sa 

Bell    and    Sp^gol-  Joirrt 


Fio.  2B. — Types  of  pipe  joint  used  in  solid  pound  and  soft  gi 
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The  work  consisted  in  laying  five  4-in.  extensions  to  the  waver  system  of 
Ridgely,  Md.  A  4-in.  hydrant  was  installed  at  the  end  of  each  line  by  .4  X 
4-ia.  tees  and  no  valves  were  used.  The  pipe  was  laid  at  an  average  depth  of 
4-ft.  2-ina.  in  easily  excavated,  sand,  loam  and  clay.  To  break  up  the  first 
2-tt.  of  the  excavation  a  new  ground  plow  attached  to  a  traction  engine  was 
used  with  success  on  1414-ft.  of  the  trench.  The  work  was  done  by  force 
account  Mr.  Bryan  being  the  Resident  Engineer  in  Charge  of  Construction. 

Of  the  five  different  connections,  the  maximimi  cost  was  18.8  cts.  per  ft. 
for  labor  and  the  minimum  cost  was  14.4  cts.  per  ft. 

Construction  Cost  of  San  Francisco's  High-Pressttre  Fire  Mains. — The 
fdlowing  data  are  taken  from  an  article  in  Engineering  News,  Feb.  18,  1015. 

In  the  construction  of  the  high-pressure  system  of  San  Francisco,  aftet 
numerous  tests,  the  types^f  pipe  joints  shown  in  Fig.  26  were  finally  approved. 
The  bell  and  spigot  joint  was  used  in  solid  ground  and  the  sleeve  joint,  which 
allows  a  greater  displacement  of  the  pipe  without  leakage,  was  used  in  soft 
ground  and  in  places  most  susceptible  to  earthquake  action. 

The  fire  mains  were  constructed  ui)der  contract,  the  following  table  gives 
the  cost  of  labor,  as  estimated  by  the  engineers  in  charge  of  construction. 

Table  XXX. — Cost  of  Labor,  as  Estimated  by  Engineers  in  Charge  of 

Construction 

1.  Trench  Work: 

Removing  pavements  having  concrete  base,  S0.06  per  sq.  ft. 
Removing  pavements  without  concrete  base:  not  counted  separately,  as  cost 
was  found  to  be  practically  equal  to  that  of  an  equal  vohime  of  ordinary  digging. 
Excavating  and  backfilling  trenches  and  removing  surplus  excavated  material. 

Labor  cost  per  cu.  yd. 
Congested         Average 
Nature  of  ground  district  conditions 

Sand,  about  one-half  lagged $1. 10  $0. 95 

Sandy  clay 1.25  1.10 

Hard  cUy 1. 40  1. 25 

Soft  rock  (shale,  red  chert) ....  1 .  40 

Hard  rock  (gadding,  some  blasting) $4. 00  $6. 00 

2.  Laying  Pipe  (Not  including  setting  valves  and  hydrants): 

Cost  of  labor,  per  foot ■ 

Kind  and  sise  of  pipe            Hauling  Laying  Calking   Testing  Total 

Congested  district: 
Bell  and  spigot  pipe:  8-in.  (hydrant 

connection;  all  joints  bolted)..  SO. 05  $0.17  $0.25  $0.02  $0.49 

KHn 0.06  0.16  0.11  0.02  0.35 

12-in 0.07  0.17  0.11  0.02  0.37 

14-in 0.09  0.26  0.12  0.02  0.49 

154n 0.11  0.19  0.16  0.02  0.48 

IWn 0.12  0.25  0.14  0.02  0.53 

Spigot  pipe,  sleeve  joints: 

lO-in 0.07  0.13  0.14  0.02  0.36 

12  in 0.08  0.13  0.17  0.02  0.40 

14-in 0.10  0.13  0.20  0.02  0.45 

IWn 0.12  0.23  0.21  0.02  0.58 

18-in 0.14  0.15  0.24  0.02  0.55 

Average  conditions: 
Bell  and  spigot  pipe:  8-in.  (hydrant 

connections;  all  joints  bolted)..  $0.03  $0.29  $0.12  $0.01  $0.45 

12-in 0.05  0.06  0.07  0.01  0.19 

14-in 0.07  0.09  0.08  0.02  0.26 

l«-in 0.08  0.10  0.12  0.02  0.32 

184n.... 0.10  0.19  0.14  0.04  0.47 

Spigot  pipe,  sleeve  joints: 

li-in 0.06  0.11  0.14  0.02  0.33 

16-in 0.09  0.06  0.15  0.03  0.33 
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Note:    Coet  of  calking,  per  joint,  was  as  follows: 

Congested  district    Average  conditioDfl 

8-in.  joints $0. 90  $0. 90 

10-in.  joints 0.85                             

12-in.  joints 1. 00  0. 78 

14-in.  joints 1. 10  0. 90 

16-in.  joints 1.25  1.23 

18-in.  joints 1 .  40  1. 44 

3.  Setting  Gate  Valves  anp  Hydrants: 

8-in.  gate  valves,  each $  4. 50 

10-in.  gate  valves,  each 4'  50 

12-in.  gate  valves,  each 6. 00 

14-in.  gate  valves,  each 7, 50 

16-in.  gate  valves,  each 10. 00 

Hydrants,  each 5. 00 

4.  Miscellaneous  Items: 

Setting  manhole  castings $7. 00    per  ton 

Bolting  joints  of  pipe  lines $24.  00    per  ton 

Concrete  valve  vaults — labor  only $9.  60    per  cu.  yd. 

Setting  reinforcing  steel  in  valve  vaults $14. 00    per  ton 

Lajdng  creosoted  wooden  telephone  duct $  0. 036  per  duct-foot 

5.  Wage  Schedule,  per  day  of  eight  hours: 

Superintendent $  6. 00  up 

Foreman $  4. 00  to  $5. 00 

Straw  boss $  3.  50  to  $4. 00 

Calker  and  yarner $  4. 00 

Leadman $  3. 00  to  $3. 50 

Laborer,  watchman $  3. 00 

Team  and  driver,  4-horse $10. 00 

Team  and  driver,  2-hor8e $  6. 00 

Team  and  driver,  l-horse $  4. 50 

Note:  The  above  figures  include  only  the  wages  of  foremen,  mechanics  and 
laborers  immediately  engaged  upon  the  work.  Add  10%  for  general  superin- 
tendent, timekeepers,  watchmen,  service  wagon,  and  depreciation  and  repair 
of  tools.  The  total  cost  of  construction  to  the  contractor  will  be  obtain^Tby 
adding  the  cost  of  aU  materials  used,  and  the  overhead  expense,  including 
office  expense,  liability  insurance,  etc. 

The  excellence  of  the  workmanship  on  San  Francisco's  high-pressure  pipe 
system  Is  illustrated  by  a  comparison  with  New  York's  fire  system.  The  latter 
comprises  105  miles  of  mains,  which  are  maintained  under  a  pressure  of  30  lb. 
per  sq.  in.,  and  from  which  the  leakage  is  approximately  850  gal.  per  minute  or 
1,200,00  per  day.  The  San  Francisco  system  contains  71.81  miles  in  which  an 
average  pressure  of  200  lb.  per  sq.  in.  is  maintained  and  the  leakage  is  only 
152,000  gal.  per  day,  equivalent  to  a  leakage  of  only  59,000  gal.  per  day 
under  a  pressure  of  30  lb.  per  sq.  in.  Since  the  length  of  pipe  in  the  San 
Francisco  system  is  only  71.81  miles,  and  that  in  the  New  York  system  105 
miles,  this  59,000  gal.  per  day  hi  71.81  miles  of  pipe  is  equivalent  to  86,000  gal. 
per  day  in  105  miles  of  pipe,  or  the  leakage  per  mile  in  San  Francisco's  system 
is  only  7.2%  of  the  leakage  in  the  New  York  system. 

Perhaps  the  principal  reason  for  the  tightness  of  the  system  were  the  tests 
which  were  made  before  the  work  was  accepted,  as  follows: 

Test  pressure. 

Class  of  pipe  Use  of  head  of  lb.  per   sq    in 

G&H 600  to  760  ft.  450 

F 500  to  600  ft.  40O 

E 400  to  500  ft.  350 

D 300  to  400  ft.  30O 

C 200  to  300  ft.  250 

B 100  to  200  ft.  200 

A 0  to  100  ft.  150 
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After  several  blocks  of  pipe  were  laid  and  calked,  the  trench  between  the 
j<^ts  was  backfilled,  and  the  bells  left  exposed.  The  pipe  was  then  tested, 
the  test  pressure  varying  with  the  class  of  pipe. 

Pipe  to  be  tested  was  filled  with  wat^  and  the  specified  pressure  applied  by 
means  of  a  double-cylinder  force  pump.  This  pressure  was  maintained  for  20 
minutes.  If  during  that  period  the  additional  water  introduced  to  keep  the 
pressure  constant  exceeded  0.0055  gal.  per  lineal  foot  of  pipe  Joint  under  test, 
the  contractor  was  forced  to  lecalk  all  joints  that  gave  any  evidence  <^  leakage. 

Cost  of  Making  an  18-in.  Tap  on  a  M-in.  Water  Main,  Without  Interrupting 
Service,  at  Columbia,  South  Carolina. — ^F.  C.  Wyse,  gives  the  following  matter 
in  Engineering  and  Contracting,  July  4,  1913. 

The  pipe  on  which  the  tap  was  made  is  24  ins.  in  internal  diameter  and 
25.80  ins.  externally,  and  carries  a  pressure  of  about  20  lbs.  per  sq.  in..  The 
excavation  was  in  earth  bearing  a  large  quantity  of  spring  water  and  no  record 
of  cost  of  excavation  was  kept  for  the  reason  that  the  work  was  prosecuted 
intermittently  and  only  at  favorable  times;  A  pump  was  necessary  all  the 
time,  and  the  entire  hole  was  dose  sheeted  in  order  to  preclude  any  accident  to 
the  machine  by  sUding^  mud.  The  excavation,  however,  was  no  larger  than 
would  have  been  necessary  for  the  cutting  in  of  a  tee,  and  practically  the  same 
amount  of  sheeting  would  have  been  used,  therefore  in  making  a  comparison 
of  costs  it  would  be  accurate  to  place  the  cost  of  excavation  the  same  in  both 
cases. 

A  24-in.  by  18-in.  clamped  sleeve,  internal  diameter  26f4  ins.,  and  weighing 
1,400  lbs.,  was  adjusted  on  the  pipe  with  lead  wedges.  Mud  rolls  were  then 
idaoed  at  each  end  and  in  the  neck  of  the  sleeve  and  the  lead  was  poured  in  the 
usual  manner.  This  gave  a  sheet  of  lead  approximately  ^  in.  thick  between 
the  sleeve  and  the  pipe  to  be  tapped.  The  ends  were  calked  first  then  the  lead 
in  the  neck,  and  the  neck  lead  very  car^ully  trimmed  in  order  not  to  come  in 
contact  with  the  steel  cutter.  Onto  the  neck  of  the  sleeve  an  18-in.  flanged 
valve  weighing  1,600  lbs.  was  bolted|  and  to  the  valve  the  tapping  machine, 
weighing  1,000  lbs.,  was  bolted.  A  derrick  supported  the  weight  of  the 
niachine.  The  cutter  was  then  started  through  the  open  valve  and  the  cut 
was  completed  in  4^  hours,  the  cutter  being  turned  by  hand  ratchets.  After 
the  cut  was  made  the  shaft  was  withdrawn,  the  valve  closed,  and  machine 
removed. 

The  plug  cut  out  remained  tightly  in  the  cutters,  the  center  tapered  drill 
hoping  in  this.  The  plug  was  a  clean  cut,  there  being  no  break  in  the  metal 
other  than  about  He  in.  thickness  of  the  inside  shell.  There  were  no  leaks 
other  than  through  the  stuffing  box  of  the  machine  which  amounted 
to  nothing. 

The  cost  of  the  work  was  as  follows: 


ffleeve  and  valve $210 .00 

Fright   on   sleeve,    valve   and   machine   coming,    and    machine 

returning 32  .42 

350  lbs.  lead  at  5  cts 17  .60 

Drayage  on  material  with  department  truck 1 .50 

Labor  placing  sleeve,  valve  and  machine  (5  hours; 4 .80 

Latxyr  operating  and  removing  machine  (4^i  hours)'. 5 .55 

Total  cost  without  excavation $271 .77 

26 
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work  at  the  joint.  The  upper  half  of  the  joint  is  cleaned  out  with  a  cape-chisel; 
then,  with  tripod  and  blocks,  the  free  end  of  the  pipe  is  raised  until  the  lower 
half  of  the  joint  breaks  free  from  the  bell.  The  pipe  seldom  has  to  be  pulled 
out  of  the  bell,  as  it  nearly  always  works  itself  out  as  the  free  end  is  lowered. 
If  portions  of  the  cement  stick  to  the  spigot  end  of  the  pipe,  or  fail  to  be  entirely 
crushed  in  the  bell,  it  is  a  very  simple  matter  to  clean  out  the  bell  with  a  cape- 
chisel,  or  knock  the  cement  from  the  spigot  with  a  hammer. 

On  occasions,  after  a  joint  has  been  cemented  tight  in  the  line,  it  is  necessary, 
to  cut  it  out  entirely  (such  as  for  laying  a  valve  on  its  side;  turning  a  tee  or  Y 
in  another  direction;  adjusting  a  tee  to  conform  to  or  meet  a  grade;  avoiding  a 
sewer  connection  or  any  other  unforeseen  obstacle).  Table  XXXI  has  been 
compiled  from  records  of  the  actual  time  spent  in  doing  such  work. 

At  Long  Beach  unit  costs  have  been  kept  on  all  construction,  covering 
nearly  the  entire  60  miles  of  cast-iron  water  mains.  Table  XXXII  has  been 
carefully  compiled  from  these  unit  costs,  and  presents  data  concerning  cement 
joints. 

Table  XXXI. — Time  Required  for  One  Man  to  Dig  Out  a  Compubtb 
Cement  Joint,  Without  Rbmovinq  Fitting  or  Gates  From  the  Line 

Size  Time 

4-in 18  min. 

6-iii 22  min. 

8-iii 26  min. 

10-in 30  min. 

12-in 38  min. 

14-in 48  min. 

16-in 60  min. 

Table  XXXII. — Data  Relative  to  Cement  Joints 

Number  of         Number  of 
Jute  per  joint        joints  per  joints  per 

Rings  of  jute        in  pounds  94-lb.  sack  8-hour  day 

Size  of  pipe  per  joint         (approximate)        of  cement*  (one  caulker) 

4-iii 2  0.14  24  60 

6-in 2  0.19  18  42 

8-in 2  0.24  14  34 

10-in 3  0.43  11  28 

12-in 3  0.51  8  24 

14-in 3  0.58  7  20 

16-in 3  0.66  6  17 

18-in 3  0.73  5  14 

20-in 3  0.80  4  11 

24-in 3  0.95  3  7. 

^Including  the  20  per  cent  of  cement  wasted  or  left  over. 

Cost  of  Repairing  Fire  Hydrants  by  Welding. — Engineering  and  Contract- 
ing, Aug.  13,  1919,  gives  the  foUowing: 

In  a  discussion  of  damages  to  fire  hydrants  by  motor  vehicles  at  the  (1919) 
convention  of  the  American  Water  Worlcs  Association,  Wm.  W.  Brush, 
Deputy  Chief  Engineer  Department  of  Water  Supply,  Gas  and  Electricity 
of  New  York  City,  states  that  during  the  past  two  years  an  average  of  about 
400  hydrants  were  damaged  yearly  by  motor  trucks,  requiring  an  annual 
expenditure  of  about  $12,000  for  repairs.  Repairs  are  made  by  welding  by  the 
oxyacetlene  process.  The  hydrant  is  taken  to  the  city  shop  and  the  broken 
section  ground  away  to  a  bevel  of  about  45°,  and  then  new  metal  is  fused  in  at 
the  break.  If  the  portion  of  the  hydrant  thus  treated  is  to  be  exposed  above 
the  ground  it  is  finished  ofiF  after  the  welding  process  is  completed.  If  it  is  to 
be  below  the  ground  the  rough  surface  ia  not  finished  off. 
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Mr.  Brush  glTcs  the  followlDg  costs  oa  this  work:  The  cost  cX  leplednK 
a  broken  hydraot  when  the  old  bjdraDt  Is  salvaged  and  repaired,  is  aa 
follows:  welding  Bt&ndplpe  of  by dnuit,  tlo;  asaembUng  hydrant,  one  mechanio 
t5  per  day,  )i  day,  82.60;  total  cost  of  repairing  salvaged  broken  hydrant, 
tl2.G0.  Thecost  ol  removlDg  and  resetting  the  hydrant  where  it  has  to  be 
taken  up  about  3  ft.  below  the  surtace  i^  the  ground  Is  asfollowa: 

1  caulker,  one  day •  5-?9 


Ford  ti 


Relayiii£  11 


70 


that  has  a 


a  the  case  of  a  hydiant 


'  part  of  that  tZO  would  be  eliminated  li 
]ge  at  the  level  of  the  sidewalk. 

e  dlaciuaion  F.  W.  Cappeten.  City  Engineer  at  Minneapolis, 
Minn.,  stated  that  In  bis  city  4a  hydrants  had  been  broken  by  motor  vehlclea 
In  le  months.    The  average  expense  per  hydrant  was  as  toUows; 

EicavBtion,  removal  sod  resettinc tU.40 

Sliop  work  and  a»einbUng 3.S4 

Cartage 2^  SO 

Total Ml.  21 


Cost  of  Plpe-bandiog  with  a  Hacblae  (Engineering  and  Contracting, 
June  10.  1917). — A  labor-saving  device  ia  used  by  the  Philadelphia  Suburban 
0«  &  Electric  Co.,  Cbeeter.  Pa.,  for  the  cold  bending  of  S-ln.  pipe.  The 
nuchlna  is  described  by  Charles  Wilde,  Engineer  of  Mains,  in  a  paper  pre- 
MDted  to  the  October,  1916  meethig  of  the  American  Gas  Institute.     The 
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arrangemeiiit  consists  of  a  10-in.  I-beam,  10  ft.  long,  braced  with  IK-ln.  tie 
rod;  two  H-in.  chains  8  ft.  long  one  at  each  end  of  the  beam  and  an  ordinary 
20-ton  screw  jack  and  block.  To  operate,  all  that  is  necessary  is  to  link  the 
chains  aromid  the  pipe  and  I-beam  by  means  of  a  slip  link,  place  the  jack  and 
pipe  block  in  position  between  the  pipe  and  the  beam,  and  then  by  the  force 
of  the  jack  make  the  bend.  If  the  bend  required  is  only  a  slight  one,  it  may 
be  made  without  any  shift  of  the  machine.  If  it  is  a  bend  of  any  considerable 
extent,  the  machine  should  be  shifted  one  way  or  the  other,  bending  the  pipe 
a  few  d^jees  until  the  required  bend  is  made. 

With  this  machine  four  men  can  make  a  bend  in  an  8-in.  pipe,  depending,  of 
course,  upon  the  radius  and  d^ree  of  the  bend  required,  in  from  H  to  2H 
hours.  To  make  the  same  bend — ^when  possible  to  be  made — in  the  old  way 
would  require  about  25  men,  who  would  never  lose  less  than  half  an  hour 
from  their  regular  work,  and  would  often  require  twice  this  time. 

Unit  Costs  of  Laying  Standard  Screwed  Steel  Pipe. — The  following  tabula- 
tions are  taken  from  data  compiled  by  George  Wehrle,  Supt.  of  the  Gas  Dept. 
of  the  Denver  Gas  and  Electric  Light  Co.  and  were  published  in  Engineering 
and  Contracting,  Jan.  8.  1919. 

Tbenchinq  and  Backfillino 


Cost    of    excavating     and 

Cu.  ft.  per 

backfilling  at  SO.Ol 

foot  of 
trench 

1-hour 

Unit  cost 

Cu.  ft. 

per 

-per  lutti 
Per  cu.  ft. 

Size  of  pipe 

Width 

1  ft.  deep 

man-hour 

of  excavation 

per  foot 

\n 

18" 

1.60 

9 

$0.00111 

$0.00166 

18" 

1.50 

9 

.00111 

.00166 

2 

18" 

1.50 

9 

.00111 

.00166 

3 

18" 

1.50 

9 

.00111 

.00166 

4 

20" 

1.66 

9 

.00111 

.00184 

6 

22" 

1.83 

9 

.00111 

.00203 

8 

24" 

2.00 

9 

.00111 

.00222 

Note. — To  find  local  cost  per  foot  for  trenching  and  backfilling  multiply  unit 
coet  per  foot  by  local  wage  per  man-hour  and  by  depth  of  trench. 


Laying  Pipe 


Weight  of 
pipe  per  ft. 
Size  of  pipe,  in  lb. 

lyi. 2.28 

IH 2.73 

2 3.68 

3 7.62 

4 10.89 

6 19.19 

8 28.81 


Feet  of  pipe 

Weight  of 

Feet  of 

laid  per 

pipe  per 

pipe  per 

per  hour 
by  gang 

man-hour 

man-hour 

237.5 

104.2 

312.5 

236.4 

86.6 

260.0 

238.2 

65.0 

195.0 

278.9 

36.6 

110.0 

289.6 

26.6 

80.0 

303.2 

15.8 

47.5 

302.6 

10.6 

52.5 

Unit  coBt 
per  ft.  at 
$0.01  per 
man-hour 

$0.000096 

.oooife 

.000154 
.000273 
.  000376 
.000633 
.000952 


Note.-'Laying  pipe  covers,  reversing  of  couplings  and  handling  of  the  pipe 
from  the  curb  line  to  the  trench  and  lowering  into  same.  The  weight  of  pipe  per 
man-hour  is  not  constant  due  to  the  reversiiu;  of  a  variable  number  of  couplings 
per  unit  weight  of  different  size  pipes.  To  find  the  local  cost  per  foot  multiply 
unit  cost  by  local  pipemen  hourly  wa|;e. 

The  number  of  men  engaged  in  laying  pipe  is  taken  as  1  foreman  and  2  pipe- 
men  for  all  sizes  with  the  exception  of  the  8-in.  pipe  when  4  pipemen  are  used. 


WATER  WORKS 


407 


JoiNTINa 

Unit  cost 

Joints  per  Ft.  of  pipe  per  ft.  at 

Number        hour  per  per  hour  $0.01  per 

Sse  of  pipe                                      of  men            gang  per  gang  man-hr. 

IH 2                     9  180  $0.000111 

IH 2                     8  160  .000125 

2 2                     6  120  .000166 

3 2                     4  80  .000260 

4 2                     3  60  .000333 

6 2                      2  40  .000500 

8 3                     2  40  .000760 

Note. — Jointing  pipe  covers  the  work  of  entering  and  screwing  up  pipe  in  the 
trench.  The  number  of  joints  per  man-hour  varies  as  the  diameter  of  the  pipe. 
To  find  local  cost  per  foot  multiply  unit  cost  per  foot  by  local  wage  scale  per  hour. 

ExplancUion  of  Summary  Table  for  Standard  Screwed  Steel  Pipe. — Column 
A — Cost  per  foot  for  trenching  and  backfilling  a  trench  1  ft.  deep  at  a  labor 
cost  of  1  ct.  per  hour.  For  local  costs  per  foot  multiply  by  depth  of  trench 
in  feet  and  by  labor  wage  rate  per  hour. 

Column  B — Cost  per  foot  for  laying  pipe  at  a  1  ct.  per  hour  wage  scale. 
For  local  costs  per  foot  multiply  by  local  wage  rate  in  cents  per  hour. 

Column  C — Cost  per  foot  for  jointing  pipe  at  a  1  ct.  per  hour  wage  scale. 
For  local  cost  per  foot  multiply  by  local  wage  scale  in  cents  per  foot. 

Column  D — Cost  per  foot  of  pipe  at  1  ct.    Substitute  local  cost  per  foot. 

Column  E — ^Drayage  cost  per  foot  at  $1  per  ton-mile.  For  local  cost  per 
foot  multiply  by  the  local  drayage  rate  per  ton-mile. 

Column  F — Storage  and  handling  cost  assumed  to  be  4  per  cent  of  material 
cost  regardless  of  locality. 

Column  G — Supervision,  engineering,  contingencies,  assumed  to  be  10  per 
cent  of  total  cost  regardless  of  locality. 

Summary  op  Unit  Costs 

General 
8ui>er- 
vision, 

^Labor Material engineer- 

Sise  Trenching  ing, 

of  and  contin- 

pipe,  backfiUing    Laying       Jointing      Pipe    Drayage    Storage    gencies 

inches  A  B  C  D  E  F  G 

IH $0.00166  $0.000096  $0.000111  $0.01  $0.00114  4%  10% 

IH 00166  .000116  .000125  .01  .00136  4%  10% 

2 00166  .000154  .000166  .01  .00184  4%  10% 

3 00166  .000273  .000250  .01  .00381  4%  10% 

4 00184  .000376  .000333  .01  .00544  4%  10% 

6 00203  .000633  .000500  .01  .00959  4%  10% 

8 00222  .000952  .000750  .01  .01440  4%  10% 


Cost  of  Incasing  Steel  Pipe  with  Concrete. — H.  R.  Case,  Manager,  Temes- 
cal  Water  Co.,  gives  the  following  data  in  Engineering  News-Record,  Sept. 
20,  1917. 

Long  stretches  of  old  riveted-steel  water  pipe  have  been  successfully  incased 
in  reinforced  concrete  with  an  economical  method  in  use  by  the  Temescal 
Water  Co.,  Corona,  Calif.,  for  the  past  foiu*  years. 

The  details  were  worked  out  for  use  in  covering  10,000  ft.  of  24-in.  riveted- 
sled  pipe  line  used  as  inverted  siphons  working  up  to  80  ft.  head.  This  line 
was  laid  30  years  ago  and  is  beginning  to  give  way  near  the  ends  of  the  siphons, 
and  where  light  weight  steel  was  used  on  account  of  low  heads.    Possibly 
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9G%  oT  the  IroD  Is  still  In  tlie  pipe,  but  It  has  rusted  bwUy  anil  pitted  partlcu- 
larl7  at  the  setiau.  so  that  It  baa  been  necessar;  to  make  repairs  during  ttie 
irrigation  eeaaon.  The  sjatem  Dot  onlj  protectn  the  outside  6t  the  pipe  and 
prohings  Its  life  by  the  Jacket  of  relnForrred  concrete,  but  eventually  utilizes 
all  the  iron  In  the  old  plpe>  and  when  It  haa  disappeared  leavee  a  reinforced- 
concrete  pipe  without  joints,  aufflclenlly  strong  to  carry  the  pressure. 

Figure  2S  shows  the  details  ot  the  wood  form  used  In  covering  the  24-in. 
pipe.  The  tonus  are  constructed  of  Oregon  pine  and  Hoed  with  No.  26  blade 
Iron,  which  savea  nut  only  tlie  fornu  but  much  material,  making  a,  smooth 
outside  BUifKe  to  the  finished  pipe.  Forms  for  24-ln.  and  larger  pipe  are 
node  in  8-ft.  lengths,  while  the  Bmsllet  aizta  are  made  up  In  12-ft.  lengths. 


Fio.  2S.— Old  steel  inude  [orm  tor  new  concrete  pipe. 

After  the  steel  pipe  b  uncovered  It  b  thoroughly  scraped  and  cleaned  wltli 
Bteel  brusbea.  The  ground  under  the  pipe  is  then  shaped  to  the  required 
depth,  the  pipe  being  supported  on  wood  blocks  mitil  the  forms  are  aet. 
Bedplates  of  2  X  4a  are  then  spaced  with  a  template,  similar  to  the  end  aectlOD 
of  the  form,  on  each  side  of  the  pipe  to  support  the  forma  when  In  place. 
The  wlre-mesh  reinforcement  cut  to  SO-  or  T5-tt,  lengths  ia  then  wound 
Bpirally  around  the  pipe  and  supported  where  the  edges  unite  by  small  cement- 
mortar  blocks  nude  in  the  fonn  of  truncated  pyramids,  I>^  in,  liigh,  2  In. 
square  at  the  base  and  ^  in.  at  the  apex,  which  la  placed  neit  to  the  pipe. 
A  man  with  ahand  mold  will  make  2,S00  or  3,000  otthesmall  blocks  in  nine 
hours.    The  edgea  of  (he  mesh  rest  on  the  base  of  the  little  pyramids,  thua 
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keeping  the  wire  mesh  spaced  a  uniform  distance  from  the  steel  pipe  or  forms. 
As  the  blocks  are  placed,  the  edges  of  the  wire  mesh  are  tied  together  with 
No.  24  soft  stovepipe  wire. 

The  forms  are  then  placed  on  the  2  x  4s  and  held  rigid  by  the  two  >^-in. 
bolts  as  shown.  The  wood  blocks  supporting  the  pipe  are  removed,  and  the 
pipe  is  held  in  place  by  a  strand  of  wire  and  a  tumbuckle  clamp  until  the  form 
is  filled  to  a  point  where  the  concrete  will  support  the  pipe.  The  concrete 
is  a  1 :  2H '  1  mixture  of  cement,  sand  and  crushed  rock  or  screened  gravel  of 
H-in.  maximum  size.  It  is  mixed  by  hand  and  poured  rather  wet,  being 
worked  to  place  with  a  light  rod  and  by  tapping  the  forms  with  a  hammer. 
In  laying  the  pipe  up  hill  the  top  openings,  as  the  forms  are<  filled,  are  closed 
with  covers  clamped  to  place  until  the  concrete  sets  slightly,  when  the  covers 
are  removed  and  the  surface  is  well  trowled  and  smoothed.  The  next  morning 
the  forms  are  removed,  and  the  pipe  is  painted  with  neat  cement.  The  pipe 
is  then  covered  with  soil  and  kept  wet  for  two  weeks. 

Progress  and  Cost. — Twelve  men  will  easily  build  and  backfill- 140  ft.  of 
18-in.  pipe,  100  ft.  of  24-in.  or  80  ft.  of  30-in.  pipe  in  a  day  of  nine  hours. 

The  company  is  replacing  30-in.  steel  pipe  under  40-ft.  head,* placed  on 
bridges,  with  concrete  siphons  of  the  same  size,  at  a  cost  of  $2.50  per  ft., 
including  the  ditching.  Covering  24-in.  pipe  including  the  digging  costs 
$1.70  per  ft.,  and  18-in.  pipe  $1.40  per  ft.  Cement  is  $2.30  per  barrel  and 
labor  from  $2.25  to  $2.50  per  day. 

Cost  of  Wood  Stave  Pipe  at  Seattle,  Wash. — The  following  data,  taken 
from  Engineering  and  Contracting,  Feb.  13, 1918,  show  the  cost  of  wood  stave 
pipe  in  place  at  Seattle,  Wash.  The  work  was  done  in  1914  by  the  municipal 
water  works  of  Seattle.  The  figures  cover  the  cost  of  42-in.  and  54-in.  pipe 
and  are  based  on  lumber  at  $31.25  per  M  ft.  B.  M.  in  place,  steel  bands  at 
^H  ct.  per  pound  in  place  and  common  labor  at  $2  to  $2.25  per  day: 

Cost  of  42-in.  Pressure  Pipe  in  Place  Per  Lineal  Foot  with  3  H-in.  Bands 

Per  Foot 

Per  lin.  ft. 

27  ft.  B.  M.  of  fir  staves  at  $31.25  per  M $0. 844 

3  H-in.  bands  40H  lb.  at  4H  ct 1. 822 

3  mal,  iron  shoes,  5.64  lb.,  at  $0.0515 0.  290 

48  cu.  ft.  ex.  back  fill  per  lin.  ft.  at  31  ct.  per  yd 0.  551 

ToUl $3.  507 

Cost  of  54-in.  Pressure  Pipe  in  Place  per  Lin.  Ft.  with  3  M-in.  Bands 

Per  Foot 

33  ft.  B.  M.  fir  staveaat  $31.25  per  M $1. 03 

3  ^-in.  bands  52H  lbs 2. 36 

3  mal.  iron  shoes.  5.64  lb.,  at  $0.0515 0. 29 

63  cu.  ft.  excavation  at  $0.31  cu.  yd 0.  72 

Total $4. 40 

42     in. — 25      ft.  B.  M.  per  ft 25  to  27  staves 

44     in. — 26      ft.  B.  M.  per  ft 26  staves 

54      in. — 33      ft.  B.  M.  per  ft 33  staves 

•51H  in. — 40      ft.  B.  M.  per  ft 32  staves 

60     in.— 46K  ft.  B.  M.  per  ft 37  staves 

48     in. — 30      ft.  B.  M.  per  ft 30  staves 

The  staves  for  this  51 K  In.  pipe  are  thicker  than  for  the  other  sizes. 

Forty  eight-inch*  Wood  Stave  Pipe  Line  Across  Marsh  Land,  Atlantic  City, 
H.  J. — George  L.  Watson.  Engineer  for  the  contractor  describes  in  detail  the 
methods  employed  and  the  difficulties  encountered  in  carrying  on  the  con* 
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fjtniction  of  the  48-in.  wood  stave  pipe  line  supplying  Atlantic  City,  In  the 
Sept.,  1912  number  of  the  Journal  of  the  American  Society  of  Engineering 
Contractors.  The  following  data  are  taken  from  an  abstract  of  Mr.  Watson's 
paper  published  in  Engineering  and  Contracting,  Oct.  30,  1912. 

The  work  consisted  of  constructing  25,500  lin.  ft.  of  48-in.  continuous 
wood  stave  pipe  with  three  submarine  "thorough-fare"  crossings.  The 
contract  price  for  which  was  approximately  $225,000. 

The  marsh,  across  which  the  pipe  runs,  is  flooded  at  high  tide  and  at  times 
the  work  was  completely  stopped  because  of  the  water  that  covered  the 
meadows.  The  surface  of  the  marsh  was  so  soft  that  it  was  necessary  to 
float  the  pipe  on  a  2  X  12-in.  plank  cradle.  This  consisted  of  a  2  x  12-in. 
plank  on  each  side  of  the  bottom  of  the  2H-ft-  ditch,  in  which  tiie  pipe  was 
constructed,  with  the  cross-pieces  of  the  same  size  every  4  ft.  Manhc^es 
were  constructed  at  intervals  of  1.000  ft.  To  protect  the  pipe  line  across 
the  meadows  from  wave  and  ice  acticm  it  was  necessary  to  construct  fenders 
on  each  side  of  the  pipe  embankment. 

Construction  of  the  Pipe. — The  actual  construction  of  the  pipe  was  sub- 
divided into  sections.  The  excavation  gang  consisted  of  a  Parsons  Trenching 
machine  and  six  men,  and  this  outfit  was  about  1,000  ft.  ahead  of  the  finishing 
gang.  This  machine  crept  along  and  excavated  a  trench  5  ft.  wide  and  2  ft. 
deep,  and  at  the  rate  of  500  ft.  of  ditch  per  day.  However,  there  were  so  many 
delays  not  due  to  any  defect  in  the  machine,  that  it  was  not  found  expedient 
to  continue  to  use  this  machine  for  more  than  2H  miles  of  the  work. 

Following  this  machine  was  a  gang  of  about  20  men  and  a  foreman,  who  had 
to  maintain  the  trench  the  proper  width.  This  was  necessary  because  the 
banks  continually  pushed  toward  each  other  into  the  trench,  and,  therefore, 
this  gang  was  generally  only  about  500  ft.  ahead  of  the  men  who  were  placing 
the  cradles  or  foundation  for  the  pipe.  It  was  necessary  to  keep  the  ditch 
about  8  ft.  wide  to  allow  the  men  to  do  all  the  work  properly  and  to  cinch 
the  bands. 

The  foundation  gang  consisted  of  six  men  and  a  foreman,  and  tljeir  duty  was 
to  build  the  timber  foundation  upon  which  the  pipe  was  laid. 

Then  came  the  pumping  gang,  which  consisted  of  six  men,  one  engine  man 
or  pump  man,  and  one  foreman,  and  whose  duty  was  to  keep  the  ditch  dry 
ahead  of  the  pipe  layers.  Their  outfit  consisted  of  a  larry  upon  which  was 
mounted  a  10  h.p.  Olds  gas  engine,  belt-connected  to  a  6-in.  centrifugal  pump, 
sod  spades  and  other  necessary  tools.  They  divided  the  trench  into  sections 
by  means  of  bulkheads,  and  kept  dry  only  the  sections  in  which  the  men  were 
working,  while  other  men  threw  up  low  dikes  around  the  excavation  to 
hold  back  tides  as  long  as  possible.  It  cost  about  2  cts.  per  linear  foot  to 
build  these  dikes. 

The  pipe-laying  gang  consisted  of  13  men  and  a  foreman,  and  they  were 
divided  up  so  that  in  laying  the  pipe  each  man  had  only  one  portion  of  the 
work  to  perform.  Two  men  were  located  on  the  bank  as  peddlers  to  handle 
the  material  of  which  the  pipe  was  assembled,  one  man  was  located  inside  the 
pipe  with  mallet  and  chisel  to  set  the  staves  and  round  them  out,  and  two 
men, placed  at  the  end  of  the  advanced  pipe  to  assist  in  setting  the  staves. 
Along  each  side  of  the  ditch  three  men  would  set  the  forms,  and  shape  the 
section,  while  two  men  at  the  head  of  the  section  were  employed  to  drive  the 
staves  home  and  band  them  up. 

To  assemble  the  pipe  a  form  consisting  of  a  piece  of  3-ih.  pipe  bent  to  a 
radius  of  26>^  ins.  and  reaching  half-way  up  to  the  circumference  was  laid 
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about  2  ft.  back  of  the  end  of  the  advancing  staves.  This  form  was  generally 
laid  flat  upon  one  of  the  foundation  cross-pieces;  then  five  or  six  staves 
were  set  at  the  bottom  and  tapped  into  position;  and  immediately  thereafter 
the  form  was  raised  to  an  upright  position,  thus  shaping  the  bottom  of  the 
pipe.  The  inside  form,  which  consisted  of  a  piece  of  2-in.  gas-pipe  bent  to  a 
radius  of  24-in.,  was  next  placed  inside  the  lower  portion  of  the  pipe.  It  was 
set  on  the  inside  of  the  pipe  directly  over  the  outside  form  and  the  additional 
staves  were  then  placed  under  the  direction  of  the  foreman  at  the  head  of  the 
pipe  who  calls  out  whether  he  wants  a  long  or  a  short  stave.  As  soon  as  the 
circle  was  completed  a  band  was  slipped  on  at  the  head  of  the  pipe  and  loosely 
cinched;  one  of  the  side  staves  was  then  marked  with  a  pair  of  calipers  and 
every  sixth  mark  crossed  as  a  guide  to  the  "banders"  who  followed. 

About  ten  bands  were  slipped  on  a  section,  which  was  then  "rounded  out," 
rolled  and  "driven  home,"  after  which  the  gang  proceeded  to  lay  the  next 
section. 

The  pipe  gangs  averaged  about  150  lin.  ft.  of  pipe  per  day,  while  the  best 
day's  work  of  any  one  gang  was  680  ft.  Under  ordinary  conditions  400  ft. 
was  a  fair  day's  work,  but  the  construction  was  much  delayed  because  the 
men  could  not  stand  in  the  ditch  without  a  platform  or  they  would  sink  in  the 
mud  up  to  their  waists,  which,  together  with  the  large  amount  of  water  that  j 

had  to  be  pumped  was  the  cause  of  the  slow  progress  made. 

The  tides  also  proved  troublesome,  especially  when  the  wind  was  contrary. 
and  at  times  the  work  was  completely  stopped  because  of  the  water  that 
covered  the  meadows.  Another  thing  that  was  a  constant  source  of  delay  was 
the  efiFect  of  the  weather  on  the  staves.  The  specifications  called  for  29  staves 
to  complete  the  circle.  During  good  and  dry  weather  there  was  no  difficulty 
in  inserting  the  required  number,  but  the  slightest  change  in  the  weather 
affected  the  liunber,  and  if  the  air  was  damp  or  if  it  rained  it  was  impossible 
to  use  all  the  staves.  In  that  case,  unless  the  work  was  to  be  stopped  entirely, 
28  staves  and  one  strip  cut  out  of  a  full  stave  had  to  be  used. 

Following  the  pipe  layers  came  the  band  gang,  which  consisted  of  a  foreman 
and  20  laborers,  with  four  "band  men."  The  latter  were  paired,  one  of  each 
pair  on  opposite  sides  of  the  pipe.  They  slipped  the  bands  on  the  pipe  at  the 
mark»  made  by  the  pipe  layers  and  tightened  the  nuts  so  as  to  merely  hold 
the  shoes  in  position. 

The  cinching  gang,  which  came  next,  consisted  of  from  30  to  40  men  and  two 
foremen.  This  gang  had  to  tighten  the  nuts  on  the  bands  to  almost  their 
final  position  by  using  a  brace  wrench.  At  the  extreme  end  of  this  gang  were 
four  "spacers,"  who  hammered  the  bands  to  their  ultimate  position  and  gave 
the  nuts  their  final  tightening.  After  them  came  the  painters,  who  applied 
on  the  bands  the  remaining  coat  of  rust  preventive,  as  demanded  by  the 
Q>ecifications. 

Finally,  the  gang  which  completed  the  embankment  over  the  pipe  varied 
fnnn  10  to  40  men,  depending  upon  the  tides  and  conditions  that  influenced 
the  building  of  the  pipe. 


Coat  Data 
The  following  are  cost  data  for  varioua  operations  of  the  pipe  line  work.  f 

Pipe  Line  Materials 

Staves,  $47.17  f.  o.  b.  cars  job. 

Bands,  $2.20  per  100  lbs.  f.  o.  b.  cars  job. 

Saddles.  $3.50  per  100  lbs.  f.  o.  b.  cars  job.  j 

Clipe,  $3.50  per  100  lbs.  f.  o.  b.  care  job.  •  • 
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Staves 

Unloading  from  cars  and  hauling  to  job,  2  milee $     1.00 

Sorting  into  sections  and  unloading 5. 00 

Loading  on  larries  (teams  $5.00  per  day,  10  brs.) 2. 10 

Delivering  in  sections  along  R.  O.  W 1. 05 

Per  cent  of  cost  of  track  and  lasdng  30-lb.  rails 0.15 

Supervision 2, 30 


Total  labor  cost  along  ditch $  11. 60 

Cost  lumber 47. 17 


Cost  per  M.  ft.  B.  M $  58.77 

Bands 

Unloading  from   cars  at  Atlantic   City,   giving  second   coating  of 
asphaltum  ais  called  for  by  Specs,  reloading  ancTshipping  to  Absecon, 

N.  J.,  per  100  lbs $     0. 10 

Unloading  from  cars  and  haul  to  job .  035 

Rehandling  in  yard .  015 

Third  coating  in  troughs.     (Laborers  at  $2.00  per  10  hrs.) .20 

Loading  on  cars .02 

DeUvering  along  R.  O.  W .22 

Per  cent  of  cost  of  track  laying ,  005 

Supervision -. .  015 

Labor  cost  per  100  lbs $    0. 610 

Band  cost  per  100  lbs 2. 20 

Total  cost  per  100  lbs $     2. 810 


• 


Saddles 

Unloading  from   cars  at  Atlantic  Citv.   giving  second   coating  of 

asphaltum,  reloading  and  shipping  to  Absecon,  N.  J $    0. 05 

Unloading  from  cars  and  hauling  to  job .  035 

Rehandling  in  yard .  015 

Third  coating  in  trough .10 

Delivery  along  R.  O.  W .22 

Loading  on  cars .01 

Per  cent  of  cost  of  track  lasdng .  005 

Supervision .  015 

Labor  cost  per  100  lbs $    0.  45 

Saddle  cost  per  100  lbs 3.  60 


Total  cost  per  100  lbs $     3. 960 

Clips 

Cost  per  100  lbs.  in  kegs  delivered  along  the  line  of  work $     3. 68 

Trenching 

Cutting  trench  2}^  ft.  deep,  6  ft.  wide  by  Parsons  trenching  machine, 
trench  filled  with  water,  machine  carried  on  heav^  4  X  12-in. 
planks  12  ft.  long  laid  crosswise  of  trench,  with  4  X  6-in.  planks  24 
ft.  long  laid  on  top  for  traction  wheels  to  rest  on,  coal  ($5.00  per  ton  ) 
carried  to  machine  by  men  in  50-lb.  sacks  across  marsh,  water 
rolled  in  barreb  across  marsh  one-half  mile  to  machine — coet  p^ 
lineal  foot $     0. 20 

Trenching  by  hand,  cutting  ditch  to  8-ft.  width,  trimming  bottom  and 
sides,  men  in  ditch  standing  on  movable  platform  which  was 
dragged  along  with  them.     All  spoil  thrown  one  side  only .00 

Backnmng  pipe,  usin^  material  excavated  from  trench  and  plseing^ 
same  over  pipe,  p«r  linear  foot .OO 


J 
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Coti  of  BuUdino  Pipe  \ 

Aetual  cost  of  building  pipe  in  meadow  exclusive  of  foundation  or  repainting 
or  surplus  enbankment,  not  called  for  by  original  specifications 

29  ft.  B.  M.  at  .05877 $     1.704 

80  lbs.  bands  at  .0281 2. 248 

10  lbs.  saddles  at  .0395 .395 

Total  material  per  linear  foot  of  pipe $    4. 397 

Machine  trenching .20 

Hand  trenching .09 

Pumping .10 

Lasring  pipe .13 

Banding .11 

Cinching .42 

Spacing .  103 

Painting .05 

BackfilUng .09 

General  supervision .14 

Tools 10 

General  expense .22 

Total  cost  per  linear  foot "%    6. 150 

Actual  cost  of  building  pipe  in  Boulevard,  trench  8  ft.  wide,  7  ft.  deep,  running 
sand,  water  18  ins.  below  surface,  close  sheeting,  no  allowance  made  for  sheeting 
lumber,  which  was  afterward  used  in  fenders. 

Total  cost  materials $     4. 397 

Excavation  at  .31 .63 

Sheeting  16  sq.  ft.  at  .023 .368 

Pumping .16 

Lajring  pipe .22 

Banding .13 

Cinching .48 

Spacing .12 

Painting .  056 

Backfilling .15 

Removing  sheeting .24 

General  supervision .14 

Tools 10 

General  expense .  22 

Total  cost  per  linear  foot $     7.  410 

Actual  cost  of  building  pipe  along  side  of  Meadow  Boulevard  Road,  extra  was 
paid  for  removal  of  sloping  shoulder,  trench  8  ft.  wide,  3  ft.  deep,  in  moist  sand. 

Total  cost,  materials $     4. 397 

Excavation .07 

Laying  pipe .09 

Banding .07 

Cinching .  383 

Spacing .09 

Painting $         .04 

Backfilling 08 

Greneral  supervision .14 

Tools .10 

General  expense .  22 

Total  cost  per  linear  foot $     5.  680 

Actual  costs  of  building  pipe  on  trestle  over  thoroughfare  crossings  3  hrs.  per  tide. 

Total  cost,  materials $    4.  397 

Temporary  working  platforms .20 

Additional  cost,  lighters  and  scows .10 

Layiojg  pipe .13 

Banding « .10 

Qnching .40 

Spacing .10 

Painting 053 

Blocking  and  temporary  wedges .12 

General  supervision .14 

Tools 10 

General  expense .22 

ToUl  cost  per  linear  foot « $    6,060 
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Embankment 

Cost  of  constructing  an  embankment  18  ins.  thick  on  top  and  2  ft.  thick  on 
sides  over  pii>e,  to  a  width  of  6  ft.  at  the  top,  12  ft.  at  meadow  level,  all  material 
taken  from  meadow,  16  ft.  from  center  of  pipe,  trench  to  be  cut  even  and  graded, 
to  act  as  drain  for  water  in  pipe  trench. 

1  foreman  at  $4.00 $     4. 00 

1  sub-foreman  at  $2.50 2.  50 

15  laborers  at  $1.75 26.  26 

1  waterboy  at  $1.00 1 .  00 

Per  cent  of  cost  of  tools  for  sharpening 1. 00 

150  ft.  per  day $  34.  75 

Cost  per  linear  foot .  231 

Timber  Foundation — -Extra  Work 

Timber  per  1,000  ft.  f .  o.  b.  Atlantic  City $  26.  50 

Hauling  to  job,  6  miles,  one  trip  per  day 5. 00 

Unloading  to  cars  and  pushing  along  Une 10. 00 

Unloading  from  cars,  sawinsf  and  assembling  along  ditch 1 .  50 

Placing  in  position  and  spiking 5. 00 

Supervision 2.  GO 


Cost  per  M $  50.  00 

Cost  per  foot  of  pipe .46 

Erection  of  Laborers^  Qttartera,  etc. 

Cost  based  on  25,500  linear  feet  of  pipe,  for  building  and  erecting  one  bunk 
house  of  150  men  capacity,  one  house  of  100  capacity,  one  mess  house,  one 
store  house,  etc. 

One  storehouse  and  one  foremen's  quarters,  no  lumber  taken  into  account^ 
as  the  houses  were  torn  down  and  the  lumber  used  in  the  pipe  foundation  when 
a  change  of  base  was   made. 
Cost  per  foot  of  pipe $     0. 18 

Fender  Conatruciion 

The  operation  costs  per  day  of  the  pile  driving  crew  were  as  follows:  This  crew 
was  paid  12  hours  for  a  day  s  work,  but  worked  only  8  hours,  4  hours  on  each 
rising  tide. 

1  foreman  at  .80 $     9.  60 

1  engineman  at  .30 3.  60 

1  topman  at  .225 '. 2.  70 

2  deck  hands  at  .20 4.  80 

2  set  men  at  .20 4.  80 

1  boatman  at  .20 2.  40 

Labor  per  day $  27.  90 

Coal 2.  00 

Scow  rental 8.  00 

Total  cost  per  day $  37.  90 

8  piles  for  2  tides,  cost  per  pile 4.  74 

Cost  per  foot  of  pile  driven .  157 

This  cost  is  high,  but  it  must  be  borne  in  mind  that  the  tide  roae  and  fell  so 
quickly  that  only  4  piles  could  be  driven  in  one  tide,  while  with  deep  water  25 
piles  could  and  have^een  placed  under  like  conditions. 

Fenders 

One  30-foot  pile  every  5  feet. 

Stringers,  two  2-in.  by  12-in.  lower,  two  2-in.  by  12-in.  upi>er  notched  in  piles, 
and  bolted  with  1-in.  by  8-in.  bolts  with  O.  G.  washers.  Ui>right8  2-in.  by  12-iii. 
—6  feet  long,  2  bolts,  one  in  upper  and  one  in  lower  stringer,  4  O.  G.  H-in. 
washers.    Fenders  painted  with  bituminous  paint. 
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Based  on  10  linear  feet  of  fender :  ' 

60  feet  of  creoeoted  piling  at  .28 ^ $  16. 80  [ 

Hauling  piling 2.00                      ; 

Driving  mling 9.42                      I 

120  feet  B.  M.  uprights,  $36,00  on  job 4. 32 

80  feet  B.  M.  stringers,  $36.00  on  job 2. 88 

Placing  lumber  and  bolts,  including  boring  holes 47. 00 

Painting 1. 00 

Bolts  and  nuts 4. 80 

Supervision 6. 00                      ' 

Cost  per  10  linear  feet  of  completed  fender $  93.  22 

Cost  per  linear  foot 9. 32 

r 
I 

Bottom  stringers  and  bolts  below  low  water  2  hours  work  per  dav,  all  timber 
floated  out  in  position,  bored  and  bolted  and  placed  by  men  in  small  row  boats; 
on  scows  or  lighters  to  be  had. 

Scale  of  Wages  , 

Pipe  layers.  $2.00  per  10-hour  day.  ' 

Cinchers,  $2.00  per  10-hour  day.  I 

Banders,  $2.25  per  10-hour  day. 
Spacers,  $2.25  per  10-hour  day. 
Painters,  $1.75  per  10-hour  day. 
Laborers,  $1.75  per  10-hour  day. 

Superintendent  and  engineer,  $11.66  per  day — $350.00  per  month.  ! 

Genera]  foreman,  $5.00  per  day.  l 

Gang  foremen,  $4.00  to  $3.00  per  day. 

Excavation  foremen,  $3.50  per  day.  /  [ 

Pump  men,  $3.50  per  10  hours. 

Watchmen,  $2.00  per  10  hours.  i 

Wages  paid  were  high,  as  all  work  was  in  water  always  at  least  18  ins.  deep.  J 

boots'  average  life  4  weeks  with  good  care,  cost  $5.50  per  pair  wholesale.     Hard 
to  keep  men  at  work,  600  to  700  on  pasrroU — 200  to  300  working. 

I 

Coal  of  Driving  PUea  for  Manholes.  • 

Four  30-foot  piles  for  each  manhole.     Manholes  1,000  feet  center  to  center.  t 

Cost  includes  building  pile  driver,  assembly  of  plant,  driving  piles,  moving 
driver,  dismantling  and  returning  to  store  yard  and  completion. 

Lumber  for  machine,  except  skids $  90. 00                      1 

Ddivery  at  Absecon  Camp 20. 00                       i 

Hauling  engine  from  Atlantic  City  to  Absecon 15. 00 

Bolts,  lines,  bars,  rollers,  nippers,  tools,  etc 80. 00 

Labor  assembling  driver —  ', 

Foreman  carpenter  a1^  $5.00;  3  laborers  at  $2.00,  4  days 44. 00 

Total  cost  plant $249. 00 

Dismantling  engine  and  haul  to  yard 10. 00  I 

Dismantling  leads  and  skids  and  haul  to  yard 22. 00 

$281.00 
Lees  credit  for  skids,  rope  and  tools  charged  to  another  branch  on  ; 

completion  of  driving 56. 00  j 

■  • 

Total  charge  against  the  work  for  plant $225. 00  h 

• 
It  must  be  remembered  the  machine  started  at  Absecon  end  and  worked  | 

toward  Atlantic  City;  all  piles  were  delivered  at  Absecon  with  exception  of  12,  j, 

which  were  delivered  on  "Old  Turnpike  Road;"  therefore  machme  had  to  : 

cany  with  it  40  piles.     As  each  manhole  required  4  piles,  each  move  meant  4  i 

piles  less  to  drag  forward,  but  you  can  see  the  handicap  the  work  was  done  under 
having  no  base  of  supplies.  This  crew  started  out  before  track  was  laid  or 
shanties  built  and  -  water  sometimes  2  feet  deep  on  meadows,  so  that  machine 
had  to  be  blockc»d  up  or  fire  would  be  put  out. 
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PUe  Driving  Crew 

1  foreman  at  $4.00 $     4. 00 

1  engineman  at  $3.50 3. 50 

1  top  man  at  $2.25 2. 25 

4  laborers  at  $2.00 8. 00 

2  hours  of  superintendent's  time  at  $1.16 2.  32 

2  hours  of  timekeeper's  time  at  .30 .60 

Coal,  delivered  within  2  miles  of  work  and  carried  in  50-lb.  sacks  across 

marsh  by  men,  per  day — Coal  cost  delivered  $5.00  per  ton 4. 10 

Water  rolled  in  barrels  yi  mile  across  marsh ^ 1. 05 

Oil,  waste,  etc .09 

Rental  charge  on  engine  and  boiler 2. 00 

Total  cost  per  day $  27. 91 

Number  of  days  worked 16 

Total  cost  of  labor $446. 66 

.  Total  cost  of  plant. ." 225. 00 

Entire  cost  of  \vork $671.  66 

52  30-ft.  piles  driven  in  place: 

4  piles,  each  1,000  feet,  cost  per  pile $  12. 915 

Cost  per  linear  foot  of  pile .43 

Manhole  Gang 

1  foreman  at  $3.50 $     3.  60 

6  skilled  laborers  at  $2.00 12. 00 

1  hour  timekeeper  at  $3.00 .30 

1  hour  superintendent  at  $11.66 1. 16 

Per  cent  of  waterboy .09 

Cost  per  day $  17. 06 

Time  required  to  set  manhole  complete,  2  days 2 

Labor  cost  to  set : $  34. 10 

Per  cent  of  plant  cost 1.  30 

Unloading  and  hauling  material 5.  00 

Cost  each .' , $  40. 40 

Cost  of  constructing  manholes  on  meadow  upon  piles  driven  by  pile  driving 
crew.     Weight  of  completed  manhole,  4 H  tons.     Composed  of  1  Tee  (4.000  lbs.), 

2  Bells  and  Flange  Pins  (4,200  lbs.),  88  IJ^-in.  by  7K-in.  Tobin  Bronae  Bolts 
and  Crex  Nuts,  2H-in.  Seamless  "Tubular  Lead  Gaskets,  1  Manhole  Plate  and 
Bolts.  Base  of  supplies,  average  1^^  miles.  Plant  used  to  set  manhole — 1 
tripod,  1  5-ton  chain  hoist,  1  2-ton  chain  hoist,  six  10-in.  X  lO^in.  X  30-ft. 
timbers,  8-in.  X  8-in.  blocking,  chains,  tackle,  wrenches  with  3-ft.  handles, 
spades,  cross-cut  saws,  diagraphm  pump,  1  timber  cart,  wheeb,  48-in.  with  104n. 
tread  (iron),  coup  hooks,  etc.,  rollers. 

Manholes 

Unloading  from  cars  at  Absecon  and  hauling  to  end  of  track  at  Absecon 

Camp,  $1.00  per  ton  by  contract $     5.  00 

Loading  on  cars  and  transporting  to  end  of  track 2. 10 

Unloading  on  cribs .80 

Excavating  around  piles  8  ft.  by  8  ft.  by  3  ft.  6  ins.  water  level  at  sur- 
face requiring  constant  pumping 3.  30 

Cutting  off  4  piles  and  capping .60 

Skidding  casting  over  hole  and  cribbing 6. 20 

Bolting  on  2  bell  pieces,  including  gaskets 12. 00 

Lowering  into  position  and  adjusting 3. 10 

Supervision 6.  00 

Percentage  of  plant  cost  less  credit 1 .  30 

Total  labor  cost  each  for  setting $  40. 40 

Total  labor  cost  each  for  piles . . . , 51 .  66 

Total  labor  cost  for  foundation  and  setting $  92. 06 

Cost  of  4  piles  delivered 16. 00 

Cost  of  2  caps  delivered 2. 04 

Final  cost,  including  piles,  foundation  and  labor $110. 10 
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8.70 
12.30 
25.00 

18.23 
1.97 
2.00 

62.10 


Cost  of  buildinft  intersection  at  Sta.  78  +  0  composed  of  two  48  X  42-in. 
reducers,  two  42-in.  gate  valves,  one  42  X  42  X  42-in.  T.,  one  42-in.  blank 
flange,  200  Tobin  bronze  bolts,  five  lead  gaskets,  etc.  Nearest  supply  depot, 
3  miles.  Intersection  located  within  300  ft.  of  W.  J.  &  8.  R.  R.  main  line;  made 
arrangements  with  railroad  to  load  all  material  on  flat  car  at  Atlantic  City  ;  haul 
to  job  at  night  and  railroad  to  unload  all  material  on  ground  by  railroad  derrick. 

Unloading  from  cars  at  Atlantic  City  at  contractor's  plant;  by  derrick 
of  all  material  for  intersection $ 

Loading  on  flat  cars  at  contractor's  plant  at  Atlantic  City  of  all 
material  and  tools  for  intersection 

Prilling  to  job  by  railroad  and  unloading  on  ground,  railroad  derrick 
used 

Excavation  8  X  8  X  3  ft.  6  ins.  water  level  at  surface  requiring  con- 
stant pumping 

Cutting  off  12  piles  and  capping 

Laying  boards  for  track  to  skid  castings 

Skidding  over  in  position  over  caps  of  all  castings 

Bolting  up,  iHcluoing  gaskets  and  blocking 42.  00 

Removing  blocking  and  lowering  into  position 18.  30 

Supervision 18. 00 

Percentage  of  plant  cost  less  credit 2.  60 

Total  labor  cost  for  setting. $211.  20 

Total  labor  cost  for  piles 154. 98 

Total  labor  cost  for  foundation  and  setting $366. 18 

Cost  12  piles  delivered 48. 00 

Cost  cape — 10-in.  by  10-in. — delivered 19.  82 

Final  cost,  including  piles,  foundations  and  labor $434. 00 

Cnrves  for  Estimating  the  Labor  Cost  of  "Continuous  Stave  Pipe." — 

The  following  data  are  taken  from  an  article  in  Engineering  and  Contracting, 

Feb.  17,  1915,  by  Andrew  Swickard,  Hydraulic  Engineer. 
The  total  cost  of  a  "continuous  stave  pipe"  is  made  up  of  numerous  items 

and  is  about  aa  follows: 

Staves — 

Coet  of  rough  lumber: 

Yarding 

Handling  to  mill 

Milling 

Interest  and  insurance 
Transportation: 

Railway  or  boat. 

Wagon  or  auto  truck  to  convenient  points. 

Distribution  along  the  line. 
Construction: 

Assembling  the  staves,  including  tongues,  with  only  enough  bands  on  to 
hold  them  together. 
Bands — 
Factory  coet  of  rods: 

Freight  charges. 

Wagon  haul. 

Distribution  along  pipe  line. 

Bending  to  proper  form. 

Painting. 
Factofy  cost  of  shoes: 

Freight. 

Haul. 

Distribution 

Painting. 

Aasembung  on  pipe,  spacing  and  backclinching. 
Tongues — 

Factory  cost  of  band  iron: 

Freight. 

HanTing. 

Cutting  into  proper  lengths. 

Painting  and  distribution. 

27 


Factory  price  f.  o.  b.  cars 
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The  coet  ol  tranaportatioD  la  Incidental  to  the  distance  uid  otber  phystnl 
conditions  attending  any  given  project.  The  same  applies  to  the  dLstribulIta 
(4  the  material  along  the  pipe  line.  It  the  topography  la  such  tbat  wHgodscan 
be  drawn  along  In  the  hiunedlate  vicinity  oC  the  pipe  line,  the  taalc  la  easy  but 
If  the  line  la  along  the  side  of  a  ateep  canyon  and  the  material  must  be  hobtcd 
from  below  or  let  down  from  above  by  means  of  on  aerial  tramway,  or  otim 
similai  means,  Che  cost  becomes  comparatively  high. 

After  the  staves  have  been  distributed  along  the  line  at  eraiveDlait  points. 
In  pUee  averaging  about  300  ft.  apart  and  each  pile  contidnlng  enough  staves 
to  fill  In  the  Intervening  gaps,  the  material  must  be  sorted  and  laid  ahead  of  tbe 
construction  party  In  piles  containing  the  number  of  stares  necessary  to  cont- 
plete  the  ring  ol  the  pipe.    This  phase  of  tbe  distribution  Is  a  part  of  the  coat 


Coitpir  llntol  feat  vfpipa  /ncotTi 


ol  assembling  the  staves  In  tbe  pipe.  Tbe  cost  of  assonbling  tbe  atavce  with 
only  enough  banda  put  on  to  hold  them  together  varies  with  local  condltiona. 
The  cost  curve  ahown  In  Fig.  20  la  an  average  of  actual  coata  for  slice  of  plpo 
hclow  9  rt.  In  diameter;  above  9  ft.  the  eun-o  is  merely  extended.  This  curve 
la  based  on  9  hours  labor  at  $2.50  per  day.  one  foreman  at  J3  per  day,  and  part 
of  a  general  foreman's  time,  say  i-i  of  tS  or  11.50  per  riay. 

The  cost  of  asaembling  the  staves  of  a  6B-m.  pipe  sa  represented  in  Pig.  29  is 
2S  vtt.  In  an  actual  case  where  the  average  length  of  pile  set  up  per  day  was 
61  llu.  ft.  tbe  detailed  coet  was  as  follows: 


WATEl.   V;1U. 

iiiteiid«nt'a  tJme^  •  -  ■ 


Ooe  disCribut- 


■Cte.  per  fool  of  pi 


Flo.  30.— Labor  coet  curv»  for  fiOu 
Thf  soUd  liae  repreiwnto  the  cw  ■ 

the  bands  averages  about  3iiia..t*b. 
bands  B8  fast  u  (be  pipe  cut  be  wmh 
the  band. la  In  one  or  two  [wie  wi. 
(K  the  same  influencs  the  number  of  ^ 
B  men  in  order  (o  keep  up  wltii  Uk  ab 

tlghuned. 

A  buid  paBses  through  a  niinui-    . 
dbpoaed  of  on  tbe  pipe;  It  muei  if.  ^ 
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distributed,  assembled  and  spikced  on  the  pipe,  hammeted  to  a  proper  seating 
OQ  the  wood,  uid  Snail;  cinched.  The  dotted  line  in  Fig.  30  represents  the 
coet  oT  putting  e  bond  tbrough  this  pri>cea3,  and  Figs.  31  and  32  represent  the 
cost  ol  each  ot  the  separate  steps. 

The  beitdlng  and  the  painting  ot  the  rods  Is  usually  done  Immediately  along 
the  pipe  line,  It  being  more  convenient  to  deliver  the  bonds  straight  than  bent. 
Also  It  is  desirable  to  keep  the  handling  of  the  bands,  alter  thej  are  painted, 
at  a  minimum. 

The  bending  or  shaping  ot  the  bands  requires  one  man  at  a  buidlng  table. 
The  table  Is  a  substantial  structure  s«  h^h  as  a  man's  waist,  with  a  [alsed 

Cost  Cents  Per  Bond 


dipping  tank,  located  at  about  300  ft.  inlervols  alon 
along  the  bending  and  paintine  curves  are  average 
bution  curve  are  the  result  of  computations  Iron 

drcle  or  halt  circle  on  the  top.  around  whlcl;  the  t 
used  when  the  rod  is  in  oi 

The  quantity  and  the  character  ot  the  paint  used  will  affect  the  cost  ot  tha 
painting;  the  qualitr  only  as  for  as  the  price  is  concerned,  but  the  character 
will  Influence  the  thickness  ot  the  coat  and  waste.  The  use  ot  a  paint  that 
dries  rapidly  and  thickens  quickly  In  the  dipping  vat.  and  therttfore  requitra 
tiequent  additiODs  ot  a  thinner,  will  result  In  coui^erable  waste,  esped^ly  oo 
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Xbt  dripping  boBid;  tbe  paJnt  tbat  drips  Irom  the  bimdi  will  become  too  thick 
to  run  back  into  the  vat. 

Tke  dbitributioii  oC  the  bands  after  beiiig  painted  should  have  conslderablB 
atlentlm  In  order  to  keep  the  cost  at  a  minimum.  Tbey  are  beet  placed  when 
lelt  in  bundles  alongside  tbe  line,  out  oF  tbe  way  of  the  stave  Bwembllng 
crew  but  so  that  the  bond  assemblers  have  rnerely  to  reach  for  them.  Tbe 
number  of  bands  dlatrlbuted  over,  sa;,  ever;  60  ft.  abould  be  determined  b; 
tbe  bond  spacing  over  tbe  given  distance. 

The  cost  of  back-clnchlng,  which  consists  of  hammering  the  bands  to  a 
proper  bearing  on  the  staves  and  clncblng  them  down  tight.  Is  the  most  vario- 

CoitCenfs  Fir  Band' 


Black-cinching  concifta  of  tithtentrig  and  hsmmeiiag  bauds  to  a  proper  bear- 

of  baek-cineblnc  is  much  greater  than  for  any  other  item  of  cost  because 
aQ  elasoa  of  labor  are  employed  od  this  part  ol  the  work. 

ble  ot  any  item  of  coat  couneded  wltb  the  actud  construction  o(  tbe  pipe.  It 
Is  a  thoughtless  sort  of  job  and  men,  good,  bad,  and  IndlQerent,  ore  usually 
put  at  tliis  task;  the  reflulliug  cost  In  a  way  corresponds  with  the  men. 

The  coat  dlagramia  give  average  costs  for  building  "continuous  stave" 
pipe.  The  cost  will  be  affected  by:  the  quantity  of  pipe  to  be  installed,  the 
chaiacl«T  of  tbe  seasoD  as  affected  by  the  locality,  the  physical  character  trf 
the  country  over  which  the  pipe  Is  located,  and  the  kind  ot  labor  thai  la  avail- 
able. A  pipe  buUl  on  a  bench  cut  Into  a  rugged  mountain  side,  where  nearly 
every  section  of  pipe  set  up  will  have  to  be  curved,  would  run  up  in  cost.  The 
awembling  of  the  atavee  under  such  condition  might  exceed  tbe  cost  given  b; 


( 


h 
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the  curve  by  50  per  cent.  The  cost  of  the  items  connected  with  the  banding 
of  the  pipe  would  not  vary  nearly  as  much  as  the  stave  work  under  such 
conditions. 

Example  of  Use  of  Unit  Coats. — As  an  example  at  the  use  of  the  cost  of  the 
various  items,  we  wih  apply  them  to  an  assumed  case,  as  follows: 

The  pipe  to  be  60  ins.  inside  diameter;  staves  2^  ins.  thick,  milled  from  3  X 
&-in.  stock,  36  staves  to  complete  the  ring,  requiring  54  ft.  B.  M.  of  rough 
lumber  per  foot  of  pipe,  the  actual  material  in  the  finished  staves  being  75.7 
per  cent  of  that  in  the  rough  material  or  40.9  ft.  B.  M. 

The  total  length  of  the  pipe  being,  say,  30,000  lin.  ft.,  requiring  a  total  of 
90,000  bands,  or  an  average  of  3  bands  per  foot;  the  rods  to  be  made  from  H- 
in.  round  and  in  two  parts,  the  two  parts  together  weighing  19.5  lbs. ;  the  two 
shoes  for  each  band  weighing  3.5  lbs.,  or  1.75  lbs.  each. 

The  metal  tongues  for  the  stave  joints  will  be  approximately  2H  in  number 
per  foot  of  pipe,  weighing  1  lb.  if  cut  from  No.  10  iron,  lyi  ins.  wide. 

Assume  that  the  freight  on  the  staves  is  20  cts.  -per  100  lbs.  and  that  the 
cost  of  the  haul  from  the  railway  point  of  deUvery  is  $1.25  per  ton;  that  the 
freight  on  the  rods,  shoes,  and  band  iron  is  75  cts.  per  100  lbs.  and  the  hauling 
$1.25  per  ton. 

Assume  that  the  staves  cost  f.  o.  b.  cars  $38  per  1,000  ft.  B.  M.  of  rough 
lumber;  that  the  rods  cost  $1.95  per  100  lbs.,  f.  o.  b.  cars:  the  shoes  $3.50  per 
100  lbs.,  and  the  band  iron  $2  per  100  lbs.,  f.  o.  b.  cars. 


Lbs. 
Assume  weight  of  staves  averages  2,700  lbs.  per  1,000  ft.  B.  M.,  then 

*u         •  u*         t     4.    t           •    2700X40.9  ,,^    ^„ 

the  weight  per  foot  of  pipe  is  TTv^Fi ~  ^  1^-  ^3 

luUU 

Bands  weigh  per  foot  of  pipe  (19.  5  +  3.  5)  X  3  = 69. 00 

Tongues 1 .  00 

Total  weight  =  180. 43* 

•Lbs.  per  foot. 


Estimaled  Coat  per  Foot  of  Pipe. 

Staves — 

- .  ^    .  ,   $38.00  X  54 

Material, ^^^ ■=  $2. 052 

Waste,  H  otl% =  0. 010 

F.ei...   ?Z20X^^^iO^O _  „,,, 

"-"■-•  """x^^V^L*"" -  0-- 

Assembling  (from  Fig.  29) »  0.  230  $2.  682 

Tongues — 

Material,  1  lb.  X  $0. 02 -  0. 020 

Waste,  IK  % =  0. 003 

„    .  ,  ^    1  lb.  X  $0. 75  ^  ^„ 

Freight,   — -  0. 008 

Wo   1    lib.  X  $1.25  _  ^, 

Haul,  -^ -  0.001 

Cutting  into  clips -  0 .002    0 .034 
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Buids — 

-,,  19. 5  lbs.  X  3  X  fl.95  ^,^, 

^^'      100 "  ^'^^^ 

Waste,  H  of  1  % «  0. 006 

„    .  ,  ,     19. 5  lbs.  X  3  X  $0.76 

Freight,  ^^j^ ^ »  0. 439 

„     ,   19.6  Ibe.  X  3  X  $1.26 

Haul, 2000 "  ^'^^^ 

o,         3.5  lbs.  X  3  X  $3.50  ^  ,,^ 

Shoes, ^ -=  0.316 

Waste,  1  % -  0.003 

^^^^    3.51be.X^X«0.75 _  ^^^ 

^^3,A^«L^yjU25 _  „^ 

Bending  (Fig.  31),  1.05  cts.  X  3 -  0. 032 

Painting  (Fig.  31),  1.90  cts.  X  3 -  0. 057 

Distributing  (Fig.  31),  3.20  cts.  X  3 -  0. 096  . 

Assembling  (Fig.  32),  1.50  cts.  X  3 «  0. 045  '• 

Cinching  (Fig.  32),  6.50  cts.  X  3 -  0. 195     2. 452  '• 


Special  connections,  say »     0. 045 

Repairing  leaks,  say ■»     0. 025     0. 070 


i 
ii 


Interest  and  depreciation  on  tools,  say 0. 015  t' 

Overhead  charges,  say 0. 026 


Actual  cost  per  foot $5. 178  1 

Total  cost,  $5,178  X  30,000 -       $155,340. 00  l' 

ji 

[ 

The  cost  of  excavating  for  the  bed  or  trench  for  the  pipe  has  not  been  con- 
sidered; that  being  practical  only  after  conditions  are  thoroughly  known.  A 
number  of  other  items  of  expense  might  be  necessary,  such  as  backfilling  imder 
and  perhaps  over  the  pipe,  building  roads  along  the  pipeline,  bridges  to  carry  I 

the  pipe  over  water-ways,  hoisting  the  material  from  a  road  in  the  bottom  of  a  { 

canyon  to  the  pipe  line  on  the  mountain-side  above,  and  others.  f 

Cost  of  Repairing  -the  Cedar  River  Wood  Stave  Pipe  Line  of  the  Seattle 
Water  Works. — The  following  statement,  of  the  methods  and  costs  of  repairing  | 

the  Cedar  River  continuous  wood  stave  pressure  pipe  line  of  the  Seattle  water  i 

works,  was  published  in  Engineering  and  Contracting,  March  18,  1914,  and 
was  compiled  fron  information  furnished  by  L.  B.  Youngs,  Sup't  of  the  Seattle 
Water  Department. 

Cedar  River  Water  Supply  Pipe  Line  No.  1  was  put  in  commission  in  Jan.,  ' 

1901.  The  pipe  is  mainly  42  ins.  inside  diiameter,  though  some  parts 
are  44  ins.  It  is  built  of  6 -in.  staves  made  from  the  native  Douglas  firs. 
These  staves  are  cut  from  2-in.  X  6-ln.  scantling  dressed  outside  and  inside  ! 

to  true  circumferential,  and  on  the  edges  to  radial  lines.  t 

After  13  years  the  steel  bands  do  not  seem  to  be  seriously  corroded.    The  [ 

staves,  however,  or  more  accurately  speaking,  individual  staves  here  and  there,  ', 

began  to  show  evidence  of  serious  decay  as  early  as  seven  years  after  installa-  ^ 

tion.     Other  staves  right  alongside  of  them  have  remained  practically  sound.  \, 

It  has  been  necessary,  therefore,  to  renew  certain  staves,  rather  than  to  renew  [ 

the  pipe  as  a  whole.  At  some  places,  where  the  pressure  is  light  and  where  the 
covering  is  of  loose  gravel  \diich  readily  admits  the  air  and  changes  of  tem- 
perature, sections  from  a  few  hundred  to  a  few  thousand  feet  have  been  fully 
replaced,  after  a  use  of  12  years,  with  new  pipe,  using,  of  course,  the  old  steel 
bands. 
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The  method  of  repair  is  shnple.  It  consists  of  uncovering  the  pipe,  loosen- 
ing the  bands,  taking  out  the  decayed  stave,  inserting  the  new  stave  in  its 
place,  and  cinching  the  pipe  up  again. 

After  the  staves  have  been  planed  to  form  in  the  mill  they  are  1^  ins.  thick. 
These  staves  will  hold  water  very  often  until  in  some  places  they  are  decayed 
untU  there  is  only  a  shell  >^  in.  thick.  Of  course  this  is  where  the  pressure  is 
comparatively  light,  and  the  backfilling  compact.  Sapwood  naturally  decays 
rapidly  and  the  department  specifies  that  not  more  than  onerfourth  of  the 
thickness  of  the  stave,  and  then  only  on  the  inside,  shall  be  sap. 

Following  is  a  detailed  statement  of  the  actual  cost  of  replacing  1,600  lin.  ft. 
of  44-ln.  pipe  in  1913.    Common  labor  was  $2.75  per  day. 

The  work  was  done  by  day  labor  under  departmental  direction. 

Tablb  XXXIII. — Cost  of  Rbbuildinq  1,600  Ft.  of  44-in.  Wood  Stave  Pipb 

AT  Sbattls,  Wash.,  in  1913 

Cost  of  Labor: 
Item :  Cost  per 

Excavation —  Amt.  Cost  lin.  ft. 

130  days  labor f    357.  50     

28K  days  team 141.25     $     498.75         $0.31 

Wrecking  pipe — 

30  days  labor 82. 60  82. 60  0. 06 

Painting  staves — 

17  days  labor 46.75  46.75  0.03 

Erecting  pipe — 

72  days  labor 198. 00  198. 00  0. 12 

Cinching  pipe — 

58  days  labor 159. 50  169. 60  0. 10 

■'  Tamping  pipe — 

78  days  labor 214. 50     

;  26  days  team 130. 00  344. 60  0. 22 


\ 


1 


Total  cost  of  labor.  1.600  ft.  pipe $1 ,  330. 00 

Total  cost  of  labor,  1  ft.  pipe $0. 83 

Cost  of  Material: 

Cost  per 
Item:  Amt.  Cost  lin.  ft. 

42,551  ft.  stave  lumber  at  $31.25  per  M .. .  $1,329.72  $1,329.72  $0.83 
Hauling  staves — 

6  days  labor 16. 50     

135i  days  team 68.  75  85.  25  0. 06 

155  gals.  C.  A.  wood  preserver  at  65  cts . .  100.  75  100.  75  0. 06 

Total  cost  of  material,   1,600  ft.  pipe 

(exclusive  of  iron  bands  and  shoes) ...  $1 ,  615.  72 

Total  cost  of  material  perlin.  ft.  of  pipe $0. 95 

Total  cost  of  labor  per  line  ft.  of  pipe .83 

Total  cost  of  pipe  rebuilding  per  lin.   ft $1. 78 


I  The  painting  mentioned  under  labor  is  an  experiment.    The  d^artment 

officials  cannot  say  just  what  its  effect  will  be. 

Life  of  Service  Pipes. — The  following  data,  from  the  Preliminary  Report 
of  Committee  on  Service  Pipes  submitted  at  the  Portland,  Me.  Convention 
of  the  New  England  Water  Works  Association,  are  given  in  Engineering  aad 
Contracting,  Dec.  11,  1916.  The  figures  given  are  the  averages  of  replies 
received  from  a  large  niunber  of  questionnaires  sent  out  by  the  committee. 


Years  before 

Life  of  pipe 

trouble  begins 

(years) 

12 

16 

15 

20 

JO 

35 

10 

23 

14 

28 
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Plain  iron  or  steel 

Gidvanized 

Lead 

Lead  lined 

Cement  lined 

Methods  and  Costs  of  Thawing  Water  Mains  and  Services. — Data  on 
the  1917-18  experiences  of  96  cities  with  frozen  water  mains  and  services  are 
included  in  the  report  of  a  special  committee  of  the  New  England  Water  Works 
Association.  The  methods  employed  by  these  cities  in  thawing  are  summar- 
ized by  Engineering  and  Contracting,  Jan.  18,  1919,  in  the  following  table: 


Electricity 

Steam 

Hot  water 

Electricity,  hot  water 

Electricity,  steam 

Electricity,  hot  water,  steam 2  10  [ 


Mains, 

Services, 

No.  cities 

No.  cities 

36 

31 

8 

8 

4 

11 

5 

24 

5 

6 

2 

10 

One  city  reported  that  the  blow  torch  was  employed  in  thawing  services; 
another  city  employed  fire. 

The  cost  of  thawing  with  electricity  per  job  varied  from  $20  to  f  1.  A  smn- 
mary  of  the  costs  is  as  follows: 

No.  cities  Reported    cost         No.  cities  Reported    cost 

3 $20  10 $10 

1 18  3 $8  to  $10 

3 $15  to  $16  21 $5  to  $8 

3 12  6 $3  to  $5 

2 11  5 Less  than  $3 


f 


i 


The  cost  of  thawing  with  steam  ranged  from  $4.50  to  $75,  the  later  figure  * 

being  reported  by  Stamford,  Conn.    One  city  reported  a  cost  of  $5,  one  a  cost  * 

of  $17.70,  one  $20,  one  $9.41,  one  $7.63,  one  $4.50,  one  $7.50,  one  $6.50,  one 
$16.50,  and  one  $14. 

The  reported  cost  of  thawing  with  hot  water  ranged  from  $2  to  $20.     Four  f 

cities  reported  the  cost  as  being  $2.  One  a  cost  of  $2.67;  three  a  cost  of  $3; 
five  a  cost  of  $4  to  $5;  three  a  cost  of  $5  to  $6;  one  a  cost  of  $11.20;  one  $14,  one 
$17  and  one  $20.    One  city  reported  the  cost  as  being  5  cts.  per  foot  of  pipe  * 

thawed.  * 

Three  cities  reported  on  the  cost  of  thawing  by  fire.     In  one  case  the  cost  i 

was  $11.16,  in  another  $10.96  and  in  the  third  $10  to  $30.  } 

Cost  of  Water  Main  Cleaning  in  Kansas  City,  Mo. — The  following  data  are  [ 

taken  from  an  article  by  Charles  S.  Foreman  in  Engineering  News-Record, 
June  16.  1921. 

Mr.  For^nan  believes  that  the  following  essential  facts  based  upon  his 
experiences  will  help  to  answer  some  of  the  questions  which  are  usually  asked : 

(1)  Cleaning  can  be  so  arranged  that  a  main  need  not  be  out  of  service 
longer  than  twelve  hours  for  cleaning.  (2)  The  cleaning  process  is  not  injur- 
ious to  the  mains.  (3)  An  increase  in  carrying  capacity  of  from  60  to  85  per 
cent  was  obtained  in  large  mains  and  the  carrying  capacity  of  such  mains  was 
restored  to  that  of  new  pipe.     (4)  The  saving  in  coal  costs  alone,  derived  from 
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cleaning,  will  pay  the  entire  cost  of  cleaning  within  from  one  to  three  years. 
(5)  Laying  of  additional  mains  to  obtain  increased  capacity  can  be  postponed 
until  the  consmnption  demands  are  equal  to  the  maximum  capacity  of  the 
old  main  on  the  basis  of  new  pipe.  (6)  When  taking  as  cyredits  such  items  as 
coal  saving  and  postponement  of  obligatory  laying  of  new  mains  the  entire 
cost  of  cleaning  is  saved  within  from  six  months  to  a  year. 

The  contractor's  price  for  cleaning  ranged  from  26c.  per  foot  for  16-in.  pipe 
to  45c.  per  foot  for  36-in.  pipe  and  the  total  cost,  including  all  expenses  for 
operating  valves,  cutting  and  repairing  pipe  and  for  all  necessary  sleeves  and 
material  was  $22,046  for  43,837  lin.  ft.  of  pipe  cleaned,  or  50.3c.  per  lineal  foot 
for  all  sizes.  The  total  cost  of  cleaning  the  various  sizes  including  pavement 
repairs  and  operation  of  valves,  etc.,  was  as  follows: 

Cost  per 
Length,  ft.  Size,  in.  Total  cost       lineal  foot,  cents 

7,202 16  $2,472.52  34.3 

7,280 20  $3,056.80  41.9 

3,371 24  $1,813.56  53.6 

8,984 30  $5,604.93  62.3 

17,000 36  $9,098.28  53.5 

The  table  on  the  following  page  shows  the  length  of  time  in  service,  the 
annual  operating  cost  for  coal  before  and  after  cleaning  of  the  various  sizes 
cleaned,  the  investment  required  and  the  annual  interest  thereon  to  obtain  the 
increased  capacity  by  laying  new  mains,  and  the  total  annual  saving  all  being 
based  on  5.000  ft.  of  each  size  and  on  the  normal  flow  through  the  pipe  at  time 
tests  were  made. 

Cost  of  Cleaning  Water  Mains  of  Louisville,  Ky. — The  following  notes  are 
taken  from  an  article  by  F.  Osborne  Redford  published  in  Engineering  and 
Contracting,  Sept.  6,  1911. 

Cost  of  Cleaning  Four-inch  Mains  in  Louisville. — The  cost  of  cleaning;  4-in 
mains  for  the  Louisville  Water  Company  is  given  below.  These  costs  are  fo 
the  work  done  from  June  2  to  June  12  inclusive,  1909.  These  dates  are  selected 
because  at  that  time  the  most  troublesome  section  of  the  city  mains  where 
being  cleaned.  During  these  eleven  days  7^937  ft.  of  4-in.  mains  were  cleaned 
at  a  contract  price  for  all  labor  and  material  of  7  cts.  per  ft.  The  total  cost  to 
the  city  was,  therefore,  $555.59. 

Actual  Cost. — The  actual  cost  of  labor  and  material  used  in  this  job  was  as 
follows: 

42  4-in.  sleeves $  55. 88 

63  ft.  4-in.  pipe 18.  26 

Yarn 0.  60 

Lead 12.00 

Cement 8. 00 

Sand 0.  66 

Labor 162. 99 

Teams 32. 00 

Overhead  charges 44.  69 

Total  actual  cost $336. 07 

Actual  cost  per  ft.,  4>4  cts. 

It  should  be  noted  that  the  mud  and  incrustaticm  encountered  on  this  section 
of  4-in.  pipe  nearly  closed  the  main.  The  deposit  in  this  section  of  the  city 
was  mostly  a  yellow  mud  from  the  Ohio,  with  just  a  very  thin  scale  of  incrusta- 
tion at  the  bottom  of  the  main.  The  capacity  of  this  main  was  increased  550 
per  cent  by  cleaning. 
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Coat  of  Cleaning  Six-^nch  Water  Mains  in  Louisville. — The  contract  piloe 
for  cleaning  the  6-hi.  mam  on  9,183  ft.  of  main,  for  labor  and  material,  was 
8  cts.  per  foot.     The  total  contract  price  was  $734.64. 

Actti€U  Cost. — The  actual  cost  for  labor  and  material  was  as  follows: 

33  6-in.  sleeves f  55. 77 

9  ft.  of  6-in.  pipe 3. 30 

Lead 11.72 

Yarn 0. 39 

Cement 4.  60 

Sand 0.  80 

Labor 131. 69 

Teaming 24. 00 

Overhead  charges 28. 00 

Total  actual  cost $260.07 

Actual  cost  per  ft.,  2.83  cts. 

The  writer  also  cleaned  water  mains  in  Middletown,  Pa.,  for  the  Middle- 
town  Sawtara  Consolidated  Water  Co.,  and  foimd  the  cost  of  the  work  there 
about  the  same  as  in  Louisville. 

Cleaning  Large  Mains. — The  machine  used  for  cleaning  larger  size  pipe  such 
as  8-in.  and  over  Is  of  similar  design,  with  a  double  plimger  in  the  rear  so  as  to 
propel  the  machine  with  water  power,  thereby  doing  away  with  the  cable  used 
with  the  smaller  type  of  machine. 

The  writer  knew  of  one  case  in  the  East  where  about  five  miles  of  20-in. 
main  was  cleaned  at  a  contract  price  of  60  cts.  per  ft.  This  price  was  exhorbi- 
tant.  As  a  matter  of  fact  the  entire  five  miles  of  pipe  were  cleaned  in  about  two 
weeks  at  a  total  cost  not  exceeding  $1,500.  It  has  been  the  writer's  observa- 
tion that  such  exorbitant  prices  have  kept  many  water  companies  from  clean- 
ing their  mains  by  contract.  It  is  the  judgment  of  the  writer  that  water 
companies  would  save  a  great  deal  of  money  by  cleaning  their  own  mains. 

Prices  per  Linear  Foot  for  Cleaning  Water  Pipe. — The  following  data  are 
taken  from  an  abstract,  of  a  paper  by  Caleb  M.  Saville,  Chief  Engineer  of  the 
Board  of  Water  Commissioners  of  Hartford,  Conn,  before  the  New  England 
Water  Works  Association,  published  in  Engineering  and  Contracting.  Feb. 
18,  1914. 

The  city  of  Hartford,  Conn,  is  supplied  with  water  by  gravity,  there  being 
three  mains  connecting  Reservoir  No.  1  with  the  city  as  follows:  two  20-in. 
mains  and  one  30-in.  main.  The  south  20-in.  main  originally  laid  in  1867 
had  been  largely  relaid .  The  north  20-in.  main  was  laid  in  1875  and  was  there- 
fore 37  years  old  when  cleaned.  The  30-in.  main  was  laid  in  1896  and  waa 
16  years  old  when  cleaned. 

The  supply  of  water  was  inadequate  through  these  pipes  and  there  was 
considered  the  advisability  of  constructing  a  new  connecting  main  or  of  clean- 
ing the  existing  mains. 

If  a  new  supply  pipe  was  laid  it  would  be  at  least  36  ins.  in  diameter  and 
about  33,000  ft.  long.  At  a  minimum  price  of  $8.25  per  linear  foot,  this  line 
would  cost  about  $270,000,  the  interests  on  which  at  5  per  cent  simple  interest 
would  be  $13,500  per  year,  and  at  compound  interest  the  charge  would  be 
$74,500  in  five  years. 

The  preliminary  estimate  for  cleaning  three  miles  of  30-in.  and  six  miles  of 
20-in.  pipe  was  $15,300,  a  little  more  than  the  interest  for  one  year  on  the 
amount  necessary  to  lay  a  new  36-in.  main.  If,  therefore,  the  construction 
of  the  36-in.  main  could  be  put  off  for  five  years  without  detriment  to  %h^ 
service,  the  saving  to  the  city  was  estimated  to  be  about  $60,000. 
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The  list  prices  quoted  by  the  National  Water  Main  Cleaning  Co.,  of  New 
Yorlc,  for  doing  work  in  the  distribution  system  were: 

List  Prices  Feb  Linkab  Foot  or  Watbb  Pipe  fob  Mechanical  Cleaning 

Cost  per 
Diam.  of  pipe  ft.,  cU. 

6-in 16 

»-in 17 

10-in 18 

12-in 22 

16-in 26 

20-in 30 

24-iii 40 

30-iii 65 

364n 80 

These  list  prices  were  stated  to  be  for  average  conditions  for  lengths. of  five 
miles  or  more  only  for  purposes  of  preliminary  estimate,  and  were  submitted 
with  the  reservation  that  local  conditions  might  cause  considerable  variation 
either  way.  In  Hartford  a  price  of  28  cts.  per  linear  foot  for  20-in.  pipe  was 
given  for  a  3-inile  contract,  with  a  further  reduction  if  a  g^reater  length  was 
cleaned.  The  conditions  were  exceedingly  favorable  for  a  large  part  of  the 
way  on  account  of  few  consumers  on  the  line,  advantageous  location  of  gate 
valves  and  blow-ofiFs  for  cutting  out  sections  of  proper  length  and  also  because 
of  a  parallel  main  with  cross-connections  which  gave  ample  water  for  operating 
the  machine  without  interference  with  the  city  supply. 

A  contract  was  entered  into  Sept.  4,  1912,  with  the  National  Water  Main 
Cleaning  Co.  to  clean,  on  trial,  3  miles  of  20-in.  pipe,  and  if  satisfactory  results 
were  obtained  the  cleaning  process  might  be  continued  through  several  miles 
additional  of  20-in.  and  three  miles  of  30-in.  pipe. 

Work  was  begun  Sept.  6  and  suspended  on  Oct.  24  on  account  of  scarcity 
of  water  in  the  reservoirs.  The  results  were  very  satisfactory  and  during 
this  period,  49  days,  a  total  of  33,093  lin.  ft.  was  cleaned.  On  this  section 
there  were  154  service  pipes  which  were  shut  ofiF  during  cleaning  and  only  four 
wwe  at  an  interfered  with  by  the  cleaning  operations.  Three  of  these  were 
ezteosion  meters  located  at  the  street  line  with  no  curb  cocks,  and  it  was  niBces- 
sary  to  remove  the  meter  and  clean  out  the  dirt.  The  other  service  afitected 
was  plugged,  but  was  easily  relieved  by  a  force  pump. 

The  usual  force  employed  on  this  work  was  a  superintendent,  a  foreman, 
acalker,  14  laborers  and  a  double  team  for  carting  pipe,  materials  and  supplies. 

Under  average  conditions  3,000  lin.  ft.  was  found  to  be  the  maximum  effect- 
ive length  for  cleaning.  The  contractor  stated  that  5,000  ft.  had  been 
successfully  cleaned  by  him  elsewhere,  although  in  some  places  it  had  been 
possible  to  go  only  1,500  ft.  at  a  time,  using  water  to  drive  the  machine.  If 
the  machine  is  drawn  through  by  a  cable,  the  length  of  section  is  from  500 
to  1,200  ft.  It  is  stated  that  the  machine  can  be  operated  by  water  under 
heads  of  as  low  as  10  or  12  lbs.  The  least  available  head  on  the  Hartford  lines 
WIS  somewhat  greater  than  this. 

Relative  Merits  and  Costs  of  Dug  and  Driven  Wells. — The  following  data, 
given  in  Engineering  and  Contracting,  July  14,  1915,  are  taken  from  a  paper 
before  the  Boston  Society  of  Civil  Engineers  by  William  S.  Johnson,  Consulting 
l^igineer  and  published  in  the  Journal  of  the  Society  for  May,  1915. 

As  to  the  rdative  merits  of  driven  wells,  dug  wells  or  filter  galleries,  there  is 
no  question  but  that  dug  well  is  the  most  satisfactory,  provided  the  conditions 
a«a  favorable  and  if  the  expense  is  not  too  large.    Where  water  is   obtained 
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from  some  neighboring  water  souioe  and  the  depth  of  porous  material  is  small, 
a  filter  gallery  parallel  to  the  shore  of  the  surface  source  may  be  desirable. 
Where  the  water-bearing  soil  is  at  some  considerable  depth  it  is  almost  invari- 
ably much  cheaper  to  obtain  water  by  means  of  tubular  wells. 


Table  XXXIV. — Cost  of  Dug  Wells 


Year 
Place  built 

Bedford.. 1909 

Avon 1895 

Canton 1889 

Cohasset 1909 

Greenfield 1913 

Henniker,  N.  H 1914 

Manchester 1892 

Marblehead 1912 

Middleborough 

Waltham 

West  Warren 1913 

Winchendon 1911 


Depth 

Diameter 

in  ft. 

in  ft. 

Coff 

21.0 

20.0 

$  3,981 

22.0 

.      20.0 

3,317 

29.0 

40.0 

8.555 

33.67 

25.0 

3,500 

31.0 

40.0 

7,850 

25.15 

20.0 

2,141 

29.0 

32.0 

10,476 

31.0 

25.0 

6,100 

22.0 

26.0 

4,964 

18.0 

40.5 

8.940 

18.0 

20.0 

3,800 

35.0 

40.0 

7.815 

Between  these  two  extremes  the  best  method  to  adopt  must  be  determined 
by  local  considerations.  One  of  the  advantages  of  the  dug  well  is  that  there  is 
a  large  body  of  water  in  store  from  which  to  draw  while  the  pumps  are  being 
run,  and  when  this  is  exhausted  the  well  has  the  time  until  the  pumps  are  next 
operated  to  recovei;  This  means  that  piunps  of  larger  capacity  can  be  used 
than  with  the  driven  well  plant.  Furthermore,  imder  these  conditions  the 
average  suction  is  likely  to  be  less,  as  in  the  case  of  driven  wells  the  ground 
water  level  at  the  wells  goes  down  quickly  when  the  pumps  are  started. 

Perhaps  the  chief  advantage,  however,  of  the  large  well  is  the  avoidance  of 
troubles  from  sand  and  air  which  are  likely  to  occur  in  any  driven  well  plant. 

Construction  of  Wells. — The  construction  of  tubular  weUs  and  the  method 
of  making  connections  with  the  suction  pipe  are  of  the  greatest  importance, 
as  the  leakage  of  a  small  quantity  of  air  will  cause  endless  trouble;  and  it  is 
also  desirable  that  it  should  be  possible  to  cut  out  any  particular  well  from  the 
system. 


Tablb  XXXV. — Cost  of  Tubular  Wells 


Place 


No.  and 


Depth, 
size    in  ft. 


Ashland 12-2H  in- 
East  Brookfield 9-2H  in. 

East  Douglas 9-2H  in. 

Duxbury 22-2H  in. 

Littleton 10-2H  in. 

Merrimac 18r-2}4  in. 

North  Chelmsford 20-2H  in. 

Oxford 15-2H  in. 

Pepperell 34-2U  in. 

Plainville 11-2H  in. 

Uxbridge 16-2H  in. 

Wrentham 9-2H  in. 

State  School 6-2H  in. 

Fairhaven 30-2H  in. 

Wareham 12-2H  in. 


25-32 
20. 7  av. 

27!  8  av.* 
22  av. 
35  av. 
30  av. 
24-28 
19-28 
25-50 
26-35 
29  av. 

22H  av. 
39  av. 


Cost 
of  wells 

$1,267 
604 

•  ••••• 

*2',866 

2, 704 
4,500 
1,800 
1,048 
680 
2,040 
1,160 


Costj  in- 
cluding 
suction 
Cost   to  pump- 
per  weD    station 

$105.00  $1,460 
67.20 


3, 

2 

3 

3 

629 
.324 
,000 
,100 

806 
.200 

•    •        •    • 

•    • 

140.00 

79. 

50 

112.50 

116.50 

113.20 

68.00 

97.00 


6,645 
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The  usual  size  of  driven  wells  in  New  England  is  2H  ins.  The  adoption  of 
this  size  is  simply  the  result  of  experience,  as  it  is  found  that  this  is  about  as 
large  a  pipe  as  can  well  be  driven  under  ordinary  conditions,  and  it  is,  of  course 
desirable  to  have  the  pipe  as  large  as  is  feasible.  For  the  well,  an  extra  heavy 
wrought-iron  pipe  should  be  used,  as  in  the  process  of  driving  the  pipe  receives 
very  hard  treatment  and  it  requires  a  heavy  pipe  to  stand  the  strain.  The 
pipes  are  driven  with  open  ends  except  in  the  case  of  very  fine  sand,  when 
strainers  have  to  be  resorted  to.  The  bottom  length  of  pipe  is  perforated 
with  a  large  number  of  small  holes  about  ^  in.  in  diameter  for  a  distance  of 
perhaps  2  ft.  from  the  end  of  the  pipe. 

The  two  methods  of  driving  the  pipes  most  commonly  in  vogue  are  the  use 
of  a  tripod  carrying  a  pulley  block  over  which  the  rope  carrying  the  driving 
weight  passes  to  men  standing  on  the  ground,  and  the  use  of  a  platform, 
clamped  to  the  well  casing  above  the  ground,  upon  which  the  men  stand  and 
lift  the  driving  weight  by  hand.  The  use  of  the  tripod  is  the  simpler,  but  the 
platform  has  the  advantage  of  carrying  the  weight  of  the  men  upon  the  pipe, 
which  assists  materially  in  sending  the  pipe  down  with  each  blow.  It  would 
seem  that  the  raising  weight  by  a  rope  would  be  much  easier  for  the  men 
than  to  stoop  and  Uft  the  weight  as  is  necessary  with  the  platform.  Men,  how- 
ever, incline  toward  the  platform  method. 

After  the  pipe  is  driven  and  washed  out,  it  is  cut  off  at  the  level  at  which  the 
suction  is  to  be  placed.  A  long-turn  T  is  put  on  and  then  the  pipe  is  continued 
up  to  somewhat  above  the  suriace  of  the  ground,  the  object  of  the  extension 
to  the  surface  being  to  provide  access  to  the  well  for  cleaning  out,  as  sand  is 
Ukely  to  worlc  into  the  pipe.  The  well  is  then  connected  to  the  suction  with 
2H-in.  jripe  and  a  lead  gooseneck,  each  connection  being  provided  with  a  gate 
so  that  it  can  be  shut  off  in  case  it  gives  trouble.  The  object  of  the  piece  of 
lead  is  to  give  flexibility  to  the  connection  and  prevent  danger  of  leakage. 

Cost  of  Water  Supply  Wells  in  Iowa. — The  following  table  is  arranged  from 
data  published  in  Engineering  and  Contracting,  Jan.  27,  1915  given  by  Prof. 
Jolm  H.  Dunlap  in  University  Extension  Bulletin  No.  8  of  the  State  University 
of  Iowa. 
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CHAPTER  VIII 
WATER-TREATMENT  PLANTS 

The  subject  of  water  purification  and  treatment  is  a  growing  one  and  its 
importance  becomes  greater  with  increasing  population  and  the  consequent 
danger  of  contamination  of  public  water  supply.  In  this  chapter  are  included 
not  only,  general  data  on  the  cost  of  constructing  and  oi)erating  water-treat- 
ment plants  but  also  detailed  costs  of  specific  operaticNis. 

Further  cost  data  on  this  subject  will  be  f oimd  in  Gillettes'  '*  Handbook  of 
Ck)8t  Data."  For  costs  of  pmnps  and  pumping  the  reader  is  referred  to 
Gillette  and  Dana's  "  Handbook  of  Mechanical  and  Electrical  Cost  Data." 

Hypochlorite  and  Liquid-chlorine  Costs. — The  following  data  published  > 

in  Engineering  News-Record,  May  3,  1917,  are  taken  from  a  paper  by  Philip 
Burgess,  before  the  Indiana  Sanitary  and  Water-Supply  Association  in  Feb. 
1817. 

Hypochlorite  and  liquid  chlorine  at  Indiana  wat^-treatment   plants  in  1 

1916   averaged  8.5  lb.  of  hypochlorite  and  1.8  lb.  of  liquid  chlorine  per  i 

1.000.000  gal.  of  water  treated.  The  average  costs  were  5.3  and  16c.  per  lb. 
respectively.  Thus  liquid  chlorine  cost  only  60%  as  much  for  material  as 
hypochlorite. 

Cost  of  liquid  Chlorine  Treatment  of  Water. — Engineering  and  Contract- 
ing, April  10,  1918,  publishes  the  following  cost  data  on  the  operation  of  liquid 
chlorine  plants  given  in  a  recent  technical  paper  of  the  New  York  State  Depart- 
ment of  Health  pr^ared  by  C.  M.  Baker,  assistant  engineer.  Division  of 
Sanitary  Engineering.  The  figiu'es  show  the  approximate  cost  of  apparatus, 
maintenance  and  operation  of  the  plants  at  Hudson  Falls,  N.  Y.,  and  West- 
fi^d,  N.  Y.  The  costs  of  chlorine  treatment  at  these  two  plants  was  as 
follows: 

HuDBOK  Falls 
Apparatiis — 

Chlorinator ". $400. 00 

Apparatus  for  testing  B.  coll 25. 00 

Incubator 10. 00 

Totol $435. 00 

Yearly  cost,  interest  at  5  per  cent $  21. 75 

Operation — 

Chlorine,  100  lb.  at  9H  ct $    9. 60 

Freight 1.05 

Trucking .50 

Total $  11.05 

Yearly  coet  based  on  treating  600,000  gal.  per  day  with  .3 

parts  per  million  of  chlorine 60. 44 

Maintenance  per  year 15. 00 

Total  yearly  cost ' $  97. 19 

Coet  per  1,000,000  gal.  water  treated 0. 44 
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Plant- 
Apparatus  $460. 00 

Building 125. 00 

Stove 10. 00 

Total $685. 00 

Yearly  coet,  interest  at  5  per  cent $  29.  25 

Operation — 

Chlorine,  100  lb.,  at  17H  ct $  17. 60 

Freight .65 

Cartage 1.26 

Total  cost  of  chlorine  per  100  lb $  19. 40 

Yearly  cost  of  chlorine  based  on  treating  1,000,000  gal.  per 

day  with  .3  parts  per  million  of  chlorine ...  177. 00 

Attendant  per  year 100. 00 

Oil  for  heater 20. 00 

Maintenance  per  year,  estimated 20. 00 

Total  yearly  cost $346.  26 

Cost  per  1,000,000  gal.  water  treated 0.  96 

At  Hudson  Falls  the  plant  is  located  in  the  pumping  station  and  is  attended 
by  the  engineer,  thus  eliminating  the  cost  of  the  building,  heating  and 
attendance,  while  at  Westfield  the  plant  is  2  miles  in  the  country  and  a  new 
separate  building  had  to  be  constructed  to  house  the  apparatus.  The  other 
item  of  difiference  in  cost  is  chlorine.  With  the  cost  of  chlorine  the  same  at 
Hudson  Falls  as  at  Westfield,  viz.,  17K  ct.  per  pound,  the  total  cost  per 
1,000,000  gal.  of  water  treated  would  be  $0.64  Instead  of  $0.44. 

Cost  of  Electrolytio  Chlorine. — ^The  following  matter  is  ti^en  from  an 
abstract  published  in  Engineering  News — Record,  May  24,  1917,  of  a  paper 
before  the  American  Water  Works  Association  by  F.  H.  Pitcher  and  James 
O.  Meadows,  respectively  chief  engineer  and  filter  superintendent  of  the 
Montreal  Water  and  Power  Co. 

The  electrolytic-cell  installation  has  been  in  service  since  only  the  first  part 
of  1917,  but  during  that  time  many  interesting  data  have  been  secured. 

The  chlorine-cell  installation  includes  a  salt-storage  bin  having  a  cai>ac^ty 
of  40  tons  of  salt,  the  brine  saturating  and  purifying  equipment,  two  15«hp. 
motor  generator  sets,  four  chlorine  cells,  and  the  silver  ejectors  and  distri- 
buting lines  for  applying  the  chlorine  water  to  the  water  to  be  treated. 

The  brine  saturating  and  purifying  equipment  consists  of  three  vertical 
galvanized-iron  saturators,  27  in.  in  diameter  by  6H  ft.  in  height,  provided 
with  a  spray  system  at  the  bottom  and  an  outlet  6  in.  from  the  top  and  two 
concrete  reaction  tanks  having  a  capacity  of  82  cu.  ft.  each.  These  tanks 
are  built  with  sloping  bottoms  and  have  a  pipe  grid  for  air  agitation.  Two 
sand  filters  are  provided  for  filtering  the  purified  brine,  which  passes  from  the 
filters  to  the  two  concrete  storage  tanks,  having  a  capacity  of  27.6  cu.  ft.  each. 

The  distributing  lines  for  applying  the  chlorine  water  to  the  water  to  be 
treated  are  1-in.  chemical  hose  lines.  The  chlorine  gas  is  ejected  into  the 
water  by  means  of  a  silver  ejector,  which  maintains  a  4-in.  vacuum  on  the 
chlorine  cells  and  takes  the  gas  from  the  chlorine  main  through  the  ejector  to 
distributing  lines. 

The  electrolytic  cell  is  of  the  Allen-Moore  type.  It  is  a  standard  600«amp. 
cell  and  is  7  ft.  long  by  20^6  in.  wide.  Each  cell  is  provided  with  Achesou 
graphite  anode  plates  and  pure  wrought-iron  perforated  cathode  plates.  The 
AUen-Moore  cell  is  of  the  unsubmerged  diaphragm  type  and  uses  asbestos 
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paper  for  the  diaphragm  material.  Unlike  several  other  types  of  electrolytic 
chloroine.  cells  the  cell  box  of  the  Allen-Moore  cell  is  made  of  concrete,  prop- 
erty protected  at  the  surface  to  withstand  the  chemicals. 

The  cells  are  connected  in  series  and  are  provided  with  short-circuit  switches 
or  cutouts.  The  voltage  carried  on  each  cell  is  approximately  3.3  volts,  and 
each  cell  is  capable  of  producing  32  lb.  of  chlorine  per  24  hours. 

Cost  of  Chlorine  Production 

The  annual  cost  of  production  is  estimated  as  follows: 

Salt  at  $8  per  ton $     500 

Power  at  1^0  per  horsepower 450 

Interest  at  6%  on  $5,000 300 

Depredation  at  15  % 750 

Labor  and  superintendence 500 

$2,500 

Three  chlorine  cells  furnish  the  requisite  amount  of  chlorine  for  sterilization, 
yielding  90  lb.  of  chlorine  gas  per  24  hours,  or  32,850  lb.  per  yetkT,  making  the 
cost  of  chlorine  produced  7.6c.  per  pound. 


Comparison  with  Present  Htpochlortth  Cost 

The  annual  cost  of  sterilization  previous  to  the  installation  of  the  chlorine 
cells  was  as  follows: 

Chloride  of  lime  at  3.75c.  per  lb $4 ,  105 

Interest  at  6  % 150 

Depreciation  at  5  % 125 

Labor  and  superintendence 500 

Total $4 ,880 

As  the  amount  of  chloride  .of  lime  required  was  300  lb.  per  day,  or  100  lb. 
of  available  chlorine,  the  cost  per  pound  was  13.4c.  or  5.8c.  per  lb.  more  than 
chlorine  produced  by  the  electrolytic  cells. 

With  normal  market  conditions  the  annual  cost  cd  the  two  forms  of  treat- 
ment would  be  approximately  the  same,  if  one  did  not  consider  the  general 
depreciation  that  chloride  of  lime  causes  about  a  water-purification  plant. 

The  three  cells  required  to  supply  the  chlorine  consumed  for  sterilization 
are  operated  with  a  current  load  of  500  amp.  and  13  volts.  The  electro- 
lytic cells  require  very  little  attention  and  up  to  date  have  given  excellent 
satisfaction. 

Advantages  of  Metal  and  Rubber  Tubing  for  Conveying  Alum  and  Hypo- 
chlorite Solutions. — Charles  W.  Saxe,  Chemist  in  Charge  of  the  Newport,  R.  I. 
Water  Filtration  Plant,  gives  the  following  notes  in  Engineering  and  Contract- 
ing. March  19,  1913. 

The  conveying  of  "Alum"  solution  to  the  point  of  application  in  mechan- 
ical filter  plants  is  attended  with  trouble  from  the  pipes  rapidly  clogging  up 
and  thus  hindering  the  flow. 

At  the  Newport,  Rhode  Island,  water  works  prior  to  August,  1912,  the 
Kdution  was  fed  through  a  IH-in.  lead  pipe  by  gravity  a  distance  of  120  ft. 
It  was  very  difficult  to  clean  out  the  deposit  and  also  to  make  the  lead  flange 
joints  tight  again.     Inch  and  a  quarter  2-ply  chemical  rubber  hose  was  sub- 
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stituted  in  August  and  so  far,  6  months,  has  needed  no  cleaning.  When  this 
is  desired  the  two  lengths  are  taken  apart  and  are  laid  out  on  a  flat  surface. 
The  hose  is  lightly  rolled  with  a  short  piece  of  board  and  is  then  flushed  out. 
The  3,000  grain  per  gallon  "  Alum"  solution  appears  to  have  no  effect  on  the 
rubber. 

Hypochlorite  of  lime  of  H  P^^  cent  strength  is  best  carried  in  galvanized 
iron  pipe.  A  thin  crust  forms  inside  at  first  but  it  does  not  increase  rapidly. 
The  2  per  cent  "  Soda"  solution  is  being  carried  in  galvanized  iron  pipe  also. 

Operating  Costs  of  Ultra-Violet  Sterilization  Plants. — The  following 
statement  as  to  the  oi>erating  costs  of  ultra-violet  ray  water  sterilization  plants 
is  quoted,  by  Engineering  and  Contracting,  Nov.  25,  1014,  from  a  paper 
before  the  American  Water  Works  Association  by  Dr.  Max  von  Reckling- 
hausen of  New  York  City: 

Operating  costs  will  vary  with  the  size  and  the  running  hours  of  the  plant, 
and  the  coefficient  of  safety  for  the  ultra-violet  ray  treatment.  According 
to  the  quality  of  the  water  I  expect  in  large  plants  which  run  24  hours  that 
the  current  consumption  will  vary  between  30  and  125  kw.  hours  per  1,000,000 
gals.,  allowing  for  a  large  safety  coefficient.  The  labor  charges  are  negligible 
as  the  apparatus  only  needs  an  occasional  cleaning  and  starting  of  lamps. 
Apart  from  this  the  lamps  have  to  be  repumped  and  repaired  from  time  to 
time.  When  the  water  is  cd  variable  physical  quality,  one  will  have  so  to 
establish  the  plant  that  all  the  lamps  will  be  running  during  the  period  of  least 
transparent  water  and  only  some  of  them  during  the  period  of  best 
transparency. 

Copper  Sulphate  Treatment  for  Algae. — The  following  matter  is  given  in 
Whipple's  "The  Microscopy  of  Drinking  Water"  (1914). 

In  1904  Dr.  George  T.  Moore  and  Karl  F.  Kellerman,  of  the  Bureau  of 
Plant  Industry,  U.  S.  Department  of  Agriculture  published  a  report  stating 
the  results  of  successful  experiments  made  by  them  in  the  eradication  of 
algsB  and  other  microscopic  organisms  from  reservoirs  by  the  use  of  copper 
sulphate.  This  report  immediately  attracted  wide  attention  and  the  method 
was  tried  in  many  places.  Nearly  ten  years'  experience  has  shown  its  advan- 
tageous use  in  many  situations  and  has  likewise  develoi)ed  some  of  its  short- 
comings. 

Copper  sulphate  had  been  used  as  a  fungicide  long  before  Moore  proved  its 
worth  for  destroying  algsB.  Many  experiments  had  been  made  by  Miquel, 
Devaux,  and  many  others,  which  showed  that  very  minute  doses  of  poisonous 
substances  were  able  to  destroy  the  unicellular  microscopic  organisms,  but 
Moore  deserves  full  credit  for  the  use  of  copper  sulphate  in  water-supplies. 
The  first  practical  test  on  a  working  scale  was  made  by  him  at  the  water-cress 
beds  in  Ben,  Va.,  in  1901,  where  a  troublesome  growth  of  Spirogyra  was 
eliminated. 

Effect  of  Copper  on  the  Human  System. — The  first  question  that  was  nat- 
urally raised  when  the  copper  treatment  was  mentioned  was  its  possible 
effect  on  the  human  system.  Moore  had  collected  extensive  data  to  show  the 
extent  to  which  copper  salts  were  used  in  medicine  and  the  wide  distribution 
of  copper  in  nature,  its  presence  in  vegetables  and  even  in  natural  waters 
themselves.  Clark  showed  that  some  natural  waters  in  Massachusetts 
contained  small  amoimts  of  copper.  Experience  with  the  use  of  copper  in 
many  water-supplies  has  fully  demonstrated  the  innocuous  character  of  this 
treatment  if  proi>erly  carried  out.  It  is  not  a  matter,  however,  that  should 
be  left  to  the  ordinary  laborer.    It  needs  intelligent  and  continual  supervision. 
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MHhod  of  Applying  Copper  StdphiUe. — The  method  of  applicatiMi  U  ex- 
tnuaely  simple.  Oidlnaiy  commerclnl  crystals  of  blue-vltrlol  are  used. 
The  required  quantlt;  ol  these  cryslals  Is  placed  In  Bcoarse.  bag,  gunoy-sack, 
perforated  bucket,  or  wire  basket,  attacbed  to  a  rope  and  drawD  back  and 
forth  in  the  water  at  the  stem  of  a  rowboat.  Or  an  outrigger  may  lie 
•tranced  so  as  to  drag  two  or  more  bags  at  thesame  time,  thus  cuttlog  a  wider 
■•rath.  By  rowing  slowly  along  about  100  lbs.  can  be  thus  diawlved  In  an 
hour.  By  usins  several  boats  quite  a  targe  reservoir  can  be  covered  in  a 
working  day.  For  a  very  large  reservoir  a  motor  launch  may  be  used.  In 
making  tbe  trips  tba  parallel  paths  of  the  boats  should  be  about  20  ft.  apart. 
Care  must  be  taken  not  to  row  too  slowly,  as  ton  great  a  concentration 
may  be  obtained  near  the  bags,  and  if  Qsh  should  swim  into  thb  overdosed 
water  they  might  be  poisoned. 

It  is  generally  preferable  to  cany  out  the  treatment  on  a  day  when  tbe  wind 
is  blowing,  so  that  the  circulation  of  the  water  may  mora  readily  distribute 
the  chemical.  Advantage  may  be  taken  also  of  vertical  convection  currents. 
If  the  algie  to  be  killed  are  near  the  surface  the  application  should  be  made 
eaiiy  in  tbe  day  when  the  surface-water  is  warmiog  and  tending  to  become 
stratified ;  but  If  the  algie  ar«  well  scatlered  through  the  water  it  is  better  to 
make  the  application  toward  ulght.  It  will  often  be  foimd  best  to  row  against 
the  wind.  It  has  been  found  difficult  to  treat  a  frozen  reseivolr  with  copper 
RUiphate.  as  the  chemical  does  not  diffuse  readily,  but  precipitates  at  the  bot- 
tom near  tbe  point  of  appUcatloa.    The  solution  of  copper  sulphate  is  heavier 

QuanlUn  of  Copptr  Sulphate  Rtguirrd.— It  Is  of  great  Imponance  that  Just 
the  light  quantity  of  copper  sulphate  be  used.  If  loo  little  Is  applied  the 
alg»  will  not  be  destroyed ;  If  too  much  Is  used,  there  is  danger  that  flah  may  be 
killed  and  there  is  also  the  money  waste. 

In  deciding  upon  the  quantity  to  be  used  several  factors  need  to  be  con- 
sidered, such  as  the  kind  of  algs  prewnt,  the  amount  of  organic  matter  Id  the 
water,  the  hardnesB,  the  presence  or  absence  of  carbonic  acid,  the  temperature, 
the  kind  of  Ssb  present,  and  of  course  the  quantity  of  water  to  be  treated. 

It  is  hazardous  for  one  not  familiar  with  the  various  matters  In- 
vcdved  to  attempt  to  treat  a  water-supply  with  copper,  as  the  eRect  of 
overdosing  may  produce  disastrous  results  in  the  destruction  of  fish  and  other 
animal  organisms.  Of  particular  necesslly  Is  II  to  know  what  organisms  are 
present  that  need  to  be  killed.  For  this  a  microscopical  examination  li 
eesenlial.      Fortunately  tbla  Is  an  easy  matter  for  a  watei-works  superln- 


Qaaitlilti  Required  to  Eradicate  Different  Oroaniinu, — Organisms  differ 
Koalderably  in  their  Busceptibllity  to  copper  sulphate.  Some  of  the  btue- 
gnen  algn  are  destroyed  by  tbe  application  of  only  one  part  of  copper  sulphate 
in  ten  million  parts  of  water,  while  other  organisms  require  more  than  ten 
times  aa  much  as  (his,  and  some  twenty  times  as  much.  One  of  the  organisms 
most  eaaQy  killed  is  Uroglena  which  can  be  eradicated  by  using  as  Utile  as  one 
pan  of  copper  sulphate  in  twenty  million  parts  of  water. 

It  Sa  probable  that  the  stage  of  growth  of  the  organisms  is  also  a  determining 
factor  and  that  the  presence  or  absence  of  carbonic  acid  is  important,  Dlffer- 
oit  observers  have  brought  In  different  figures  for  the  quantities  that  have 
proved  efficacious  with  the  same  organisms.  It  ia  impossible  to  state  any 
very  deflnite  figures  for  the  quantities  requireti,  but  the  fiillowlng  figures 
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chiefly  given  by  Kellerman,  one  of  the  originators  of  the  method,  are  believed 
to  be  as  reliable  as  any. 

Table  I. — Quantity  or  Copper  Sulphate  Requibed  fob  Diffebent 

Orqanisms 


Organisms 

Diatomacece: 

Asterionella 

Fragilaria 

Melosira 

Svnedra 

Navicula 

Chlorovhycece: 

Cladophora 

Conferva 

Hydrodictyon 

Scenedesmus 

Spirogyra 

Ulothrix 

Volvox 

Zygnema 

Microspora 

Draparnaldia ».  . .  . 

Rapnidium 

Coelastrum 

Cyanophycecg: 

Anabsna 

Clathrocystis 

Coelosphsearium 

Oscillaria 

Microcystis 

Aphanizomenon 

Prototoa: 

Euglena 

Uroglena 

Peidinium 

Glenodinium 

Chlamydomonas 

Cryptomonas 

Mallomonas 

Dinobryon  

Synubra 

Schizomycetes: 

BeggiatoiEi  

Cladothrix 

Crenotbrix 

Leptomitus 

The  figures  given  may  be  assmned  to  apply  at  a  temperature  of  16°  C.  or 
69°  F.  Moore  and  Kellerman  state  that  these  should  be  increased  or  de- 
creased by  about  2.5  per  cent  for  each  centigrade  degree  below  or  above 
15°  C. 

They  also  state,  though  with  less  assurance,  that  an  increase  of  2  per  cent 
should  be  made  for  each  ten  parts  of  organic  matter  i>er  milli<Hi  and  an  increase 
of  0.5  to  5  per  cent  for  each  ten  parts  per  million  of  alkalinity.  A  6  per  cent 
increase  should  be  made  if  the  amount  of  carbonic  acid  is  small. 

Calculating  the  Volume  of  Water  to  he  Treated. — Usually  the  quantity  of 
water  to  be  treated  is  not  known  exactly,  but  has  to  be  estimated.  The 
following  data  will  assist  in  making  this  estimate. 


Pounds  per 
million  gallons 

Parts  per  million 

of  water 

0.10 

0.8 

0.25 

2.1 

0.30 

2.5 

1.00 

8.3 

0.07 

0.6 

• 

1.00 

8.3 

1.00 

8.3 

0.10 

0.8 

0.30 

2.6 

0.20 

1.7 

0.20 

1.7 

0.25 

2.1 

0.70 

5.8 

0.40 

3.3 

0.30 

2.5 

0.30 

2.5 

0.30 

2.6 

0.10 

0.8 

0.10 

0.8 

0.30 

2.6 

0.20 

1.7 

0.20 

1.7 

0.10 

1.2 

0.50 

4.2 

0.05 

0.4 

2.00 

16.6 

0.50 

4.2 

0.50 

4.2 

0.50 

4.2 

0.50 

4.2 

0.30 

2.6 

0.10 

0.8 

5.00 

41.5 

0.20 

1.7 

0.30 

2.5 

0.40 

3.3 
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The  problem  is  first  to  find  the  number  of  million  gallons  of  water  in  the 
reservoir.  When  this  has  been  found,  the  total  quantity  of  copper  sulphate 
required  is  ascertained  by  multiplsring  this  by  the  figure  in  the  last  column  of 
the  preceding  table  corresponding  to  the  organism  that  is  to  be  killed. 
This  must  then  be  increased  or  decreased  slightly  to  take  accoimt  of  the 
other  factors  above  mentioned. 

One  million  gallons  of  water  represents  a  depth  of  about  3  ft.  over  one  acre. 
*Hence  the  numl>er  of  acres  of  water  surface,  multiplied  by  the  average  depth 
of  the  water  divided  by  3  gives  approximately  the  number  of  million  gallons  of 
water  in  the  reservoir.  In  an  ordinary  reservoir  the  average  depth  may  be 
taken  as  about  one-third  of  the  maximum  depth. 

If  the  reservoir  to  l>e  treated  is  so  deep  that  the  lower  strata  are  stagnant 
the  calculation  should  l>e  made  to  include  only  the  water  above  and  within  the 
transition  zone. 

Safe  lAmit  for  Treating  Water  to  Prevent  Killing  Fish. — Kellerman  recom- 
m^ids  that  in  order  to  prevent  killing  certain  fish  the  following  limits  should 
be  set  to  the  amount  of  copper  sulphate  applied  to  water. 

It  will  be  seen  that  some  of  the  amoimts  required  for  algsB  destruction  are 

critically  near  the  amounts  that  will  kill  fish.    This  explains  the  need  of 

okutious  application  of  this  remedy. 

Pounds  per 
million  gallons 
Fish  Parts  per  million      (approximate) 

Trout 0.14  1.2 

Carp 0.30  2.5 

Suckers 0.30  2.5 

Catfish 0.40  3.5 

Pickerel 0.40  8.5 

Goldfish 0. 50  4. 0 

Perch 0.75  6.0 

Sunfisfi 1.20  10.0 

Black  bass .2.10  17.0 

Copper  Sulphate  as  a  Disinfectant. — Copper  sulphate  will  destroy  bacteria 
if  a  sufficient  quantity  is  used.  The  amount  required  is  considerably  greater 
than  that  needed  to  destroy  algse.  For  killing  bacteria  copper  sulphate  is  less 
eflScient  than  hypochlorites  or  liquid  chlorine. 

Hypochlorite  Treatment  for  Alga. — Algffi  may  be  killed  by  the  use  <rf  hypo- 
chlorite, but  just  as  this  substance  is  better  than  copper  sulphate  for  bacterial 
disinfection  so  the  copper  treatment  is  generally  better  than  hsrpochlorites 
for  the  destruction  of  algs. 

Comparative  Costs  of  Coagulation. — The  following  matter  is  given  in 
Stein's  "Water  Purification  Plants"  (1915). 

Fig.  1  shows  the  costs  of  treatment  of  water  by  several  methods  with 
various  amounts  of  coagulant,  and  also  the  cost  of  removing  various  amounts 
of  acids.  The  cost  of  chemicals  includes  freight,  unloading  and  cartage, 
deterioration,  and  the  rehandling  in  charging  the  chemical  tanks.  The  costs 
pa*  hundred  pounds  used  were:  aluminum  sulphate,  $1.10;  ferrous  sulphate, 
10.70;  lime,  $0.35;  soda  ash.  $1.00.  For  large-sized  plants  these  values  could 
be  reauced.  From  these  curves  it  is  evident  that  the  iron  and  lime  treatment 
is  ch^pest,  followed  by  alum  and  natural  alkalinity,  alum  and  lime  (sufficient 
to  i»oduce  no  CO«)t  alum  and  soda  ash,  while  alum  and  soda  ash  (no  COt)  is 
most  expensive.  It  is  also  evident  that  by  increasing  the  amount  of  lime  used 
with  the  iron,  the  cost  of  this  process  may  rise  above  that  of  alum  and  lime. 
The  iron-lime  treatment  is  slightly  more  effective  for  high  turbidities,  a  fact 
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it  brought  out  bf  these  cuTvee.    For  acid  lemoTaJ,  lime  la  by  tai  the  li 


The  larger  the  beds  the  less  the  cost  per  acre.    Corerad  beds,  which  &re 
gBQertJly  used,  vary  in  size  Irom  0.4  to  0.8  aertB. 

The  foUowliig  calculation  Irom  an  article  ou  the  puiiflcatloD  of  public 
water  supplies,  by  C.  H.  R.  Fuller,  published  In  the  Aug.  1614  Issue  ol  Appliod 
Sdence,  Is  ot  asalataiice  In  detecmlniiig  the  ecottomical  Dumber  and  size  of  beds. 
The  cost  id  a  filter  m^  be  eathnated  aa  made  up  of  two  items.  (Ij  a  portion 
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proportional  to  the  area,  which  would  include  cost  of  bottom,  filling  small 
drains,  covers,  and  end  walls,  assuming  basins  rectangular  and  placed  side  by 
side,  and  (2)  a  portion  nearly  independent  of  the  size,  such  as  cost  of  piping, 
valves,  valve  chamber,  division  walls,  etc. 

Let   c  =  Cost  of  first  portion  per  acre, 

and  C  »  the  cost  of  the  latter  portion  per  filter. 

If      9  B  area  of  one  filter 

n  =  number  of  filters 

A  a  Total  net  area  required. 

Then,  assuming  one  filter  in  reserve 

^  +  1  (1) 


The  total  cost  is 


K 


n  — 

Cn  •\-  c  n  q 
A 


(2} 


(-,+0^''(-«^0 


C  -\-  cA  -\-  cq 


We  then  have 


CI-  + 
« 

CA 

+ 

Q 

dK        CA 

—    = -\-  c 

dq  q^ 

When  for  a  minimum  cost 

C 
c 

1.  e.  the  economical  area  of  one  filter  is  proportional  to  y/A  and 


(3) 


(4) 


"4 


The  larger  the  value  of  "c,"  the  smaller  is 


"«." 


The  values  of 


will 


c 

hardly  be^ larger  than  1/9  or  less  than  1/16,  giving  a  value  of  "«"  -  K  \^A 
to  H  \/A.  Thus,  when  A  «  9  acres,  the  capacity  «  -  H  to  1  acre  giving  9 
to  12  beds.  Where  A  =  1  acre,  the  capacity  would  he  ^i  go  }4  acre  giving 
3  to  4  beds.  Larger  beds  than  1  acre  are  imdesirable  on  account  of  increased 
difficulty  of  operation. 

Filter  beds  are  usually  rectangular  and  arranged  side  by  side.  It  is  usual 
to  place  them  in  two  rows  with  a  space  between  for  sand  washing,  regulating 
houses,  etc.  The  economical  proportions  of  the  beds  is  given  by  the  following 
formula: 

6  _  rt  +  1 

a  2n 

where  b  »  width,  a  «  length,  and  n  »  number  of  beds  in  a  row. 

Cost  per  Million  Gals,  of  Constructing  and  Operating  Slow  and  Rapid  Sand 
Water  Filtration  Plants. — Engineering  and  Contracting,  June  17,  1914,  pub- 
lishes the  following  data  given  in  a  paper  by  George  A.  Johnson  before  the  1914 
conv^ition  of  the  American  Water  Worlcs  Association. 

RtkUive  Cost  of  Slow  Sand  And  ^apid  Sand  Filtration. — In  discussing  the 
cost  of  building  water  filtration  works  of  the  slow  sand  and  rapid  sand  types, 
respectively,  consideration  will  be  given  only  to  those  items  referring  to  the 
filter  plant  proper.  Cost  of  land,  pumping  machinery  outside  connecting 
Iriping,  intakes,  etc.,  in  fact  everything  outside  the  filtration  plant  proper, 
wOl  not  be  considered. 
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For  slow  sand  filter  costs  the  items  will  include  the  necessaiy  filter  buildings 
and  filters  with  all  appurtenances,  all  inside  piping,  sand  handling  apparatus 
preliminary  sedimentation  basins,  preliminary  filters  and  appurtenances  and 
clear  water  reservoirs. 

•  For  rapid  sand  filter  costs  the  items  will  include  the  filter  buildings  and 
filters  with  all  appurtenances,  all  inside  piping,  filter  washing  apparatus 
coagulating  and  clear  water  basins.  Thus  a  fairly  good  idea  may  be  had  of 
the  relative  cost  of  building  purification  plants  of  the  two  types. 

Table  II. — Cost  of  Constbuction  of  Slow  Sand  and  Rapid  Sand 

Water  Filtration  Plants 

Present  daily  Approximate  cost 

filtering  capacity,     per  1,000,000  gals. 
C^ty  gab.  daily  capacity 

Slow  sand : 

Albany,  N.Y 20,000,000  $20,000* 

Pittsburgh,  Pa 200,000,000  26,000* 

Philadelphia,  Pa.: 

Torresdale 250,000,000  37,700* 

Upper  Roxborough 28,000,000  29,800 

Lower.  Roxborough 17,000,000  26,300* 

Behnont 60,000,000  45,200* 

Washington,  D.  C 100,000,000  30,000t 

Rapid  sand: 

Cincinnati,  Ohio 112,000,000  ll,400t 

Columbus,  Ohio 30,000,000  13,000$ 

Dallas,  Texas 15,000,000  13,000 

Harrisburg,  Pa 16,000,000  10,300 

Little  Falls,  N.  J 32,000,000  15,000 

Lorain,  Ohio 6,000,000  14,000 

New  Milford,  N.  J 24,000,000  11 ,000 

Watertown,  N.  Y 8,000,000  11,260 

w«;„i,f«^  o^^,o»o«  /  Slow  sand $32 ,  600" 

Weighted  averages  |  j^^pj^  ^^^^ 12 .  100 

*  Cost  of  preliminary  filters  included,  f  Cost  of  Dalecarlia  Reservoir  not 
included.  Cost  of  McMillan  Park  Reservoir  included,  and  also  cost  of  remodel- 
ing Georgetown  Reservoir,  as  well  as  cost  of  coagulating  basin,  t  Cost  of  large 
plain  sedimentation  basin  not  included.     §  Cost  of  softening  works  not  included. 


Table  III. — Cost  of  Operation  and  Maintenance  of  Slow  Sand  and  Rapid 

Sand  Filtration  Plants 

Cost  of  operation 

Average  volume  of  and  maintenance 

water  filtered  daily,  per  1,000.000  gals. 

Year         City                                                      gala.  of  water  filtered 
Slow  sand: 

1911  Albany,  N.  Y 20,000,000  $2.50 

1912  Pittsburgh,  Pa 100,000,000  3.41 

1911  Philadelphia,  Pa '  9,000,000  5. 62 

1911  PhUadelphia,  Pa.f 13,000,000  3. 59 

1911  Philadelphia,  Pa.J 38,000,000  3.88 

1911  Philadelphia,  Pa.§ 202,000,000  1.91 

1912  Washington,  D.  C 62,000,000  4.01 

Rapid  sand : 

1912  Cincinnati,  Ohio 50,000,000  4.12 

1911  Harrisburg,  Pa 9,000,000  3.93 

1912  Little  Falls,  N.  J 30,000.000  3.20 

1912  Louisville,  Ky 25,000,000  3. 48 

1912  New  Orleans,  La 16,000,000  6.32 

rrr  ■  U4.  J                 i  Slow  saud $2. 86 

Weighted  average  |  j^^pj^j  g^^d 4.04 

*  Lower  Roxborough;  t  Upper  Roxborough;  t  Belmont;  §  Torresdale. 
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Jobn  H.  Gregory,  who  has  been  peiwmallr  connected  wltb  7  out  of  the  IS 
plsnlB  mentioned  above,  glvea  (be  tollowius  data  in  a  diacuwloa  of  tlie  p^ter 
prspued  by  Mr,  Johnson,  which  was  deUvered  before  the  same  convention. 
Coil  of  CBruirudiot. — It  is  eieeedlngl;  dlOlcult  to  compare  Batlafactoril;  ttie 
coata  oT  construction  of  different  plants,  even  where  the  fullest  intormatloi] 
ngardlng  the  eame  Is  available.  Those  who  are  Dot  well  posted  as  to  the 
histoif  of  some  of  the  plants  cited  in  the  table  ma;  poesibl;  be  misled  as  to 
the  coat  of  building  both  slow  and  rapid  sand  Blteis  IT  they  accept  the 
figures  of  the  author  without  full  knowledge  of  local  conditions. 

One  of  the  features  which  very  materially  affects  the  cost  of  such  works  is 
the  total  reservoir  capacity  provided,  that  is,  the  combined  capacity  (rf  the 
settling  basins  and  of  the  clear  water  reservoirs.  To  Illustrate:  The  rapid 
sand  filter  plant  at  Little  Falls,  N.  J.,  which,  la  the  author's  table  Is  the  most 
eipeiulve  one  cited,  and  which  coat  115.000  per  1,000,000  gats,  daily  capacity, 
has  a  coagulating  basin  capacity  of  1.3  hours  and  a  filtered  water  rBservolr 
capacity  of  2.S  hours,  or  3.0  bours  total  reservoir  capacity.  At  Columbus, 
Ohio,  the  rapid  sand  filter  plant  there,  which  the  author  states  cost  tl3,00a 
per  1.000.000  gals.  daUy  capacity,  the  nsit  to  the  higheet  hi  cost  cited,  has  a 
aattUng  basin  capacity  of  12  hours  and  a  filtered  water  reservoir  capacity  of  8 
hours,  making  a  total  reservoir  capacity  of  20  bours.  or  five  times  as  much 
reservoir  capacity  as  that  ot  the  Little  Falls  plant.  If  the  reservoir  capadty 
of  the  Little  Falls  plant  had  been  approilmately  that  ot  the  Columbus  plant 
the  coat  <rf  construction  of  the  Little  Fills  plant  would  have  been  materially 
Increased  over  that  given  by  the  author.  Again,  the  New  Orleans  rapid  sand 
alter  plant  might  be  cited,  which  has  35.2  hours  total  reservoir  capacity, 
DT  practically  nine  times  as  much  reservoir  capacity  as  that  of  the  Little  Falls 
plant.  Other  factors  which  affect  Che  cost  of  construction  are  the  character  of 
the  raw  water,  the  rate  of  filtration,  the  character  of  the  construction  of  the 
works,  etc. 

Id  his  reference  to  the  Albany  slow  sand  filter  plant  the  author  gives  Its 
c^Mdty  as  20.000.000  gals,  dolly.  The  Albany  plant  as  originally  built  before 
the  pre-fllters  were  added  bad  a  capacity  of  IG.000.000  gals,  dally.  The  addi- 
tion of  the  pre-Blters  increased  thecapaclty  of  the  plant  very  materially  bo  that 
at  the  present  time  the  capacity  is  probably  In  the  n^ghborhood  of  23,000,000 
gals,  dally.  If  the  capacity  is  taken  at  28.000.000  Instead  of  20.000,000 
gals,  dally  thecoet  of  theplont  would  beabout  114,300  Instead  ot  (20,000  per 
1,000.000  gals,  daily  capacity  as  given  by  the  author. 

The  Philadelphia  alow  sand  filter  plants  were  expensive  plants  to  build. 
They  differ  In  one  way  from  many  of  the  other  tutors  of  the  same  type  that 
have  been  built  in  that  underneath  the  filter  floors  and  carried  up  all  around 
the  aides  of  the  filter  is  a  layer  of  puddle.  This  item  alone  materially  hicreosed 
Qte  cost  of  construction.  The  Loner  Hoiborough  and  Upper  Hoiborougb 
plants  were  buUt  on  high  ground  in  an  Isolated  section  several  miles  from  the 
■Morest  railroad,  and  the  cost  of  delivering  materials  tosuch  plants  was  higher 
than  would  ordlnoiUy  be  the  case. 

In  the  cost  of  the  Lower  Roxborough  plant  the  author  did  not  Include  the 
cost  of  the  Lower  Boiboraugb  Reservoir  which  was  built  many  years  before, 
and  which  supplke  settled  water  to  the  filter  plant.  Agahi,  a  similar  condl- 
Uoa  eilat«  at  the  Upper  Roiborough  filter  plant  with  regard  to  the  settling 
basin.  The  New  Hosdorough  Reservoir  was  built  soipe  ten  years  earlier 
than  the  filter  plant,  and  the  author  has  not  included  Its  cost  In  the  cost  ot 
the  Biter  plant.     Strictly  speaking,  the  costs  of  the  tteervolrs  should  bo  In- 
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eluded  in  the  costs  of  t&ese  two  plants  so  that  the  figures  would  be  comparable 
with  the  costs  of  the  other  slow  sand  filters  cited. 

The  Philadelphia  plants  were  built  during  a  iieriod  of  very  high  prices, 
and  to  use  the  costs  of  construction  of  these  plants  to  indicate  the 
reasonable  cost  of  slow  sand  filters  may  be  very  misleading  except 
to  those  who  are  familiar  with  the  early  history  of  these  works  and  who 
are  aware  that  the  costs  were  high  and  that  the  plants  could  be  duplicated  at 
less  cost. 

The  largest  slow  sand  filter  plant  under  construction  in  America  at  the 
present  time  is  at  Montreal,  and.  when  completed  next  year,  will  have  a 
capacity  of  60,000,000  U.  S.  gals,  daily  capacity.  The  total  cost  of  the  plant, 
on  the  basis  of  the  lump  sum  contract  prices,  including  the  low  lift  pumping 
station,  will  be  about  $22,600  per  1,000,000  gals,  daily  capacity.  Deducting 
the  low  lift  pumping  station  the  cost  will  probably  be  about  $21,000  per 
1,000,000  gals,  daily  capacity. 

It  would  have  been  interesting  if  the  author  had  cited  the  cost  of  the  slow 
sand  filter  plant  which  was  completed  at  Toronto  about  two  years  ago.  This 
plant  has  a  capacity  of  48,000,000  U.  S.  gals,  daily,  assuming  one-sixth  of 
the  filter  area  to  be  held  in  reserve,  and  based  on  a  rate  of  filtration  of  6,000,000 
U.  S.  gals,  per  acre  daily,  the  rate  for  which  the  plant  was  designed.  The  cost 
of  the  plant,  omitting  the  low  lift  pumping  station,  was  only  about  $12,700 
per  1,000,000  gals,  daily  capacity. 

In  considering  the  weighted  average  cost  of  slow  sand  filters  given  by  the 
author,  namely,  $32,600  per  1,000,000  gals,  daily  capacity,  it  may  be  well  to 
bear  in  mind  that  the  Montreal  plant  will  cost  only  about  $21,000,  that  the 
Albany  plant  cost  about  $14,300  and  the  Toronto  plant  only  $12,700  per 
1,000,000  gals,  daily  capacity. 

In  referring  to  the  cost  of  rapid  sand  filter  plants  the  author  cites  the  Colum- 
bus plant  as  costing  $13,000  i>er  1,000,000  gals,  daily  capacity.  This  plant  was 
designed  and  built  under  the  speaker's  direction  and  is  a  water-softening  as 
well  as  a  rapid  sand  filter  plant.  The  speaker  is  not  informed  as  to  what 
items  the  author  included  in  arriving  at  the  cost  of  the  Columbus  plant,  but 
in  the  speaker's  judgment  the  Columbus  plant,  considered  as  a  rapid  sand 
filter  plant  alone,  cost  nearer  $15,000  than  $13,000  i)er  1,000,000  gids.  daily 
capacity,  the  figure  given  by  the  author. 

Another  rapid  sand  filter  plant  which  the  author  might  have  cited  is  that  at 
Toledo,  Ohio.  Part  of  the  plant  was  built  for  a  capacity  of  60,000,000  gals, 
daily,  although  the  present  capacity  of  the  works  is  considerably  less.  In> 
eluding  only  such  items  as  are  chargeable  to  the  filter  plant  proper  the  works 
cost  about  $14,500  per  1,000,000  gals,  daily  capacity. 

Another  rapid  sand  filter  plant  which  might  have  been  cited  is  that  at 
Grand  Rapids,  Mich.  The  plant  was  completed  inside  of  the  last  two  years 
and  has  a  capacity  of  20,000,000  gals,  daily.  The  cost  of  the  plant,  as  given  to 
the  speaker  by  the  Grand  Rapids  officials  last  year,  including  such  items  as  are 
chargeable  to  the  filter  plant  proper,  was  $16,300  per  1,000,000  gals,  dally 
capacity. 

In  December,  1912,  the  city  of  New  York  received  bids  for  a  rapid  sand 
filter  plant  to  be  located  at  Jerome  Park  Reservoir  and  having  a  capacity  of 
320,000,000  gals,  daily.  Taking  the  lowest  bid  received  and  adding  to  it  the 
cost  of  the  buildings  and  other  necessary  work,  the  Jerome  Park  filter  plant. 
which  would  have  been  the  largest  rapid  sand  filter  plant  in  the  world,  would 
have  cost  $18,400  per  1,000,000  gals,  daily  capacity.    When  the  plant  is  buUt, 
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the  actual  cost  will  probably  be  in  the  neighborhood  of  $20,000  per  1,000,000 
gals,  daily  capacity,  as  much  of  the  excavation  for  the  plant  has  already 
been  completed. 

The  author  gives  the  cost  of  the  Cincinnati  rapid  sand  filter  plant,  which  has 
a  daUy  capacity  of  112,000,000  gals.,  as  $11,400  per  1,000,000  gals.  daQy 
capacity,  and  states  that  the  cost  of  the  large,  plain  sedimentation  basins  is 
not  included.  At  Cincinnati  there  are  two  large  settling  basins  to  which  the 
raw  water  from  the  Ohio  River  is  pumped.  The  water  is  first  settled  in  these 
two  basins,  and  is  then  delivered  to  the  coagulating  basins  at  the  filter  plant. 
There  is  no  question  in  the  speaker's  mind  but  that  the  settling  basins  are  part 
of  the  filter  plant  at  Cincinnati,  but  just  how  much  of  the  cost  of  the  same 
should  be  chargeable  to  the  filter  plant  may  be  a  question.  Mr.  J.  W.  Ellms, 
the  superintendent  in  charge  of  the  filt^B  at  Cincinnati,  in  a  paper  printed 
in  the  Journal  of  the  Association  of  Engineering  Societies  in  January,  1012, 
states: 

The  settling  reservoirs,  which  have  a  capacity  of  330,000,000  gals,  of  avail- 
able water,  are  in  part  a  portion  of  the  water  purification  plant,  although  they 
also  serve  the  purpose  of  storage  basins  and  were  designed  for  such  a  use  quite 
as  much  as  they  were  for  sedimentation  purposes. 

The  two  settling  basins  cost  $1,621,000,  or  about  $13,600  per  1,000.000  gals, 
daily  capacity  of  filter  plant.  Adding  this  cost  to  that  of  the  filter  plant 
would  give  a  total  cost  of  $25,000  per  1,000,000  gals,  daily  capacity.  As  the 
settling  basins  serve  as  storage  reservoirs  also  it  may  be  reasonable  to  charge 
the  filter  plant  with  perhaps  only  half  their  cost.  On  this  assumption  the 
cost  of  the  settling  reservoirs  chargeable  to  the  filter  plant  would  be  $6,800 
per  1,000,000  gals,  daily  capacity,  thus  making  the  total  cost  of  the  filter 
plant  $18,200  per  1,000,000  gals,  daily  capacity. 

Still  another  plant  which  the  author  might  have  cited,  and  among  the  best 
In  the  country,  is  that  at  New  Orleans,  which  has  a  capacity  of  40,000,000  gals, 
daily.  Including  only  such  items  as  are  chargeable  to  the  filter  plant  proper 
the  cost  of  the  New  Orleans  plant  was  about  $30,200  per  l,OOOiOOO  gals,  daily 
capacity. 

The  weighted  average  cost  of  the  Columbus,  Toledo,  Grand  Rapids, 
Cincinnati  and  New  Orleans  rapid  sand  filter  plants  is  $18,600  per  1,000,000 
gals,  daily  capacity,  while  the  author  gives  a  weighted  average  cost  for  rapid 
sand  filters  as  $12,100.  In  other  words,  the  weighted  average  cost  of  the 
five  plants  just  cited,  all  of  which  are  in  operation  and  which  are  among  the 
best  in  the  country,  is  over  50  per  cent  higher  than  the  weighted  average  cost 
given  by  the  author. 

The  speaker  has  but  little  further  to  say  on  the  subject  of  costs  except  that, 
in  his  judgment,  the  weighted  average  costs  as  given  by  the  author  are  too 
higii  for  slow  sand  filters  and  are  too  low  for  rapid  sand  filters.  Similarly  the 
fixed  charges  on  the  costs  of  construction  would  respectively  be  too  high  for 
slow  sand  and  too  low  for  rapid  sand  filters. 

The  speaker  is  not  presenting  any  brief  for  slow  sand  filters.  The  rapid 
sand  filter  is  more  flexible  than  the  slow  sand  filter  and  in  the  majority  of  cases 
in  the  United  States  is  better  adapted  to  the  purification  of  water  than  is  the 
slow  sand  filter.  The  slow  sand  filter  has  done  and  is  still  doing  good  work 
in  this  coimtry,  and  the  present  status  of  water  purification  is,  to  a  large 
extent,  due  to  the  introduction  of  the  slow  sand  filter. 

Relative  Cost  of  Mechanical  and  Slow  Sand  Filtration. — The  following 
data  arc  arranged  from  a  report  to  the  Commissioner  of  Works  of  Toronto, 
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that  in  subsequent  years  it  may  be  necessary  to  handle  more  sand  than  in  the 
first  period,  when  everjrthing  is  clean,  and  Mr.  Hazen  therefore  deems  it  wise 
to  use  the  same'figure  that  he  used  four  years  ago. 

6.  Relative  Coat  of  Operation. — The  estimated  costs  of  operation,  excluding 
pumping,  per  1,000,000  Imperial  gals.,  are  as  follows: 

Mechanical  filters $4. 80 

Sand  filters . .  #• •  1 .  83  ' 

Mechanical  filters  cost  2^  times  as  much  to  operate.  This  is  mainly  due 
to  the  cost  of  the  chemicials  required  with  them. 

Relative  EjUHetency  of  Sand  and  Mechanical  Filters. — Lake  Ontario  water 
lends  itself  admirably  to  the  sand  filter  treatment  and  excluding  the  effect 
of  hypochlorite,  better  and  more  reliable  bacterial  or  hygienic  results  will  be 
obtained  by  sand  filters  than  can  be  obtained  by  mechanical  filters. 

From  a  physical  standpoint  there  is  no  appreciable  difference;  either  kind  of 
filters  will  yield  water  free  of  color  and  turbidity  and  otherwise  satisfactory. 

With  the  systematic  use  of  hypochlorite  in  the  ^uents,  Mr.  Hazen  con- 
siders that  any  difference  that  there  might  otherwise  be  in  favor  of  sand  filters 
is  eliminated.  The  hjrpochlorite  treatment  conscientiously  used  can  be 
depended  upon  to  correct  any  falling  off  in  effidency  that  there  may  be  with 
filters  of  either  system,  and  he  considers  that  the  results  will  be  satisfactory 
from  a  hygienic  standpoint  in  either  case. 

From  the  standpoint  of  certain  mechanical  uses  to  which  the  water  may  be 
put,  and  especially  with  reference  to  boiler  feed  water,  the  sand  filters  have  a 
certain  advantage.  The  hardness  in  Lake  Ontario  water  is  in  the  form  of 
carbonate  or  temporary  hardness.  This  is  the  least  objectionable  form  of 
hardness.  The  use  of  chemicals  in  the  water  changes  a  certain  part  of  the 
carbonate  hardness  to  sulphate  or  i>ermanent  hardness,  and  this  is  more  in- 
jurious than  the  carbonate  hardness,  especially  in  boilers.  If  there  were 
otiier  and  sufiicient  reasons  for  using  chemical  treatment,  it  would  be  recom- 
mended, notwithstanding  this  condition.  In  the  absence  of  such  reasons,  it 
most  be  recognized  that  whatever  change  grrows  out  of  the  chemical  treatment 
tends  to  make  the  water  less  desirable  uid  is  to  be  avoided  as  far  as  may  be. 

Cost  of  Water  Poriictitioii  Ptents  in  Illinois. — The  following  data  given  in 
Engineering  and  Contracting,  Feb.  11, 1914,  are  taken  frc«n  a  paper  before  the 
Western  Society  of  Engineers  by  Edward  Bartow  and  Paul  Hansen,  Director 
and  Engineer,  respectively  of  the  Illinc^  State  Water  Survey  and  published 
in  the  journal  of  the  society,  December,  1913. 

Table  IV. — Data  on  Bomb  Wateb  Pxtbipioation  Pi/Ants  in  Illinois 

Wauke- 
City  gan 

Population 18,000 

Source  of  supply L. 

Michigan 

Ownership M 

Reaction  chamber,  minutes .... 

Coag.  basins,  hours 

Filters,  M.  G.  P.  D 

Clear  well,  hours 

Type  of  plant Sterili- 
sation 

Chemicals  used H 

Cost  of  plant  per  M.  G.  D $300 

L^end:  A — Alufai.  L — Lime.  I — Iron.  H- 


Mt. 

Rock 

Carmel 

Island 

Quincy 

Decatur 

8,000 

26,000 

37,000 

35,000 

Wabash 

Mi8S.R. 

Miss.  R 

Sanga- 
mon R. 

P 

M 

P 

M 

•   • 

•   • 

16.5 

16.0 

2.7 

12.0 

4.6 

4.0 

1.5 

6.0 

6.0 

9.0 

0.75 

24.0 

0.7 

4.0 

Rapid 

Rapid 

Rapid 

Rapid 

sand 

sand 

sand 

sand 

A-H 

A-H 

A-I^I-H 

A-H 

$6,700 

$10,800  $11,100  $15,400 

-Hypo.  M — Muni 

cipal.  P— 

-Private. 
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Cost  of  Water  Pufificatioii  and  Pvmpinc  Plant  at  Bridgeton,  N.  J. — The 

following  data  are  given  by  Henry  Ryon  in  an  article  published  in  Enc^eering 
and  Contracting,  March  4,  1914. 

The  3,000,000  gal.  water  filtration  and  pumping  plant  at  Bridgeton,  N.  J., 
a  city  of  approximately  15,000  inhabitants,  was  placed  in  regular  operation  on 
Nov.  1,  1913.  As  shown  in  Fig.  2,  the  purification  plant  consists  of  concrete 
coagulating  basin,  rapid  sand  filters,  clear  water  basin,  necessary  chemical 
storage  and  mixing  facilities  and  piping  and  the  pumping  plant  consists  of 
pumping  station,  coal  bunker,  pumps  and  boilers  and  chimney. 

The  30-in.  intake  was  built  of  vitrified  tile  pipe  and  cost  $3.70  per  lineal  ft. 
complete.     The  maximum  cut  on  the  total  length  of  8,500  ft.  was  14  ft. 


Fio.  2. — General  plan  of  Bridgeton,  N.  J.,  water  works  pumping  station  and 

purification  plant. 

The  coagulation  basin  has  a  capacity  of  150,000  gals,  or  about  an  hour*s 
flow.  The  filters,  each  12  ft.  by  14  ft.  6  ins.,  are  arranged  in  two  rows  of  three 
each  on  opposite  sides  of  the  operating  floor  and  pipe  gallery.  They  are  oi)er- 
ated  at  the  rate  of  500,000  gals,  per  day  (120,000,000  gals,  per  acre  per  day). 
The  clear  water  basin  is  located  beneath  the  filters  and  has  a  capacity  of 
200.000  gals.  This  basin  extends  far  enough  beyond  the  end  of  the  filter 
house  to  allow  four  additional  filter  units  to  be  built  on  its  roof  at  some 
future  time. 

The  cost  of  the  filter  plant  was  as  follows: 

Coagulation  basin : $  5,820 

Filters 17,960 

Clear  water  basin 13, 256 

Making  the  cost  of  filter  plant  proper  $37,000  or  $12,300  per  million 
capacity. 
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Tlie  pumping  plant  consists  of  two  (TOH  compound  pumping  engines  ol  the 
Etsnk  and  fl;  wheel  type  with  capacltlea  of  6,000.000  and  3,000,000  guls.  per  day 
respectively.  Ttialargerpumphad  beenlnservlceat  theoldpuraplns  station 
tor  Beveral  years.  The  steamfor  thepuiupelsHuppllBd  by  two  12fi  h.p.  waler 
tube  boilera  and  as  wllh  the  pumps,  only  one  holler  1b  used  at  a  time,  the  other 
bdBg  held  In  reaerve. 

Under  working  ciMidltloQa  (average  total  head  about  205  ft.)  430  gals,  of 
water  are  pumped  per  pound  olcoal.  Thb  Includes  the  coal  burned  to  lunilsh 
slauu  tor  the  blower  and  other  small  engines  at  the  plant. 


Fio.  3.— Layout  of  water  filtration  plant  of  WhiUng,  Ind. 

The  cost  ot  the  pumping  station  and  equipment  was  as  follows: 

Pumping  station 130,003 

CoalT)unlter 3,919 

Pumps  and  boiler 21,934 

Ciumney 3.020 

A  total  of  t5S,S7e  for  the  plant  or  about  (19,600  per  million  gaLi.  capacity 
Including  duplicate  machinery. 

During  the  period  the  complete  plant  has  been  In  operation  the  cost  per 
mlUlon  gala,  of  water  supplied  has  been  (31.40.  This  flgure  hidudeit  interest 
and  sinking  fund  and  maintenance  of  the  distrlbulian  mains. 

Coil  of  Kipid  Sand  Filtration  Plant  qI  WTiitiiig,  Ind. — Renrtlle  S.  Rankin 
dwcrtbes  the  filter  plant  of  Whituig,  Ind.,  In  Engineering  and  Coolraotlng, 
'  Sept.  10,  1919.  from  which  article  the  following  la  taken. 

Fig.  3  shows  the  genera!  layout  of  the  plant,  the  capacity  of  which,  basad 
upon  the  altera  is  4,000,000  ^,  per  24  hours. 
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The  dimensiooA,  capacity  and  operating  period  on  the  baAis  of  4,000,000fib. 
per  day  are  as  follows: 


Item  and  number  of 
units 

Aerator  (1) 

Mixing  basin  U) 
Coagulating  basins  (2). 

Filters  (6) 

Filtered  water 
storage  basin  (I) 
Auxiliary  filtered 
water    basin   (2) 

Head  house 

Pumps 

High  service  (2) 
(2)    . 

Wash  water  (1) 


I 


Dimensions,  ft. 

30  X  48  (in  plan) 
.  33  X  12  X    5  ft.  deeo 
40  X  81  X  16  ft.  deep 
12  X  19.5 

04  X  91  X  14  ft.  deep 

45  X  18  X  lift,  deep 
.   4  stories 


Capadtj, 

Capacity,  gals.        hmm 


700.000 
666.000  (each) 

890.000 


5.000.000 
3.000.000 
5.000,000 


5.8 


The  contract  c(»st  of  tlie  entire  work  was  as  follows: 


Entire  plant,  excepting  5  pumps. 
Pumps 

ToUl 


$179,742 
11.845 

$191,587 


On  the  ba.>)is  of  4.000.000  gals,  per  day  the  contract  cost  (June,  1919)  b 
$47.90f)  per  million  gaLs.  to  which  should  be  added  say  15  per  cent  for  engi- 
neering and  contingencies  making  the  total  $50,300  per  million  gate. 

Cost  of  Rapid  Sand  Filtration  Plant  at  Columbus,  Indiana. — The  foUowinf 
data,  given  by  Philip  Burgess,  Consulting  Engineer  and  designer  of  theptaot 
in  a  pai»er  before  the  Indiana  Sanitary  and  Water  Supply  Association  at  tiM 
1913  annual  convention,  are  taken  from  an  abstract  of  the  paper  publislMd 
in  Engineering  and  Contracting,  March  5.  1913. 

Dcricea  fur  Prfparinif  ami  Applying  the  Chrmical  Soluiion. — The  devkSBS 
pro\i<led  at  Columbus  to  introduce  the  alum  comprise  a  concrete  disMlriBi 
tank,  two  .solution  storaf?e  tanks,  two  solution  immps.  a  cliemical  feed  ragiila' 
tor.  a  raw  water  weir  box,  and  all  necessary  solution  piping. 

The  chemicals  are  stored  in  a  room  21  ft.  wide  by  36  ft.  long  in  wUdili 
placGfi  also  the  mixing  tank.  Beneath  the  latter  are  constructed  two  rain- 
forced  concrete  solution  .storage  tanks,  each  5  ft.  6  ias.  by  6  ft.  4  ins.  by  8ft. 
deep,  containing  2,080  gab*.  The  .solution  pumps  have  a  capacity  of  lOgKla 
|)er  minute  an<l  lift  the  .solution  from  the  tanks  into  the  chemical  raguUtor. 
located  in  the  pi|)e  gallery  near  the  raw  water  weir  box.  An  oveiflow  cwriM 
tlie  excess  of  solutitm  back  to  the  storage  tanks. 

Cooffulatino  Bimina. — The  coagulating  basins  are  two  in  number,  each  106 
ft.  8  ins.  long,  78  ft.  G  ins.  wide,  witli  an  average  available  depth  of  15  ft.  4  ian 
The  basins  are  built  of  reinforce<l  concrete  and  are  uncovered.  The  total 
capacity  of  the  two  ba^^ins  Ls  055.000  gals.,  equivalent  to  5.7  hours*  treatOMiit 
on  the  basis  of  4,000,000  gain,  daily  capacity. 

Each  basin  is  divided  longitudinally  by  a  reinforced  concrete  baffle  into  two 
equal  compartments  .so  that  the  length  of  flow  through  each  basin  Is  213  ft. 
C\)nsequently,  the  maximum  velocity  of  flow  through  the  basin  b  0.6  ft.  pff 
minute. 

The  hu.sjns  are  dcsigne«i  to  operate  semicontinuously  and  there  la  pffovidid 
A  sludfre  ftLtp€)snl  system  in  each  of  the  first  compartments  to  provtde  for  tte 
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d  of  aludce  without  emptying  the  basins.  Each  sludge  disposal  system 
led  into  two  sections  and  comprises  6  lines  of  4-in.  double  strength  soil 
rilled  with  H-in.  holes  30  ins.  apart.  Each  of  the  four  sections  dis- 
i  through  an  g-in.  pipe  controlled  by  an  g-in.  quick-opening  valve, 
I  in  the  pipe  gallery  of  the  filter  house. 

the  further  removal  of  sludge  and  for  the  complete  emptying  of  the 
,  there  are  provided  four  g-hi.  inlets  into  a  12-in.  main  drain, 
inlet  to  each  basin  is  a  16-in.  cast  iron  pipe  leading  from  the  raw  water 
9X  to  the  center  of  the  flr»t  compartment  and  controlled  by  a  gate  valve 
1  in  the  pipe  gallery.  Each  basin  diischargeH  at  the  top  through  15  4-in. 
openings  extending  across  the  entire  section  of  the  compartment  and 
^  into  a  reinforced  concrete  trough  in  the  pipe  gallery.  A  16-in.  pipe 
3ur  12-in.  branches  carries  the  treated  water  to  the  filters. 
trs, — The  filters  are  four  in  number,  each  29  ft.  9  ins.  by  20  ft.  10  ins. 
ft.  6  ins.  deep.  The  tanks  were  built  monolithically  of  reinforced 
ite.  Each  is  divided  into  two  sections  by  a  central  gutter  18  in.<<. 
Each  filter  has  a  total  sand  area  of  350  sq.  ft.  and  a  nominal  capacity  of 
MO  gals,  when  operated  at  a  rate  of  125,000,000  gals,  per  acre  daily. 
t>ably  the  most  important  feature  in  the  design  of  any  rapid  filter  is  the 
d  provided  for  washing.  The  principal  adopted  at  Columbus  is  that 
ped  by  Mr.  Ellros  at  Cincinnati  and  is  baited  on  an  upward  flow  of 
icater  at  a  rate  of  24  ins.  rise  per  minute.  No  agitation  other  than  the 
ate  of  washing  is  provided. 

strainer  systems  comprise  concrete  channels  12  ins.  apart  covered  with 
ated  brass  plates  and  are  of  a  design  similar  to  that  developed  at  Cincin- 
ccept  that  the  concrete  channel  extend  laterally  in.setad  of  longitudi- 
icroH  the  tanks.  Beneath  the  central  gutter  of  each  filter  is  a  main 
t  channel  of  reinforced  concrete  18  ins.  square  and  the  discliarge  from 
ain  channel  is  through  42  2-ln.  wrought  iron  nipples  extending  into  each 
si  of  the  strainer  system. 

r  WeU. — The  dear  well  ia  constructed  beside  the  coagulating  basins  and 
ctangular  reinforced  concrete  tank  covered  with  a  concrete  slab  roof. 
10  ft.  3  ins.  long  by  47  ft.  wide  and  has  an  available  depth  of  14  ft  Its 
apacity  is  534.000  gals,  and  in  order  to  make  the  entire  storage  available, 
et  to  the  discharge  pipe  is  placed  in  a  sump  4  ft.  by  3  ft.  deep.  When 
ant  is  operated  at  full  capacity  the  periofi  of  storage  available  in  the 
rell  is  3.5  hours,  and  the  elevation  of  high  water  in  the  clear  well  is  such 
lere  is  a  minimum  available  head  of  9  ft.  on  the  filters. 
sred  water  is  conveyed  from  the  clear  well  to  the  present  pumping  sta- 
uough  a  20-in.  cast  iron  suction  line,  approximately  470  ft.  long,  con- 
ad  at  large  expense,  because  the  trench  is  for  a  considerable  distance 

0  ft.  deep. 

rder  to  furnish  the  required  quantity  of  wash  water,  there  is  provided  a 

-gal.  steel  tank  and  tower  suppliefl  by  a  2-in.  connection  to  a  4-in  main 

distribution  system.     The  bottom  of  the  tank  is  18.4  ft.  above  tiie 

1  in  the  filters.  The  tank  is  of  the  so-called  "  railroad"  type  with  an 
ad  bottom  and  a  4-in.  riser  pipe.  In  order  to  maintain  a  con.stant 
of  water  in  the  tank  and  to  prevent  its  overflow,  an  automatic  aititude- 
Ulng  valve  is  provided  in  the  2-in.  supply  line. 

•/  Conttruclion  of  Purification  Plant. — The  contract  for  the  filter  plant 
mded  in  July.  1912.  In  the  following  table  are  shown  the  costs  ol  the 
1  items  comprising  the  work: 
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4.  eO.OOO  lat.  sCeel  t 

Bridge  A  Iron 

5.  Raw  water  puni] 


IBDdt 

le  pipe 

Une..  1 

tid  erected  by 

theChicaco 

OUM,  i 

•ts 

(ounda 

presen 

tiemand.ere 

etioD  ol  the 

PiQ.  4.— Qidndaro  sUtion  of  Kansae  City.  Kan.,  Water  Worlte, 

giwroDteed  combiDed  efflcieacy  □[  6fi.5  per  cent  and  cost  S040.  uid  a  centri- 
fugal steam  turblne-d riven  pump  with  a  Buaranteed  duty  of  36,600.000  ft.- 
Iba.  when  operated  non-condensing,  and  of  84,600,000  ft.-lbs.  when  operating 
coDdemiog,  and  cost  1 1,228. 

CoBt  of  ITew  Plant  for  the  Purlflcitiaa  of  the  Tater  Supply  Kansia  City, 
KanasB. — Engineering  Record,  Jan.  27.  1913,  gives  the  following  cost  of  con- 
atnictlng  the  new  6,000,000  gai.  rapid  sand  water  purification  plant  of  Kanaas 
City.  The  worit  was  done  by  contract  In  connection  with  the  reihabilitatlng 
of  the  waterworks  aystem  purchased  by  the  city  from  the  Metropolitan  Water 
Co. 

Fig,  4  shows  tbe  general  layout  of  the  entire  station  and  includes  both  the 
ortginai  plant  and  the  additions,  the  costs  of  which  follow. 

Without  going  into  the  details  the  coats  of  the  new  pumping  station  and 
pumping  station  equipment  were  as  toilows: 
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removal  of  sludge  without  emptying  the  basins.  Each  sludge  disposal  system 
is  divided  into  two  sections  and  comprises  6  lines  of  4-in.  double  strength  soil 
pipe  drilled  with  f^-in.  holes  30  ins.  apart.  Each  of  the  four  sections  dis- 
charges through  an  8-in.  pipe  controlled  by  an  9-ln.  quick-opening  valve, 
located  in  the  pipe  gallery  of  the  filter  house.  \ 

For  the  further  removal  of  sludge  and  for  the  complete  emptying  of  the 
basins,  there  are  provided  four  8-in.  inlets  into  a  12-in.  main  drain. 

The  inlet  to  each  basin  fa  a  16-in.  cast  iron  pipe  leading  from  the  raw  water 
weir  box  to  the  center  of  the  first  compartment  and  controlled  by  a  gate  valve 
located  in  the  pipe  gallery.  Each  basin  discharges  at  the  top  through  15  4-in. 
round  openings  extending  across  the  entire  section  of  the  compartment  and 
leading  into  a  reinforced  concrete  trough  in  the  pipe  gallery.    A  16-in.  pipe  > 

with  four  12-in.  branches  carries  the  treated  water  to  the  filters. 

Filters. — The  filters  are  four  in  number,  each  29  ft.  9  ins.  by  20  ft.  10  ins. 
by  10  ft.  6  ins.  deep.  The  tanks  were  built  monoUthically  of  reinforced 
concrete.     Each  is  divided  into  two  sections  by  a  central  gutter  18  ins.  \ 

wide.    Each  filter  has  a  total  sand  area  of  350  sq.  ft.  and  a  nominal  capacity  of  » 

1.035,000  gals,  when  operated  at  a  rate  of  125,000,000  gals,  per  acre  daily.  [ 

Probably  the  most  important  feature  in  the  design  of  any  rapid  filter  is  the  \ 

method  provided  for  washing.  The  principal  adopted  at  Columbus  is  that 
developed  by  Mr.  EUms  at  Cincinnati  and  is  based  on  an  upward  fiow  of 
wash  water  at  a  rate  of  24  ins.  rise  per  minute.  No  agitation  other  than  the 
high  rate  of  washing  is  provided.  . 

The  strainer  systems  comprise  concrete  channels  12  ins.  apart  covered  with 
perforated  brass  plates  and  are  of  a  design  similar  to  that  developed  at  Cincin- 
nati except  that  the  concrete  channels  extend  laterally  Insetad  of  longitudi- 
nally across  the  tanks.  Beneath  the  central  gutter  of  each  filter  is  a  main 
effluent  channel  of  reinforced  concrete  18  ins.  square  and  the  discharge  from 
this  main  channel  is  through  42  2-in.  wrought  iron  nipples  extending  into  each 
channel  of  the  strainer  system. 

Clear  Well. — The  clear  well  is  constructed  beside  the  coagulating  basins  and 
is  a  rectangular  reinforced  concrete  tank  covered  with  a  concrete  slab  roof.  ., 

It  is  110  ft.  3  ins.  long  by  47  ft.  wide  and  has  an  available  depth  of  14  ft  Its 
total  capacity  is  534,000  gals,  and  in  order  to  make  the  entire  storage  available.  " 

the  inlet  to  the  discharge  pipe  is  placed  in  a  sump  4  ft.  by  3  ft.  deep.  When 
the  plant  is  operated  at  full  capacity  the  i>eriod  of  storage  available  in  the 
<dear  well  is  3.5  hours,  and  the  elevation  of  high  water  in  the  clear  well  is  such 
that  there  is  a  minimum  available  head  of  9  ft.  on  the  filters. 

Filtered  water  is  conveyed  from  the  clear  well  to  the  present  pumping  sta- 
tion through  a  20-in.  cast  iron  suction  line,  approximately  470  ft.  long,  con- 
structed at  large  expense,  because  the  trench  is  for  a  considerable  distance 
over  20  ft.  deep. 

In  order  to  furnish  the  required  quantity  of  wash  water,  there  is  provided  a 
60.000-gal.  steel  tank  and  tower  supplied  by  a  2-in.  connection  to  a  4-in  main 
of  the  distribution  system.  The  bottom  of  the  tank  is  18,4  ft.  above  the 
gutters  in  the  filters.  The  tank  is  of  the  so-called  "railroad"  type  with  an 
elliptical  bottom  and  a  4-in.  riser  pipe.  In  order  to  maintain  a  constant 
depth  of  water  in  the  tank  and  to  prevent  its  overflow,  an  automatic  altitude- 
controlling  valve  is  provided  in  the  2-in.  supply  line. 

Cost  of  Construction  of  Purification  Plant. — The  contract  for  the  filter  plant 
was  awarded  in  July,  1912.  In  the  following  table  are  shown  the  costs  of  the 
■everal  items  comprising  the  work: 


'NSTRUCTION  COST 

'  an  S-lD-motor-driTeii centrifugal  pump. 
I  &  rated  diBcbai^  of  ISOO  gal.  per  mln- 
jiected  Into  one  end  of  tbe  wash-water 
d  discharges  Into  the  waah-water  taok, 
gutter  wdrs  in  the  flitera, 
l.OOOgaLq.  ot  Btorage  capacity  is  about 
)  gal.  of  eetimaled  opetating  capacity. 
ire  included  many  valves  lor  the  "  Out- 
mls,  but  "Outside  pipe  lines "  Include 
wo  Items  tend  to  otfaet  each  other.  On 
le  nileis,  filter  house,  electrteal  equip- 
1,000,000  gals. 


u  aHd  Dsaim  Wau. 


17 

,M7 

80 

010  and  the  Slter  constructed  complete 
mcrete  work  was  continued  throughout 
en  made  for  the  heating  of  all  sand  and 

f  Great  Palli,  Mont. — The  plant,  de- 
ontracting,  Jan.  9, 1918,  from  which  (he 
chamber,  settling  bosms  and  mechan- 
is  12.000.000  gals,  per  day  and  thecoet 

0  per  million  gals,  per  day  of  capacity. 

1  and  softening  plant,  the  lowservlco 
ig  and  supervision. 

I.  per  day  the  time  ot  treatment  Is  aa 


i,eeo  ft.  t 

465  ft.  ( 


30  1)1 


1  for  settling  result  In  an  exceptloikally 
9  and  allows  ot  a  saviog  in  cbemlcala 
tbe  Increased  cost.  Other  savings  duo 
je,  DO  lime  ia  required  for  pracipftaUw) 
tbe  water  ia  excsptUitially  cleao  when 
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It  paaaes  onto  the  sand  beds  leaa  frequeat  washingB  ore  required  to  keep  the 


The  flltsisarearrangedineiKhtuUlUot  1,500,000  gale,  capacity  each.  The 
entire  plant  la  housed  In  a  relnlorced  coocrete  glrurture  with  brick  walls 
above  floor  level.  All  of  the  chemicals  are  fed  by  diy  feed  machines  which 
are  legulated  to  teed  the  chemicals  In  proportion  to  the  water  pumped. 


Flo.  6. — General  plan  of  waUr  puriGcstion  works  at  Colunibua,  Ohio. 

Some  Costa  of  the  Water  PuriOcation  Works  at  Colambiis,  Ohio. — The 
foUowlni;  data  are  given  la  Engineering  and  Contracting.  Feb.  fi,  iglQ,  and 
Me  from  a  paper  by  John  H.  Oregory  In  Pioc.  Am.  Soc.  ot  C,  E,.  Vol.XXXVI, 

The  piuDping  station  and  purification  works  are  designed  for  eitensinn  to 
aa  ultimate  net  normal  capacity  ot  40,000,000  gals,  per  24  hours.  At  present 
t)ie  pumping  station  has  a  net  normal  capacity  of  20,000,000  gala,  per  24 
hours,  but  the  building  is  of  sufficient  size  for  equipment  having  the  ultimate 
net  normal  capacity.  The  purification  works  at  present  have  a  net  normal 
c^iaclty  of  30,000,000  gals,  per  24  houis.  but  have  been  arranged  so  that 
y  readUy  be  made. 


456  HANDBOOK  OF  CONSTRUCTION  COST 

Fig.  5  is  a  general  plan  of  the  works.  All  building  walls  are  of  brick  covered 
with  red  pressed  brick ;  floors,  stairways,  etc. ,  are  of  reinforced  concrete.  Roof 
trusses  are  steel,  the  covering  being  of  slate  laid  on  3-in.  hollow  terra  cotta 
block. 

In  the  construction  of  the  work,  concrete,  both  plain  and  reinforced,  was 
used  extensively,  the  total  quantity  in  the  pumping  station,  purification  works 
and  adjacent  structures  amounting  to  39,560  cu.  yds.  The  average  price  paid 
for  the  above  amount  was  $7.27  per  cu.  yd.  The  relative  volumes  of  cement, 
sand  and  ballast  in  each  mixture  of  concrete,  and  the  corresponding  character 
of  work  In  which  the  mixture  was  used,  were  as  follows: 

1:2:4. — Water-tables,  belt-courses,  window-sills,  lintels,  etc.;  filter,  Bolution 
dissolving,  and  wash- water  tanks;  reinforced  floors,  roofs,  stairways,  and 
steps. 

1:  2yi'.hyi. — Columns  in  buildings  and  piers  of  wash- water  tank;  filtered- water 
reservoirs,  lime  saturators,  mixing  tanks,  and  substructure  of  hoftd-house; 
settling  basins,  except  lateral  dividing  and  baffle  walls;  walls  in  general, 
conduits,  and  miscellaneous  small  structures. 

1:3:  7. — ^Lateral  dividing  and  baffle  walls  of  settling  basins;  footings,  and  founda- 
tions for  machinery  and  chimney. 

The  filter  gallery  is  in  the  wing  of  the  main  building  east  of  the  hecul-house. 
with  the  filter  tanks  ranged  on  either  side  of  the  gallery  and  supported  on  the 
roof  of  the  filtered-water  reservoirs.  Between  the  filters  there  is  a  reinforced 
concrete  operating  floor,  below  which,  and  between  the  walls  of  the  filtered- 
water  reservoirs,  is  the  pipe  gallery. 

The  present  installation  includes  ten  filters,  each  having  a  normal  capacity 
of  3,000,000  gals,  per  24  hours.  The  filter  tanks  are  of  concrete  heavily 
reinforced,  each  being  constructed  as  a  monolith.  Their  inside  dimensions  are 
26  ft.  2  ins.  wide,  46  ft.  8  ins.  long,  8  ft.  lOH  iiis.  deep  at  the  center.  Each  has 
a  net  filtering  area  of  1,088.9  sq.  ft.,  or  0.025  acre.  The  filters  are  designed  on 
the  basis  of  a  normal  rate  of  filtration  of  2  gals,  per  sq.  ft.  per  min.,  but  can  be 
operated  at  a  rate  50  {ler  cent  greater  than  the  normal,  if  desired.  The  filter- 
ing material  consists  of  2  ft.  6  ins.  of  selected  sand  upon  10-ins.  of  gravel  graded 
from  He  to  1-in.  the  finer  material  being  at  the  top. 

The  purification  works  were  placed  under  contract  in  June,  1905.  the  ma- 
chinery and  equipment  for  the  pumping  station  in  September,  1905,  the 
pumping  station  and  connection  in  July,  1906,  and  the  force  mains  connecting 
with  the  city  in  October,  1907.  Raw  water  was  first  pumped  to  the  purifica- 
tion works  on  July  2,  1908,  and  on  Aug.  17,  1908,  a  partial  supply  of  filtered 
water  was  begun. 

The  cost  of  the  entire  works  is  summarized  in  Table  V  and  unit  costs  are 

given  in  Table  VI. 

Table  V. — Summary  op  Cost 

Land $      48.410 

Work,  exclusive  of  pumping  station  and  water  purification  works. .  70 ,  400 

Pumping  station 399,240 

Water  purification  works 532 .  480 

Total  cost  of  works,  exclusive  of  connections  to  city  and  exclusive 

of  engineering $1 .056. 620 

Connections  to  city 181 .000 

Total  cost  exclusive  of  engineering SI  ,237.620 

Engineering* 95,050 

Total  cost $1 .333,570 

*  The  cost  of  engineering  work,  was  $95,950,  divided  as  follows :  Payroll, 
$84,340;  supplies,  $6,120;  expenses,  $5,490,  amounting  to  7.75  per  cent  of  the  ooet. 


WATER-TREATMENT  PLANTS 


Table  VI.— Dhit  Co* 


t  Mun  biiildinAAp  wft 
S«ttlia£  baaina,  per  1, 


Xddos^h". 

per  1,000,000  (sla. 

UokB.  per  1.000,000  (Hie. .. . 


F  Main  Fbaiubu 

or  WoBi 

.  C»p.city 

TotiJ 
coat 

Unit 

1,273.300  n..rt. 

»12B,490 

t  0,  101 

...ssjsa"- 

40,070 

iSiSSg 

1,270.000  gal*. 

24,*10 

3,620 

10,000,000  call. 

98,300 

S,S30 

Lim»«atimtoT  houee . . 
Storace  home 


WHh-wat«r  tanli,  (Hpe. 
Bumliee  tot  ppelinunarj 
Eipenaes  unclasgifitd  . 


d  laboratory  Bnd  filter  gallray. 


CDmpaiil.ti«e  Cog 


of  Caostnu 


■Dd  Coll 


.   tfi32,480  tIT,7(« 


PUntB. — In  lbs  dlscuBBion  of  the  paper  presented  by  John  H,  Oregory  (data 
troni  which  are  glveii  in  the  preceding  article]  J,  W,  Ellms.  Siipl.  CIdcIiuibU 
FlltiatlOQ  FlftQl  preseata  tbe  following  atateraenl  \a  Proc.  A.  S.  C.  E.,  Vol. 
XXXVI  aOlOlandrepnntedlnEDgliieerliuEBDdCoatractiiie,  Mar.30. 1010. 
Table  VII  shows  the  costs  of  constriictloii  of  the   Cincinnati  Qllration 

TABI.»  VII.— T0T*L  AMD  tiNlI  COSTS  OP  MaIK    TsaIUHM  of  WoM    DoBB  IK 

(Capacity  at  Plant:  112,000,000  Cab.  in  24  Haurs) 

CMt  per  milUan 


gaUo.ni 


Preparation  of  ffrounds  - . 

Pipe  Unee   "■"• --•" 

head-hou 


"ffssr 


9   between   settling   i 


Coa^lulatton   banna,    ^t«'  houssa   anr 
^teri.  filter  house,  pipinff,  sand  and  gri 


between  filters 


144; 989; as 

,S-M 

SB2;il2:30 

5; 286! 71 

121 1362: 39 

285.20 

»1, 278,793.04 

111,417,80 

468  HANDBOOK  OF  CONSTRUCTION  COST 

At  Columbus,  the  unit  costs  per  million  gallons  of  capacity  in  24  hours  appear 
to  be  considerably  greater  for  the  settling  basins  and  mixing  tanks  combined, 
than  for  the  coagulation  basins  at  Cincinnati.  The  figures  for  the  Columbus 
tanks  and  basins  are  $7,100  per  million  gallons  of  capacity,  as  compared  with 
$2,722  at  Cincinnati.  In  a  general  way,  these  parts  of  the  two  plants  corre- 
spond; but  at  Columbus  more  elaborate  baffling  of  tanks  and  basins,  more 
divisions  of  the  flow  of  the  raw  and  treated  waters,  and  more  places  for  the 
primary  and  secondary  applications  of  chemical  solutions  were  needed  and 
provided  for,  than  were  required  at  Cincinnati.  The  greater  combined 
unit  costs  of  the  headhouse,  lime-saturator  house,  storage-house,  wash-water 
tank,  offices  and  laboratories  at  Columbus,  than  for  the  corresponding 
head-house,  chemical-house,  wash-water  tank,  offices,  and  laboratories  at 
Cincinnati,  are  similarly  explained  by  the  necessity  for  designing  a  plant  for 
softening,  as  well  as  for  clarifying  and  purifying  the  water.  The  combined 
unit  costs  for  the  items  noted  above  for  the  Columbus  plant  amount  to 
$3,7S4,  as  compared  with  $1,268  for  the  Cincinnati  plant. 

The  filters  and  piping  in  the  Cincinnati  plant  cost  more  per  miiUoa  gallons 
of  capacity  than  did  those  at  Columbus.  The  figures  for  Columbus,  which 
include  the  air-washing  equipment,  are  $3,540,  as  compared  with  $5,287  for 
Cincinnati.  However,  the  filtered-water  reservoir  at  Columbus  cost  more 
than  that  at  Cincinnati.  The  figures  for  the  Columbus  plant  are  $3,280  per 
million  gallons,  and  for  the  Cincinnati  plant,  $1,084.  At  the  latter  plant,  the 
clear-water  reservoii  is  a  separate  uncovered  reservoir,  while  at  Columbus,  it 
is  directly  under  the  filter  tanks,  which  latter  form  a  protecting  roof.  Vir- 
tually, no  great  difference  in  costs  exists,  if  the  cost  of  the  filters,  piping,  and 
clear-water  reservoir  of  each  plant  be  combined  and  then  compared. 

The  cost  per  million  gallons  of  capacity  for  the  whole  purification  pluit  at 
Columbus  is  stated  to  be  $17,750,  which  amount  does  not  include  engineering; 
the  corresponding  figure  for  the  Cincinnati  plant,  as  shown  above,  is  $11,418. 
and  this  also  excludes  the  cost  of  engineering.  The  difference  of  more  than 
$6,000  per  million  gallons  capacity  is  doubtless  due  to  the  additional  require- 
ment demanded  by  the  local  conditions  at  Columbus,  that  is,  for  the  softening 
of  a  very  hard  water,  and  one  which  is  at  times  subject  to  rapid  fluctuations 
in  its  physical  characteristics. 

Costs  of  Slow  Sand  Water  Filtration  Plant  at  Toronto,  Ont. — The  following 
data  are  taken  from  an  abstract  published  in  Engineering  and  Contracting, 
Nov.  19,  1913,  of  a  paper  by  Francis  F.  Longley  before  the  Canadian  Society 
of  Civil  Engineers. 

The  flltration  plant  with  a  daUy  capacity  of  40,000,000  Imp.  gals.,  consists 
of  the  pumping  station  and  equipment,  12  filters,  each  117  ft.  by  312  ft. 
arranged  symmetrically  on  either  side  of  the  regulating  equipment,  sand 
bins,  etc.,  and  a  pure  water  reservoir  312  ft.  square  with  a  capacity  of  7,575.000 
Imp.  gals.  . .  . 

The  filters  are  built  of  concrete  with  inverted  groined  arch  floor  and  grcdned 
arch  roof.  The  rate  of  filtration  assumed  in  the  design  of  the  plant  iKras 
6,000,000  U.  S.  gals,  per  acre  per  day  which  with  the  relatively  dear  water  of 
Lake  Ontario  is  justified  by  experience  as  being  fair,  although  much  higher 
than  that  ordinarily  used. 

Most  of  the  filter  and  reservoir  excavation  was  made  by  means  of  slip 
scrapers  and  wheel  scrapers  and  moved  direct  to  the  spoil  banks.  A  con- 
siderable part,  however,  was  dumped  from  the  scrapers  through  a  trap  into 
cars,  and  these  cars  were  hauled  across  the  site  and  dumped  for  fill  on  top  of  tiie 
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finished  filter  masonry.  The  fill  on  top  of  the  filters  was  finished  with  6  ins. 
of  clay,  the  slopes  sodded,  and  the  tops  and  other  unsodded  portions  grass 
seeded. 

Sand  and  gravel  were  obtained  in  large  part  on  or  near  the  site,  the  work 
being  on  an  island  only  a  few  hundred  feet  from  Lal^e  Ontario. 

The  equipment  for  cleaning  the  filters  and  recovering  and  replacing  the 
sand  consists  in  general  of  the  following  parts:  A  piping  system  to  carry 
water  imder  pressure  into  the  filters  and  to  the  sand  washers,  and  to* carry 
the  slush  of  sand  and  water  in  the  ejecting  and  washing  processes  from  the 
filters  to  the  washers  and  from  the  washers  to  the  sand  bins;  centrifugal 
pumps  in  duplicate  in  the  pumping  station  for  supplying  water  for  this  pur- 
pose; movable  ejectors  of  suitable  design  for  ejecting  the  dirty  sand  from  the 
filters;  the  sand  washers  in  the  court;  the  sand  bins  for  the  storage  of  clean 
sand,  and  the  appliances  for  replacing  sand  in  the  filters. 

The  sand  storage  bins  are  four  circular  tanks  of  reinforced  concrete,  the 
bottom  of  each  being  in  the  shape  of  an  inverted  cone.  Each  of  these  tanks 
has  a  diameter  of  34  ft.,  a  depth  of  16>^  ft.  above  the  base  of  the  cone  and  a 
capacity  of  about  600  cu.  yds.  The  conical  bottoms  of  the  bins  were  placed 
first  and  included  complete  arrangements  of  piping  and  perforated  brass  plates 
and  screens  for  the  prompt  draining  of  the  water  from  the  sand. 

Cost  of  the  Works. — Soon  after  July  1,  1912,  an  analysis  of  all  eicpenditures 
on  this  work  was  made  from  the  figures  given  in  the  accountant's  books.  For 
all  work  still  to  be  done  at  that  date,  as  accurate  an  estimate  as  possible  was 
made  of  the  cost,  and  the  approximate  total  cost  of  the  work  made  up  on  that 
basis. 

Analysis  of  Cost  op  Toronto  Filtration  Plant 

Filters  and  Appurtenances — 

Drainage  during  construction $  18,628. 00 

Excavation,  90,367  cu.  yds.  at  21  cte 18,977. 07 

Excavation,  2,897  cu.  yds.  at  63  cts 1,825. 11 

General  fill,  75,517  cu.  yds.  at  22  cte 16,613.  74 

Clay  fill,  10,185  cu.  yds.  at  $1.50 15,277.60 

Sodding,  4,920  sq.  yds.  at  25  cts 1 ,230. 00 

C^oncretc 

Floors  and  walls,  17,641.4  cu.  yds.  at  $6.35 $112,030. 75 

Piers,  vaulting,  13,209. 4  cu.  yds.  at  $8.80 116,247. 12 

C.  I.  manholes  and  covers  in  place 9,865. 00 

Steel  reinforcing 2,722. 24 

Filter  roof  drainage 836. 00 

FUter  masonry  complete 241 ,  701. 1 1 

Concrete  pipe  system 21 , 942.  28 

72-in.  Venturi  meter,  main  supply 2 ,  133. 84 

Filter  gravel.  11,436  cu.  yds.  at  $1.60 17, 154. 00 

FUter  sand,  56.707  cu.  yds.  at  $1.10 62,377.  70 

4  sand  storage  bins 9,363. 36 

7  sand  washers 2,268. 05 

Sand  washer  pipe  system. ; 16,609. 41 

Sand  ejectors,  nose,  etc 566. 41 

Cast  iron  pipe  lines 19,600. 18 

Filter  metCTs,  gages,  etc 6 , 750. 63 

Exterior  drainage  system,  vitrified  pipe 2 ,  555. 29 

Surface  drainage  system 500. 00 

Electric  duct  system  in  court. 1 , 398. 96 

Electric  lighting,  outside 300. 00 

Electric  Hgbting,  in  filters 700. 00 

Tile  underdrains  in  filters 6,090. 00 

Concrete  sidewalks 1.250. 00 

2  regulaU^  houses,  complete 8, 564. 82 

7  entrance  houses,  complete 7 ,  670. 39 
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Office  and  laboratory  building 12,420. 66 

Office  and  laboratory  equipment 3,063. 85 

Castings  for  additional  72-in.  Venturi  meter 386. 00 

Manhole  extensions  on  6  ft.  steel  pipe 563. 25 

Items  properly  chargeable  to  maintenance  prior  to  Jan.  1,  1012 10,251. 31 

Miscellaneous 17, 175. 58 

Total  cost  of  12  filters $545,907.  50 

PurjB  Water  Reservoir — 

Drainage  during  construction. 4,000. 00 

Excavation,  21,500  cu.  yds.  at  21  cts 4,515. 00 

Fill,  17,000  cu.  yds.  at  22  cts 3,740. 00 

Fill,  8,323  cu.  yds.  at  30  cts 2,496. 90 

Clay  fill,  2,346  cu.  yds.  at  $1.50 3,619. 00 

Sodding,  1,062  cu.  yds.  at  25  cts 265. 60 

Entrance  houses 1,261. 90 

Concrete — 

Floors  and  walls,  4,040.8  cu.  yds.  at  $6.23 $  25,650. 00 

Piers  and  vaulting,  2.832.5  cu.  yds.  at  $8.80 24 ,  920. 00 

Cast  iron  manholes,  in  place 617. 60 

Steel  reinforcing 46. 36 

Outlet  to  72-in.  steel  pipe 815.  63 

Reservoir  masonry  complete 52,049.  59 

Miscellaneous 774. 11 

Total  cost  6f  pure  water  reservoir $  72 .  622 .  00 

0 

Pumping  Station — 
Building,  including  structure $  24 ,  626. 12 

Machinery — 

3  screw  pumps  (8  ft.  lift) $    9,946. 90 

48-in.  steam  pump  (tandem  compound  Corliss) 9,290. 32 

2  sand  washer  pumps  (8-in.  centrifugal) 5,234. 00 

1  drainage  pump  (12-in.  centrifugal) 1,676. 00 

2  boilers  (100  hp  fire  tube) 2,911. 69 

Priming  pump,  complete 595,00 

Crane 1,110.00 

2  Venturi  meter  registers 894.  (X) 

Total  machinery 31,666. 91 

Coal  bin  (52  X  39  X  10  ft.  deep) 3,402.  93 

Chimney 1,687.28 

Gate  valves  and  sluice  gates 4,932. 11 

Cast  iron  pipes  and  specials 2 ,  729.  96 

Steam  piping,   electric  conduit  work,  Island  supply  and  miscella- 
neous  ! 17, 148.  57 

Checker  plates,  in  place 600.  CO 

Coal  during  construction 4 ,  237.  82 

$  90,920.70 
Engineering  and  Inspection — 

General  plans,  specifications  and  supervision $  29,660.  OO 

Construction,  office  force 26, 810.  OO 

Inspection 15 ,609.  OO 

$  72.069.00 

Summary — 

12  filters,  complete $645,907.  60 

Pure  water  reservoir,  complete 72 ,  622.  OO 

Pumping  station  and  equipment 90,920.  70 

Engineering  and  inspection 72,060.  OO 

Total  cost  of  work $781 ,610.  20 

Approximately  $14,600  of  the  above  amount  is  fairly  chargeable  to  improve- 
ments  in  the  Island  Supply,  for  which  no  special  funds  were  provided. 
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Ai>proximately  $10,250  is  fairly  chargeable  to  maintenaiice,  prior  to  Jan.  1. 

1912,  during  wMcli  time  there  was  no  special  fund  for  that  purpose.  I 

I 

Percentage  for  engineering  and  inspection 10. 2  I 

Cost  per  acre  for  filters $58,000 

Cost  per  1,000,000  gals,  for  reservoir 9,700  . 

The  total  expenditures  and  outstanding  accounts,  as  shown  by  the  ac- 
countant's books  about  Dec.  1,  1912,  amounted  to  approximately  $783,400. 
Practically  all  construction  work  was  at  that  time  completed,  and  it  is  appar-  i 

»it,  therefore,  that  the  analysis  given  above  was  reasonably  complete  and  I 

accurate,  and  show  satisfactorily  the  relative  costs  of  the  different  parts  of  | 

the  work.  ' 

Constniction  and  Operating  Costs  of  Filters  of  the  Pressiire  Tjrpe  at  New 
Canaan,  Conn. — The  following  matter  taken  from  an  abstract,  of  a  paper  by 
Kenneth  W.  Leighton  before  the  1914  annual  meeting  of  the  Connecticut  j 

Society  of  Civil  Engineers,  was  published  in  Engineering  and  Contracting, 
Aug.  5,  1914. 

Excavation  for  the  foundation  of  the  building  was  started  May  13,  1913, 
and  water  was  turned  through  the  filters  on  July  1, 1913.     The  filter  plant  was  ! 

located  so  that  the  line  of  the  old  12-in.  supply  main  came  about  2  ft.  inside 
of  the  east  wall  of  the  building.  About  80  ft.  of  this  old  supply  main  had  to 
be  taken  up  in  order  to  insert  the  Venturi  meter  and  branches  for  the  filters. 
As  this  12-in.  main  forms  the  only  supply  for  the  town,  a  temporary  6-in.  pipe 
was  tapped  in  below  the  filter  plant  and  run  to  a  notch  cut  in  the  concrete 
spillway  of  the  dam. 

The  filter  plant  proper  consists  of  four  filters,  each  capable  of  filtering 
250,000  gals,  in  24  hours.  This  amount  is  based  on  2  gals,  per  minute  per 
square  foot  of  horizontal  filtering  area.  This  arrangement  provides  sufficient 
filtered  water  for  washing  one  filter  while  the  other  three  are  in  use.  and  also 
allows  for  f ut  ore  growth  in  consumption.  The  consumption  for  short  periods 
has  run  as  Idgh  as  600,000  gals,  per  24  hours. 

The  filters  are  of  the  Continental  Jew^  type  and  consist  of  steel  tanks 
10  ft.  in  diameter  and  about  7  ft.  high  with  convex  tops  and  bottoms.  Just 
above  the  convex  portion  of  the  bottom  are  placed  a  series  of  bronze  strainers, 
about  200  in  number.  The  slits  in  these  strainers  are  so  small  that  the  sand 
or  gravel  cannot  get  through  them.  The  bottom  of  the  tank  is  concreted 
in  up  to  the  strainers.  Above  the  strainers  is  a  9-in.  layer  of  gravel  K  to  H 
in.  in  size.  Above  the  gravel  is  a  30-in.  layer  of  sand.  From  the  top  of  the 
sand  to  the  top  of  the  tank  there  is  just  room  for  a  man  to  get  in  and  move 
around  uncomfortably.     A  section  of  one  unit  is  shown  in  Fig.  6.  f 

Beiore  the  water  reaches  the  filters  some  of  it  is  forced  by  a  back  pressure 
viUve  through  either  one  of  two  tanks,  each  containing  about  100  lbs.  of  alum. 
A  certain  amount  of  the  alum  is  dissolved  and  carried  back  into  the  supply 
main.  The  alum  unites  with  a  portion  of  the  alkali  in  the  water,  forming  a 
flaky  precipitate  of  aliuninum  hydroxide  which  serves  to  entangle  small 
particles  and  coloring  matter  and  to  make  a  coating  on  top  of  the  sand. 
One  grain  of  aliun  per  gallon  will  use  up  about  eight  parts  of  alkalinity  per  [ 

milUon.  so  that  if  the  water  is  deficient  in  alkalinity  some  alkali,  such  as 
sodium  carbonate,  would  have  to  be  added. 

In  seven  months  there  has  been  used  4H  tons  of  alum,  and  47,596,000  gals. 
of  wat^  have  been  filtered,  making  l^o  grains  of  alum  per  gallon  of  water. 
It  is  very  likely  that  this  can  be  reduced  somewhat  before  long. 
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The  water,  on  entering  at  the  top  of  the  filter  unit,  is  deflected  by  a  ba£9e 
plate,  thus  spreading  it  evenly  over  the  top  of  the  bed.  in  going  through  the 
filters,  there  is  a  loss  in  pressure  of  from  2  to  4  lbs.  When  it  reaches  the  latter 
figure  it  is  time  to  wash.  The  filters  are  washed  at  least  once  a  day,  even  if 
the  loss  in  pressure  does  not  reach  4  lbs.  The  filters  are  of  the  sectional  wash 
type  and  only  one- third  of  a  imit  is  washed  at  a.  time.  This  gives  greater 
pressure  and  tends  to  keep  the  water  from  burrowing  through  the  filtering 
material.  The  washing  is  done  by  reversing  the  fiow  of  water.  The  washing 
of  a  imit  takes  about  15  minutes,  unless  the  bed  is  exceptionally  dirty. 

When  the  reservoir  is  low  the  filters  are  washed  by  using  the  10,000-gal. 
dear  water  tank  and  the  pump.  The  pump  is  a  5-in>  suction,  5-in.  discharge, 
Kingsford  centrifugal  pump  coupled  to  a  10-h.p  Westinghouse  induction 
motor.  The  clear  water  tank  holds  enough  to  wash  approximately  two  filter 
units.  The  water  used  for  washing  is  about  5  per  cent  of  the  total  water 
consumed  during  24  hours.  After  passing  through  the  filters,  the  water  is 
measured  by  a  Venturi  meter,  which  records  the  rate  of  flow  every  10  minutes 
and  the  total  amount  in  gallons. 


FiQ.  6. — Section  of  filter  unit,  pressure  filters,  New  Canaan,  Conn. 


The  building  is  heated  by  an  ordiimry  round  station  stove  with  about  a 
20-in.  fire  pot,  and  will  bum  about  5  tons  of  coal  during  the  winter. 

The  efficiency  of  the  plant  is  indicated  by  the  comparative  analyses  of  the 
raw  water  in  past  years  and  of  the  filtered  water  at  the  present.  An  examina- 
tion of  the  raw  water  analyses  made  at  monthly  intervals  from  December, 
1911,  to  June.  1913,  shows  that  the  color  ranged  from  28  to  96  parts  per 
million,  the  turbidity  from  1  p.  p.  fii.  to  60  p.  p.  m.  and  the  alkalinity  from 
7  p.  p.  m.  to  25  p.  p.  m.  During  the  same  period  the  odor  has  been' char- 
acterized as  grassy,  faint,  faint  peaty,  or  distinct  peaty,  and  the  color  of  the 
sediment  has  been  termed  slight  brown,  slight  gray  or  dark  brown.  Thelaat 
analysis  of  the  filtered  water  by  the  State  Board  of  Health  is  as  follows: 
Color,  0;  turbidity,  0;  nitrates,  0;  free  ammonia,  0;  odor,  0;  sediment,  O; 
chlorine,  only  0.1  above  normal;  hardness,  32.68  (less  than  60  is  consldei^d 
soft  water) ;  bacteria;  175  per  c.c.  no  suspicious  ones. 

Construction  and  Operation  Coat  Data. — ^The  following  tabulation  gives  the 
approximate  cost  of  the  filter  plant,  the  estimated  cost  of  operatini^  for  a 
month,  and  the  cost  per  1,000,000  gals,  of  water: 
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Cost  of  filter  plant: 

Building $  6,000.00 

Filters 12,500.00 

Venturi-meter 600. 00 

Miscellaneous 1 ,900. 00 

$21,000.00 
Cost  of  operating  per  month: 

Attendants*  salary S  65. 00 

Power  (minimum  charge) 10. 00 

Light .50 

Telephone 4.  50 

Compensation  insurance ^ 1 .  00 

Coal 3.30 

Alum 27. 00 

Miscellaneous 2. 00 

Depreciation: 

Machinery,  10  per  cent   125. 00 

Building,  2  per  cent 10. 00 

Interest  on  investment  at  6  per  cent 105. 00 

$       353. 30 
Amount  of  water  filtered  per  month  equals  7,000,000  gals. 
Cost  per  1,000.000  gals,  of  water  filtered,  $50.43. 

It  should  be  noted  that  more  water  could  be  filtered,  if  the  occasion  de- 
manded, without  increasing  the  present  cost  materially. 

Labor  Costs  of  Constructing  Filtration  Plant  at  Minneapolis,  Minn. — In 
Engineering  and  Contracting,  June  11,  1913,  June  25,  1913  and  Nov.  5,  1913, 
W!  N.  Jones  gives  in  g^reat  detail  the  design  and  methods  and  costs  of  con- 
structing the  39,000,000  gal.  mechanical  i^ater  filtration  plant  at  Minneapolis, 
from  which  the  following  matter  is  abstracted. 

Bering  and  Fuller  were  commissioned  to  draw  up  the  plans  and  specifica- 
tions for  the  work  in  March,  1910  and  after  caieful  study  of  the  old  works, 
which  consisted  of  a  first-class  pumping  station,  three  miles  of  50-in.  steel 
force  mains,  and  two  settling  or  service  reservoirs  of  a  capacity  of  47,000,000 
gals,  each,  it  was  decided  to  use  the  old  reservoirs  as  a  part  of  the  new  plant. 

The  new  plant  contemplated  the  severing  of  one  of  the  old  reservoirs  with 
a  groined  arch  roof  to  be  used  as  a  clear  water  basin,  the  raising  of  the  embank- 
ments of  the  other  reservoir  10  ft.,  in  order  to  maintain  the  elevation  of  the 
water  in  the  clear  water  basin  at  the  old  level  and  provide  a  working  head 
for  the  operation  of  the  filters,  also  a  mixing  chamber,  two  coagulation  basins, 
a  headhouse,  12  mechanical  filter  units,  with  an  auxiUary  clear  water  basin 
underneath,  and  wash  water  tank  of  135,000  gals,  capacity. 

The  old  reservoirs,  which  were  buUt  in  1896,  were  rectangular  in  shape,  each 
877  ft.  6  ins.  long  by  413  ft.  6  ins.  wide,  c.  to  c.  of  curbing,  with  a  1  on  2 
slope  inside. 

Fig.  7  gives  the  general  layout  of  the  plant  and  shows  the  principal  dimen- 
sioDs  of  the  units. 

The  building  of  the  filter  plant  was  the  largest  single  piece  of  work  ever 
attempted  by  the  City  of  Minneapolis  under  the  "day  labor  system  "and 
ensployed  the  greatest  variety  of  labor,  both  skilled  and  unskilled  of  any  job 
under  the  jurisdiction  of  the  Engineering  Department.  All  the  labor  had  to 
be  trained  in  filter  work,  as  none  had  ever  worked  on  a  like  job  before.  The 
conditions  under  which  the  work  was  done  were  far  from  being  the  best. 
More  or  leas  patronage  was  attempted  by  some  of  the  aldermen^  causing  some 
friction  betwe^i  them  and  the  constructing  department.  This  patronage 
became  less  as  the  work  progressed,  as  it  was  soon  recognized  that  unless  a 
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man  did  his  work  well  there  was  no  place  at  the  filter  plant  for  him,  no  matter 
who  his  friends  might  be. 

Rainy  weather  and  the  extreme  cold  of  the  winters  delayed  the  work 
materisJly,  as  it  was^  almost  impossible  to  work  to  advantage  in  either.  A 
large  amount  of  work,  however,  was  done  at  times  when  it  would  have  meant 
a  saving  in  the  cost  had  one  waited  for  more  favorable  weather.  Especiidly 
was  this  true  of  the  earth  and  concrete  work,  some  of  which  was  done  under 
very  trying  conditions. 

The  amount  of  constructing  machinery  used  on  the  job  was  very  meager, 
amounting  to  almost  a  famine  in  this  line.    It  caused  many  things  to  be 
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Fig.  7. — General  layout  plan  of  Minneapolis  water  filtration  plant. 


handled  by  hand  that  really  required  machinery  for  its  economical  handling, 
thus  increasing  the  cost  unnecessarily. 

The  quality  of  the  work  turned  out  by  the  force  account  system  has  been 
very  good.  Every  man  was  warned  not  to  place,  knowingly,  a  defective  piece 
of  material  of  any  kind  in  his  work,  and  whenever  he  discovered  anything  that 
did  not  appear  first  class  to  report  it  to  his  superiors.  Quality  was  always 
placed  first,  and  quantity  turned  out  next.  It  is  safe  to  say  that  the  quality 
of  the  work  is  much  better  than  it  would  have  been  had  the  job  been  done  by 
contract,  and  there  is  no  reason  to  believe  that  the  cost  or  the  time  of  com* 
pletion  would  have  heesa  any  less. 
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Wages  Paid  on  Constbuction  Wobk  at  thb  Minnbapous  Filtbr  Plant 

1911.         1912. 
Occupation  Per  mo.     Per  mo. 

Asaifitant  superintendent $125.  00    $125. 00 

Chauffeur 65. 00         65. 00 

Per  day     Per  day 

Foreman $    5. 00    $    4. 60 

Assistant  foreman 3.  50  3. 75 

Sub-foreman 3. 00  8. 00 

Timekeeper 4. 50  4. 50 

Clerk 3.00  3.00 

Rodman 2.75     

Brick  foreman 7. 00 

Bricklayers 5.20  5.20 

Structural  steel  foreman 5.  60 

Structural  steel  workers 4.  50 

Steamfitters'  foreman 5.  00  5.  00 

Steamfitters 4.50  4.50 

Plumbers 4.  50 

Roofers 4.  00 

Plasterov 6.  60 

Mcn^ar  mixers 3-3.  26 

Stonemason 4. 40  4. 40 

Machinist 4.  00 

Blacksmith 3.00  3.00 

Electrician 4.  00 

Steam  engineer 4.  00  4.  00 

Gasoline  engineer 3.  60 

Concrete  finishers 2.  60 

Sheet  metal  workers 4. 80 

Painters 3.60 

Carpenters 4.00  4.00 

Non-union  carpenters 3.  00  3.  00 

Erecting  engineer,  vacuum  system 5.  00 

Bricklayer  apprentice,  3rd  year 3.  60 

Steamfitter  helper 2. 40 

Water  boy 1.  25  1. 40 

Handyman 2.40  2.56 

Calkers 3.15 

Single  horse 3.00     

Teams 4. 72  5. 00 

Laborers 2.25  2.40 

The  following  are  labor  costs  for  work  done  on  this  filtration  for  1911  and 
1912. 

LABOB  COST  DATA  ON  8BTTLINQ  BASIN  IN   1912 

Earthwork. — Excavation:  321  cu.  yds.  of  earth  were  excavated  from 
trenches  by  hand  at  an  average  cost  of  78.4  cts.  per  cu.  yd.  This  cost  includes 
the  sheeting  and  staging.  Of  the  321  cu.  yds.  excavated  236  cu.  yds.  was  dry 
work,  shoveled  three  times,  40  cu.  yds.  was  wet  clay  handled  four  times,  and 
45  cu.  yds.  was  wet  day  handled  twice,  at  average  costs  of  80  cts.,  $1,  and 
40  cts.  per  cu.  yd.,  respectively.  Backfill:  747  cu.  yds.  were  backfilled  by  hand 
and  scraper  at  an  average  cost  of  34.7  cts.  per  cu.  yd.  The  ground  was  wet 
and  partly  frozen.  This  figure  includes  the  hauling  of  93  cu.  yds.  900  ft. 
Fill:  The  fill  of  10,773  cu.  yds.  was  well  sprinkled  and  rolled  in  layers  of  6  ins. 
with  a  14-ton  roller.    Average  cost,  49.8  cts.  per  cu.  yd. 

Puddle  Wall. — The  1,529  cu.  yds.  of  puddle  were  tamped  by  hand  in  IH 
to  2-in.  layers  at  an  average  cost  of  75.7  cts.  per  cu.  yd.  The  water  needed 
was  pumped  by  hand. 

Recovery  at  Crushed  Stone  and  Screening  Gravel. — All  crushed  stone  was 
screened  by  hand  to  remove  dirt.    In  all  77  cu.  yds.  of  stone  and  gravel  were 
screened  at  an  average  cost  of  $1.67  per  cu.  yd. 
30 
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Hauling  Crushed  Stone  and  Gravel. — The  crushed  stone  was  handled  by 
hand  and  hauled  in  common  dump  wagons.  172  cu.  yds.  were  hauled  an 
average  of  330  ft.  at  an  average  cost  of  39.9  cts. 

Concrete.— Concrete  was  laid  in  slabs  13.5  ft.  by  10  ft.  by  6  ins.  on  2  to  1 
slope.  142  cu.  yds.  were  laid'at  an  average  cost  of  $2. 12  per  cu.  yd.,  including 
the  1 :2  cement  finish  and  the  setting  and  removing  of  screeds. 

Laying  Crushed  Stone. — Crushed  stone  shoveled  down  slopes  and  spread 
by  hand.     1,134  cu.  yds.  were  placed  at  an  average  cost  of  35.2  cts.  per  cu.  yd. 

Laying  Tracks. — 745  ft.  of  24-in.  gage  track  in'  16-ft:  lengths  at  an  average 
cost  of  3.3  cts.  per  ft. 

Lasring  Sandstone. — The  sandstone  blocks  were  12  by  14  ins.  in  section  and 
from  2  to  6  ft.  long.  They  were  laid  on  edge.  In  all  11,690  sq.  ft.  were  laid 
at  an  average  cost  of  4.9  cts.  per  sq.  ft. 

Hauling  Sandstone. — 11,795  sq.  ft.  of  sandstone  was  loaded  by  hand  and 
hauled  on  a  stone  jigger  at  an  average  cost  of  4.4  cts.  per  sq.  ft. 

Pouring  Asphalt  Joints. — 805  lin.  ft.  of  asphalt  joints  were  heated  and 
poured  at  an  average  cost  of  7.1  cts.  per  ft. 

*Coping  Stone. — Hoisting:  The  coping  stone  were  hoisted  12  ft.  by  an  old 
pipe  laying  derrick  operated  by  hand  power.  10,548  sq.  ft.  of  this  stone  was 
hoisted  at  an  average  cost  of  2.8  cts.  per  sq.  ft.  The  coping  stones  are  4  X  12 
ins.  in  section  and  from  4  to  8  ft.  long.  Hauling:  The  stone  was  loaded  by 
hand  and  hauled  a  distance  of  750  ft.  on  a  stone  jigger.  The  average  cost 
for  2,750  sq.  ft.  so  hauled  was  4  cts.  per  sq.  ft.  Setting:  the<av^*age  cost  for 
setting  1 1,792  ft.  of  coping  stone  was  5  cts.  per  sq.  ft. 

Fencing. — Hauling:  2,207  lin.  ft.  of  fencing  was  hauled  650  ft.  on  common 
dump  wagons,  which  were  not  suitable  for  the  purpose,  at  an  average  cost  of  3 
cts.  per  lin.  ft.  Placing:  2,534  lin.  ft.  of  fencing  was  placed  at  an  average 
cost  of  16.3  cts.  per  lin.  ft.  This  includes  drilling  five  ^6-in.  X  3-in.  holes 
in  the  sandstone  coping  for  every  12  ft.  length  of  fence,  placing  all  bolts,  etc. 
Painting:  2,324  ft.  of  fencing  was  painted  at  an  average  cost  of  5.5  cts.  per  lin. 
ft.  This  is  for  one  coat  and  includes  cleaning  ofiF  all  rust.  Fence  consists  of 
3-in.  pipe  rail  and  4-in.  by  4-in.  ornamental  posts  12  feet  apart.  Bolted 
lug  midway  of  each  section. 

Crossover  Pipe. — Setting:  14.85  tons  of  42-in.  cast  iron  water  pipe  was  set 
at  an  average  cost  of  $4.49  per  ton.  This  includes  some  sheeting  and  the  use 
of  a  pipe  derrick.  Cutting:  The  42-in.  cast  ircm  pipe  was  cut  in  two  at  three 
sections  outside  the  trench,  by  two  men  using  cold  chisels  at  an  average  cost  of 
$1.50  per  cut.  The  pipe  was  cut  at  two  sections  after  the  main  was  in  place, 
in  soft  ground,  at  an  average  cost  of  $1 1.50  per  cut.  Calking:  12  joints  ia  the 
42-in.  cast  iron  water  pipe  were  calked  by  the  calkers  of  the  water  department 
at  an  average  cost,  including  yarning,  melting  lead,  pouring,  etc.,  of  $2.41  per 
joint.    This  pipe  inclines  22^  degrees  from  the  vertical. 

Making  Bolts. — 136  bolts  ^  X  4H  ix^-  were  made  at  an  average  cost  of 
5  cts.  each.  660  bolts  H  X  5  ins.  were  made  at  an  average  cost  of  4.3  cts. 
each.  These  figures  include  welding  on  heads  or  upsetting,  and  threading 
bolts  and  nuts. 

LABOR  COST  DATA   ON   CLEAR  WATER  BASIN  IN   1911 

Ground  and  Segmental  Arch  Forms. — Building:  25,Q64  sq.  ft.  of  these 
forms  were  built  at  an  average  cost  of  5.2  cts.  per  sq.  ft.,  including  oiling. 
Transporting:  367,832  sq.  ft.  of  these  forms  were  transported  a  distaiioe 
averaging  between  200  and  300  ft.  at  an  average  cost  of  0.6  cts.  per  sq.  tt. 
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This  cost  includes  hoisting  289,100  sq.  ft.  of  the  forms  through  a  height  of 
22  ft.  Setting :  346,73 1  sq.  ft .  of  these  forms  were  set  at  an  average  cost  of  1 .9 
cts.  per  sq.  ft.  This  includes  all  bracing,  repairs  and  reoiling.  Wrecking: 
334,214  sq.  ft.  of  these  forms  wem  wrecked  an  average  cost  of  1.7  cts.  per  sq. 
ft.  This  includes  the  wrecking  of  all  braces.  In  all  the  foregoing  square  feet 
of  formwork  refers  only  to  the  portion  exposed  to  concrete. 

Supporting  Posts. — Building:  108  supporting  posts  for  the  arch  forms  were 
built  at  an  average  cost  of  18  cts.  each.    This  includes  the  cost  of  transporting 
the  posts.    Setting:  3,524  posts  were  set  at  an  average  cost  of  46.7  cts.  each. 
This  includes  wrecking  the  posts  and  hauling  them.    The  cost  of  wrecking^ 
only  on  174  posts  averaged  2.9  cts.  each. 

Ccdumn  Forms. — Building:  3,330  sq.  ft.  of  forms  were  built  at  an  average 
cost  Qi  1.3  cts.  per  sq.  ft.  Transporting:  17,200  ft.  B.  M.  of  these  forms  was 
transported  about  800  ft.  at  an  average  cost  of  95  cts.  per  1,000  ft.  B.  M. 
Setting:  123.243  sq.  ft.  of  these  forms  were  set  at  an  average  cost  of  3  cts. 
per  sq.  ft.,  including  transporting  to  place  and  reoiling.  Placing  Clamps: 
16,029  clamps  were  placed  at  an  average  cost  of  5.7  cts.  each.  Wrecking: 
112,478  ft.  B.  M.  of  these  forms  were  wrecked  at  an  average  cost  of  $10.24 
per  1,000  ft.  B.  M.    This  includes  removal  of  clamps. 

Making  Clamps. — 4.807  clamps  were  made  at  an  average  cost  of  1.2  cts. 
each. 

Tearing  Up  Forms. — 101,930  ft.  B.  M.  of  forms  were  torn  up  at  an  average 
cost  of  $1.87  per  1,000  ft.  B.  M. 

Sawing  Wedges. — 1,880  wedges  were  sawed  at  an  average  cost  of  1  ct.  each. 

Recovery  of  Lumber. — 128,200  ft.  B.  M.  of  lumber  was  recovered  from  the 
torn  down  forms  at  an  average  cost  of  $4. 10  per  1,000  ft.  B.  M.  This  work  was 
the  pulling  of  old  nails,  removing  concrete  from  the  boards,  etc. 

42-in.  Conduit  Forms. — Making:  111  sq.  ft.  of  collapsible  forms  were  built 
at  a  cost  of  17.8  cts.  per  sq.  ft.  Setting:  7,779  sq.  ft.  of  42-in.  conduit  forms 
were  set  at  an  average  price  of  2H  cts.  per  sq.  ft.  This  included  oiling  and 
bracing. 

Setting  Forms  for  Pedestals. — 726  pedestal  forms  w6re  set  at  an  average 
cost  of  68M  cts.  These  forms  were  dropped  onto  the  pedestals  and  squared 
up  for  holding  up  the  column  forms. 

Concreting. — Conduit:  158  cu.  yds.  of  concrete  were  placed  in  the  42-in. 
conduit  at  an  average  cost  of  $1.58  per  cu.  yd.  This  included  placing  the  rein- 
forcing bars.  Columns  and  Groined  Arches:  10,933  cu.  yds.  of  concrete  were 
placed   at  an  average  cost  of  94  cts.  per  cu.  yd.     The  average  haul  was  650  ft. 

Holes  for  Pedestals. — Backfilling:  269  cu.  yds.  were  backfilled  at  an  average 
cost  of  59  cts.  per  cu.  yd.  Sealing  Up:  64  cu.  yds.  of  concrete  were  used  in 
sealing  up  holes  for  pedestals  at  an  average  cost  of  $3.22  per  cu.  yd.  This 
concrete  floor  was  6  ins.  thick  and  the  cost  given  covers  the  1 :2  cement  mortar 
finishing  coat. 

Tearing  Up  OW  Revetment. — 1,689  cu.  yds.  of  the  old  revetment  wall  were 
torn  up  and  hauled  away  at  an  average  cost  of  51  cts.  per  cu.  yd. 

Filling  on  Top  of  Basin. — ^36,949  cu.  yds.  were  filled  at  an  average  cost  of 
48.5  cts.  per  cu.  yd.  The  average  haul  was  1,200  ft.  Conmion  dump  wagons 
were  used.    All  earth  was  shoveled  by  hand. 

Tran8i)orting  Lumber. — 170,590  ft.  B.  M.  of  old  form  lumber  was 
transported  1,000  ft.  at  an  average  cost  of  $4  per  1,000  ft.  B.  M. 

The  tot^  classified  costs  of  this  work  on  the  clear  water  basin  are  given  in 
Chap.  VI.    Dams,  Reservoirs  and  Standpipes. 
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COST    DATA    ON    FILTERS    IN     1911 

Excavation. — 1,454  cu.  yds.  were  excavated  and  hauled  between  300  and 
350  ft.  with  scrapers  at  an  average  cost  of  26  cts.  per  cu.  yd.  600  cu.  yds.  were 
shoveled  into  dump  wagons  and  hauled  450  ft.  at  an  average  cost  of  38.7  cts. 
per  cu.  yd.  266  cu.  yds.  were  excavated  by  pick  and  shovel  for  the  36-in. 
drain  at  an  average  cost  of  69  cts.  per  cu.  yd. 

Mixing  and  Placing  Concrete. — This  includes  all  track,  trestle  and  runway 
building,  moving,  and  wrecking  same.  Track  24-in.  gage,  16-ft.  sections. 
Runways  10  ft.  X  16  ft.  of  2-in.  material.  Inverted  Arches:  855  cu.  yds.  of 
concrete  mixed  and  placed  at  average  cost  of  $1.21  per  cu.  yd.  Foundation 
Walls:  445  cu.  yds.  concrete,  average  cost  of  $1.42  per  cu.  yd.  Columns  and 
Groined  Arches:  1,423  cu.  yds.  of  concrete,  average  cost  of  47  cts.  per  cu.  yd. 
Filter  Boxes:  1,312  cu.  yds.  of  concrete,  average  cost  of  $1.47  per  cu.  yd. 
Sewer  and  Lateral  Gutters:  30  cu.  yds.  of  concrete  in  the  sewer  cost  on  an 
average  $1.39  per  cu.  yd.  55  cu.  yds.  of  concrete  in  the  lateral  gutters  cost  an 
average  of  $2.39  per  cu.  yd. 

Making  and  Setting  Forms. — ^Areas  given  below  are  for  contact  with  con- 
crete. Costs  given  include  all  necessary  supports,  braces,  scaffolds,  etc.  In- 
verted Groined  Arches:  6,110  sq.  ft.  of  forms  at  average  cost  of  3.7  cts.  per 
sq.  ft.  Foundation  Walls:  26,793  sq.  ft.  of  forms  at  average  cost  of  4.2  cts.  per 
sq.  ft.  Column  Forms :  4,628  sq.  f t .  of  column  forms  at  average  cost  of  3  H  cts. 
per  sq.  ft.  30  clamps  were  made  and  placed  at  an  average  cost  of  $1.19  each. 
and  458  colmnn  collars  were  made  and  set  at  an  average  cost  of  12  cts.  each. 
Groined  and  Barrel  Arches:  40,355  sq.  ft.  of  forms  at  an  average  cost  of  3.6 
cts.  per  sq.  ft.  Groined  Arch  Supports :  The  total  cost  of  the  groined  arch 
supports  was  $151 .94.  Among  other  items  94  posts  were  set  at  22  cts.  each,  360 
struts  at  2  cts.  each,  and  118  intermediate  posts  at  13  cts.  each.  Filter  Boxes: 
75,174  sq.  ft.  of  forms  were  set  at  an  average  cost  of  5.9  cts.  per  sq.  ft.  Lateral 
Gutters:  3,328  sq.  ft.  of  forms  were  oiled  at  0.3  cts.  per  sq.  ft.  2,113  sq.  ft.  of 
forms  were  built  and  set  for  7.4  cts.  per  sq.  ft.,  average.  Sewer:  2,449  sq.  It. 
of  sewer  forms  were  built  and  set  at  an  average  cost  of  8.8  cts.  per  sq.  ft. 

Backfill. — 495  cu.  yds.  of  backfill  was  hand-tamped  at  an  average  cost  of 
81  cts.  per  cu.  yd.     This  was  clay  placed  under  all  cast  iron  pipes. 

Bending  Steel. — 7,063  lbs.  of  reinforcing  steel  were  bent  at  an  average  cost  of 
0.63  cts.  per  lb. 

Setting  Steel. — 129,295  lbs.  of  reinforcing  steel  was  set  at  an  average  cost  of 
0.72  ct.  per  lb.  This  steel  was  tied  at  all  intersections  with  No.  16  wire.  The 
cost  given  includes  transporting  the  steel  350  ft.  at  approximately  0.1  ct.  per 
lb. 

Transporting  Pipe  and  Specials. — ^216.7  tons  of  cast  iron  pipe  and  specials 
were  rolled  about  200  ft.  by  hand  at  an  average  cost  of  90.4  cts.  per  ton. 

Setting  Pipe  and  Specials. — 130  tons  of  pipe  and  specials  were  set  at  an 
average  cost  of  $8.25  per  ton.  This  includes  the  erection  of  derricks,  scaffcdds, 
etc.,  necessary  for  setting  the  material. 

Setting  Pipe  Hangers. — 144  short  pipe  hangers  were  set  at  average  cost  of 
SH  cts.  each.    46  long  pipe  hangers  were  set  at  98>^  cts.  each. 

Wrecking  Groined  Arches  and  Conduit  Forms. — 21,586  sq.  ft.  of  these 
forms  were  wrecked  at  an  average  cost  of  1.4  cts.  per  sq.  ft.  This  includes 
wrecking  of  scaffolds,  braces,  supports,  etc.,  also  hoisting  out  the  groined  arch 
form  sections. 

Wrecking  Wall  Forms. — 63,905  sq.  ft.  of  wall  forms  were  wrecked  at 
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average  coat  oF  I>j  cts.  per  sq,  tl.    TblB  Includes  wreckliig  bracoB.  supporu. 

Truuporting  form  Lumber. — T3,2San.  B.  M.  ware  truuported  In  common 

dump  wagons,  unsulted  to  purpose,  Macostot  $4, 14  per  1,000  ft.  B.  M. 

Cutting  Pipes. — Two  men  cut  the  pipe  with  cold  chisels.  16  ple«H  of  I8-ln. 
plpewerecutatanaver^ecoatof  SOcta.  per  cut.  3  pieces  of  20-ln.  pipe  were 
cut  at  aT««ga  coat  of  60  els.  each.  3  pieces  at  24-lii.  pipe  nere  cut  at  average 
cost  of  76  eta.  each. 

Setting  I-Beams. — 12,36  tons  of  I-beams  were  set  at  an  average  cost  of 
17  pet  ton.  This  Includea  the  use  of  derricks,  etc.  48  plates  were  set  under 
the  I-beams  at  an  average  cost  of  82  eta.  each. 

Calkinc  Joiota. — ThJB  includH  yamiag,  heatiog  lead,  pouring,  etc.: 

27  IS-in.  Joiiita  were  calked  at  avenxe  coat  of SI. 01 

35  la-in.  jmnta  were  calked  at  average  ooet  of 90  Ota. 

15  20-m!  joints  were  calked  at  sveragBooat  of  !',!!!!!',!!!.'!'.*. !'!!',      l!00 

10  24-in.  jointa  were  calked  at  averme  coat  of US' 

21  24-m.  joinU  were  calked  at  average  ooat  of 1. 19 

Making  Pipe  Hangers. — 120  1^.  X  18-ia.  pipe  baegca  were  made  at  an 
average  coat  of  27  cts.  each.     One  end  of  each  hanger  waa  upset  to  l>j  in. 

Earthwork.— Excavation:  2,400  cu.  yds.  of  da;  was  excavated  with  pick 
and  shovel  at  average  cost  of  0S,2  els.  per  cu.  yd.  Some  ol  this  clay  was 
handled  three  times.  The  coat  includes  a  small  amount  of  sheeting.  Fill: 
e.494  cu.  yds.  otSll  was  modest  an  average  cost  of  44>i  eta.  percu.jnl,  Sandy 
soil  was  used  and  was  tamped  by  hand  under  pipes.  The  average  haul  of 
material  was  800  tl. 

Making  and  Setting  Porms.^Hldge  Blocks  and  Lateral  Gutters:  SO.llOsq. 
ft.  of  these  forma  were  made  and  set  at  average  cost  of  l.T  cts.  per  sq.  ft. 
Theae  were  eoilapslble  forms  bolted  together.  Cost  includes  oiling  and  clean- 
ing after  collapsing.  Beams  and  Columns:  23,803  sq.  ft.  of  these  forma  were 
built  and  set  at  average  cost  of  9.7  eta,  per  sg.  ft.  Thla  includes  clamping 
column  and  beveling  all  beams.  Cost  includes  alt  supports,  etc.  Roof  and 
Floor  Slabs:  24,539  aq.  ft.  of  these  forms  weraset  at  an  average  coat  of  7.1  cts. 
per  sq.  ft.  These  areas  Indicate  only  surface  of  form  In  contact  with  concrete. 
This  coat  Includes  all  bracing,  aupports  and  wiring. 

Wrecking  Forma.— 102,  747  sq.  ft.  of  forma  were  wrecked  at  an  average  cost 
of  1.2  cts.  peraq.  ft.     Thlsincludes  wrecking  bracing  and  supports. 

Reinforcing  Steel. — Transporting:  80,481  Iba.  of  reinforcing  steel  was 
transported  an  average  distance  ot  350  ft.'  at  0.2  ct.  per  lb.  Bending:  23.481 
lbs.  of  sted  werebent  atonaveragecost  of  0.4ct.  per  lb.  Setting:  12,902  Iba. 
ot  reinforcing  ateel  were  set  at  an  average  cost  of  0.4  ct.  per  111.  This  Includes 
wiring  with  No.  IB  annealed  wire  at  oil  intersections. 

Electrical  Work. — 3,3S9  lln.  It,  of  H  to  1-to.  conduit  was  placed  at  a  cost  of 
5.0  CIS.  per  ft.  13,110  ft,  rd  inauliated  wire  was  placed  at  0.7  ct.  per  tt.  11 
iwltcb  boxes  were  aet  at  2S  cts.  each.  10  arc  lights  were  set  at  tl, GO  each. 
and  g  arc  lighta  were  set  at  tl  .00  each. 

Concreting.— Lateral  Gultera:  86  cu.  yds.  of  concrete  were  placed  at 
average  coat  of  tO.lO  pet  cu  yd.  This  Includes  firing  of  salamandeis  In  each 
niter  box  tor  72  houra  continuously.  Floors,  Roof,  etc. :  SOS  cu,  yda.  of  con- 
ctMe  were  placed  at  average  cost  of  tl.50  pel  cu.  yd.    Ridge  Blacks:  335  cu. 
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yds.  of  concrete  were  placed  at  average  cost  of  $2.86  per  cu.  yd.    This  indudes 
placing  screen  bolts  and  all  reinforcing  steel  in  each  block. 

Placing  Lateral  Gutter  Weirs. — 5,800  lin.  ft.  of  concrete  were  placed  at  an 
average  cost  of  7.3  cts.  per  ft. 

Ridge  aiocks. — Transporting:  314:52  cu.  yds.  of  ridge  blocks  were  trans- 
ported an  average  distance  of  300  ft.  and  were  hoisted  from  20  to  23  ft.  at  an 
average  cost  of  $1.39  per  cu.  yd.  Setting:  305  cu.  yds.  of  ridge  biocks  were 
set  at  an  average  cost  of  $6.97  per  cu.  yd.  This  includes  all  drilling  for  anchor 
rods,  cutting  and  placing  rods,  grouting  in  rods,  and  chipping  concrete. 

Setting  Strainer  Plates. — 3,736  strainer  plates  were  set  at  an  average  cost  of 
32.8  cts.  each.  This  includes  cementing  up,  bolting,  chipping  concrete  where 
necessary,  etc.,  complete. 

Laying  Screen. — 15,292  sq.  ft.  of  screen  was  placed  at  an  average  cost  of 
6.2  cts.  per  sq.  ft.  This  includes  sewing  with  No.  20  wire,  placing  washers  and 
bolting  down. 

Gravel. — Screening:  368.85  cu.  yds.  of  gravel  was  screened  at  an  average 
cost  of  $4.02  per  cu.  yd.  Hauling:  265  cu.  yds.  of  gravel  was  hauled  at  an 
average  cost  of  $1.04  per  cu.  yd.  Placing:  242  cu.  yds.  of  grav^  were  placed 
at  an  average  cost  of  $3.62  per  cu.  yd.  This  includes  placing  in  wheelbarrows, 
hoisting  20  to  23  ft.  and  wheeling  to  place. 

Filter  Sand. — Hauling:  948  cu.  yds.  of  filter  sand  was  hauled  IH  miles  at  an 
average  cost  of  67  cts.  per  cu.  yd.  This  includes  loading  from  cars  and  wagons. 
Placing:  563  cu.  yds.  of  sand  was  placed  at  an  average  cost  of  54K  cts.  per 
cu.  yd. 

Laying  Brick. — ^221,700  brick  were  laid  at  an  average  cost  of  $12.50  per 
1,000.  This  includes  cost  of  mixing  and  coloring  mortar,  and  all  scaffold 
work. 

Setting  Terra  Cotta. — 14  terra  cotta  sills  were  set  at  an  average  cost  of 
$2.14  each.  Five  .were  set  at  $1.20  each.  377  lin.  ft.  of  terra  cotta  was  set  at 
an  average  cost  of  14  cts.  per  ft. 

Roofing. — ^82^4  squares  of  roofing  were  placed  at  an  average  cost  of  $3.54 
per  100  ft.  square.    This  includes  placing  tarred  felt  and  shingles. 

Setting  Window  Sashes  and  Frames. — 171  frames  and  sashes  were  set  at  an 
average  cost  of  73  cts.  each.    This  includes  setting  the  necessary  hardware. 

Transporting  Pipe,  Valves,  Specials  and  Machinery. — 418  tons  were  trans- 
ported through  distances  ranging  from  150  ft.  to  350  ft.  at  an  average  cost 
of  $1.56  per  ton.  This  includes  loading,  hauling,  imloading,  picking  loose  from 
frozen  ground,  etc. 

Setting  Pipe  and  Specials. — 476  tons  were  set  at  an  average  cost  of  $2.00  per 
ton.    This  includes  scaffolds,  derricks,  belting,  etc. 

Pipe  Hangers  and  Supports —   . 


Making: 

No.  of  hangers 

31 

Hin.  X 

7 

Kin.  X 

12 

H  in.  X 

31 

U  in.  X 

17 

^in.  X 
H  in.  X 
IK  ins. 

12 

18 

11 

iHins. 

Size  of  hangers  per  hanger 

7ft $1.24 

29  ft 2.26 

23  ft.  3  ins 2. 15 

18  ft.  6  ins 1 .  38 

6  ft.  4  ins 1.  26 

6  ft 0.37 

X  18  ins 0.81 

X  7  ft.  9  ins. 0. 85 
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Pladng: 

No.  of  hangers 

24 
31 
14 
3 
24 
18 
11 


Size  of  hangers 


7  ft 

18  ft.  6  ins.. 

21  ft.  6  ins.. 

X  6  ft.  4  ins..  . 

X  6  ft 

IH  ins.  X  18  ins 

IK  ins.  X  7  ft.  9  ins. 


Settiiig  Hydraulic  Gates: 

Sise, 
ins. 


No. 
gates 


12  14  

20  12  

30  1  

24  12  

These  costs  include  scaffolds,  derricks,  gaskets,  etc. 

•^f«»^^""g  Bolts: 

Diam., 
ins. 


Av.  cost 
per  hanger 

$0.59 
0.76 
1.17 
0.75 
1.20 
0.50 
0.14 


Ay.  cost 
setting 

$1.56 
5.30 
8.25 
1.56 


No. 
bolts 

147 
553 
688 
106 
50 


Cost  per 
bolt 

1.7ct8. 

8. 3  cts. 
9.6  cts. 

8.4  cU. 
3.4  cts. 


Ladder  Rungs. — 12  ^^-in.  ladder  rungs  were  made  at  an  average  cost  of 
33  els.  each.  Sixty-four  rungs  were  set  at  an  average  cost,  including  gix)uting, 
of  18  cts.  each. 

Transporting  Lumber. — 141,676  ft.  B.  M.  of  lumber  was  carried  about  250 
ft.  at  an  average  cost  of  $2.32  per  1,000  f t.  B.  M . 

Cleaning  Walls. — 20,070  sq.  ft.  of  brick  wall  was  scraped  free  of  cement 
and  mortar  and  washed  with  a  dilute  solution  of  hydrochloric  acid  at  an 
average  cost  of  2.1  cts.  per  sq.  ft. 

Drilling  Holes  in  Concrete. — The  following  data  shows  the  cost  of  drilling 
holes  in  concrete  by  hand: 


Size  of 
holes,    ins. 

1^X9 
1MX6 
1HX8 
1HX9 
1^X9 
1  X4  / 
^X2>/ 


No.  of 
holes 

3 

25 
8 
10 
18 
30 
761 


Av.  coat 
per  hole 

$1.48 
0.14 
0.63 
0.24 
0.15 
0.09 
0.07 


Painting. — ^27,500  sq.  ft.  of  painting  was  done,  one  coat,  at  an  average  cost 
of  1  ct.  per  sq.  ft. 

Setting  Small  Pipe. — The  following  data  relates  to  steam  and  vacuum  pipe: 
850  ft.  of  1^^-in.  and  2-in.  pipe  was  set  at  an  average  cost  of  19  cts.  per  ft. 

Setting  Gate  Stands. — Two  stands  for  36-in.  X  48-in.  i^uice  gates  were  set 
at  an  average  cost  of  $2.87  each. 

Placing  Window  Operating  Device. — 391  ft.  oi  window  operating  rods  were 
placed  at  an  average  cost  of  28  cts.  per  ft.  This  includes  setting  all  gears, 
brackets,  chains,  etc.,  complete. 

Finish  Coat  on  Roof. — A  1:2  cement  coat  from  H  to  H-in.  thick  was  placed 
on  the  cinder  concrete  roof.  9,736  sq.  ft.  were  placed  at  average  cost  of  3.7 
cts.  per  sq.  ft. 
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LABOR  COST  DATA  ON  HEAD  HOUSE  IN   1911 

Excavation. — 2,304  cu.  yds.  of  material  were  excavated  at  an  average  unit 
cost  of  50>^  cts.  Of  this  amount,  350  cu.  yds.  were  hauled  750  ft.  in  dump 
wagons  and  900  cu.  yds.  were  of  soft  and  sticky  material  excavated  by  hand 
tools. 

Backfill. — 125  cu.  yds.  of  material  were  backfilled,  at  an  average  unit  cost  of 
63  cts.  per  cu.  yd.     This  material  was  tamped  by  hand. 

Building  Forms. — The  following  cost  data  on  form  building  are  stated  in 
cents  per  sq.  ft.  The  area  considered  is  that  portion  which  is  exposed  to  the 
concrete  only.  The  cost  includes  all  bracing,  supports,  scaffolds,  etc., 
complete. 

Wall  Forms. — 11,620  sq.  ft.  of  wall  forms  were  built  at  an  average  imlt  cost 
of  6.9  cts.  per  sq.  ft. 

Beam  and  Column  Forms. — ^29,039  sq.  ft.  of  beam  and  column  forms  were 
built  at  an  average  cost  of  3.9  cts.  per  sq.  ft. 

Stair  Forms. — 1,687  sq.  ft.  of  stair  forms  were  built  at  an  average  cost  of 
13.9  cts.  per  sq.  ft. 

Floor  Forms. — ^7,629  sq.  ft.  of  floor  forms  were  built  at  an  average  cost  of 
5.9  cts.  per  sq.  ft. 

Wrecking  Forms. — The  area  of  forms  wrecked  is  stated  in  terms  of  square 
feet,  exposed  to  concrete  only.  The  cost  includes  the  removal  of  all  bracing, 
supports,  etc. 

Wrecking  Wall  Forms. — 34,  972  sq.  ft.  of  wall  forms  were  wrecked  at  an 
average  unit  cost  of  0.86  ct.  per  sq.  ft. 

Wrecldng  Beam  Column  and  Stringer  Forms. — 24,450  sq.  ft.  of  these  forms 
were  wrecked  at  an  average  unit  cost  of  0.45  ct.  per  sq.  ft. 

Wrecking  Floor  Forms. — 8,150  sq.  ft.  of  floor  forms  were  wrecked  at  an 
average  unit  cost  of  0.81  ct.  per  sq.  ft. 

Transporting  Lumber. — 10,400  ft.  B.  M.  of  lumber  was  transported  at  an 
average  unit  cost  of  $3.72  per  1,000  ft.  B.  M.  For  this  purpose  ordinary 
dump  wagons  were  used,  and  were  not  well  suited  to  the  purpose.  The  haul 
ranged  from  300  to  500  ft. 

Cleaning  Lumber. — ^33,086  ft.  B.  M.  of  lumber  was  cleaned  at  an  average 
unit  cost  of  $6.38  per  1,000  ft.  This  includes  cleaning  off  concrete  and  pulling 
out  old  nails. 

Building  Beam  Supports. — 663  sq.  ft.  of  beam  supports  were  built  at  an 
average  unit  cost  of  14.6  cts.  per  sq.  ft. 

Bending  Steel  and  Making  Steel  Column  Reinforcement. — 56,753  lbs.  of 
steel  were  handled  for  this  purpose  at  an  average  imit  cost  of  $6.08  per  1,000 
lbs.  This  includes  the  wiring  together  of  the  colunm  reinforcement  with  No. 
16  gage  wire. 

Setting  Steel. — 120,412  lbs.  of  steel  were  set  at  an  average  unit  cost  of 
$7.44  per  1,000  lbs.  This  includes  wiring  with  No.  16  gage  wire  at  all  inter- 
sections of  reinforcing  material. 

Concreting  Floors,  Columns  and  Bins. — 1,575  cu.  yds.  of  concrete  were 
placed  at  an  average  unit  cost  of  $1.43  per  cu.  yd.  This  includes  the  cost  of 
raising  elevator,  etc. 

Concreting  Wsdls. — 531  cu.  yds.  of  concrete  were  placed  at  an  average  cost 
of  $1.29  per  cu.  yd.    This  inlcudes  raising  the  elevator,  etc. 

Finishing  Floors. — ^5,734  sq.  ft.  of  floor  were  finished  at  an  average  unit  cost 
of  1.45  cts.  per  sq.  ft. 
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Preparatory  Work  for  Concreting. — 425  lin.  ft.  of  track  and  trestle  were 
erected  at  an  average  unit  cost  of  13.5  cts.  per  ft. 

Setting  Sluice  Gates. — Four  36  X  48-in.  sluice  gates  were  set  at  an  average 
cost  of  $21.45  per  gate.    One  42-in.  sluice  gate  was  set  at  a  cost  of  $13.15. 

Placing  Cast  Iron  Pipe  and  Specials. — 6.2  tons  of  42-in.  cast  iron  pipe  and 
specials  were  placed  at  an  average  unit  cost  of  $6.91  per  ton.  This  includes  a 
haul  of  200  ft. 

3.15  tons  of  12  and  42-in.  cast  iron  pipe  and  specials  were  placed  at  an 
average  unit  cost  of  $9.54  j^er  ton.  One  ton  of  12-in.  pipe  was  placed  at  a  cost 
of  $2.    The  foregoing  figures  include  the  erection  of  derricks,  scaffolds,  etc. 

Calking  Joints. — Two  joints  in  the  42-in.  pipe  lines  were  calked  at  an  average 
cost  of  $2  per  joint.    This  includes  yarning,  heating  lead,  etc. 

Electrical  Conduit. — 500  ft.  of  1-in.  electrical  conduit  were  placed  at  an 
average  cost  of  3.1  cts.  per  ft.;  100  ft.  of  iyi'\n.  electrical  conduit  were  placed 
at  an  average  cost  of  2H  cts.  per  ft. ;  450  ft.  of  1  to  2-in.  electric  conduit  were 
placed  at  an  average  cost  of  5  cts.  per  ft.  These  figures  include  transporting 
the  conduit  materials. 

Manholes. — Three  24-in.  manholes  were  placed  on  the  hypo  tanks  at  an 
average  cost  of  $1.69  each. 

Making  Column  Clamps,  Blocks  and  Wedges. — 75  column  clamps  were 
made  at  an  average  cost  of  30  cts.  each. 

150  blocks  and  wedges  were  made  at  1.6  cts.  each. 

Pipe  Supports  and  Hangers,  etc. — 20  1-in.  by  5-in.  by  16-in.  pipe  supports 
and  hangers  were  placed  at  an  average  cost  of  42  cts.  ea<;h. 

60  trolley  hangers  were  placed  at  an  average  cost  of  20  cts.  each.  These 
figures  include  grouting  in. 

LABOR  COST  DATA   ON   HEAD   HOUSE  IN   1912 

Making  Fill. — 2,020  cu.  yds.  of  fill  were  made  at  an  average  unit  cost  of 
48.7  cts.  per  cu.  yd.    This  includes  an  average  haul  of  1,500  ft. 

Building  Forms. — Wall  and  Foundation  Forms. — 24,.?65  sq.  ft.  of  wall  and 
foundation  forms  were  built  at  an  average  imit  cost'of  5H  cts.  per  sq.  ft. 
This  includes  only  the  surface  in  contact  with  concrete.  Cost  of  erecting 
scaffolding  and  bracing  is  included. 

Floor  and  Roof  Forms. — 20,  433  sq.  ft.  of  fioor  and  roof  forms  were  built 
at  an  average  imit  cost  of  8.7  cts.  per  sq.  ft. 

Building  Tank  Forms. — 1,335  sq.  ft.  of  tank  forms  were  built  at  an  average 
unit  cost  of  8.4  cts.  i)er  sq.  ft. 

Wrecking  Forms. — 46,294  sq.  ft.  of  forms  were  wrecked  at  an  average  cost 
of  2 . 1  cts.  per  sq .  f t .     This  includes  wrecking  scaffolds  and  bracing. 

Transporting  Limiber. — 21,996  ft.  B.  M.  of  lumber  was  transported  an 
average  distance  of  300  ft.  at  an  average  unit  cost  of  $5.60  per  1,000  ft.  B.  M. 

Cleaning  Lumber. — 6,000  ft.  B.  M.  lumber  was  cleaned  at  an  average  unit 
cost  of  $8.80  per  1,000  ft.  B.  M.  This  included  pulling  out  old  nails  and 
scraping  off  concrete  which  adhered  to  boards. 

Reinforcing  Steel — Bending. — ^^5,369  lbs.  of  reinforcing  steel  were  bent  at  an 
average  cost  of  $3.26  per  1,000  lbs.;  34.540  were  transported  at  $1.84  per  1,000 
lbs.;  35,868  lbs.  were  set  at  $6.07  per  1,000  lbs.  This  hicludes  the  cost  of 
wiring  with  No.  16  gauge  wire  at  every  intersection  of  reinforcing  rods. 

Structural  Steel — Transporting. — 21.09  tons  of  structural  steel  were 
tcansported  a  distance  of  1|600  ft.  at  an  average  unit  cost  of  $9.35  per  ton. 
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Setting. — 21.86  tons  of  Rtnictural  steel  were  set  at  an  average  unit  cost  of 
$12  per  ton.    This  includes  all  wall  plates,  bolts  and  rivets. 

Concrete — Roof  and  Thin  Walls. — 431  cu.  yds.  of  concrete  were  placed  in 
the  roof  and  thin  walls  at  an  average  unit  cost  of  $2.08  per  cu.  yd. 

Foundation  and  Heavy  Walls. — 148.35  cu.  yds*,  of  concrete  were  placed  in 
foundation  and  heavy  walls  at  an  average  unit  cost  of  $1.27  per  cu.  yd.  The 
foregoing  costs  on  concreting  include  the  erection  of  runways,  scaffolds,  etc. 

Finishing  Floors,  Roofs,  etc. — 17,158  sq.  ft.  were  finished  at  an  average 
unit  cost  of  4  cts.  per  sq.  ft.  This  is  for  placing  a  1  '.2  cement  plaster  from  H 
in.'  to  IH  ins.  thick. 

Placing  Expanded  Metal  Lath  and  Rib-Truss  for  Ceiling  and  Partitions. — 
7.568  sq.  ft.  of  this  material  were  placed  at  an  average  imit  cost  of  8.3  cts.  per 
sq.  ft.     This  includes  all  iron  studs  and  part  of  the  ceiling  supports,  etc. 

Plastering. — 31,711  sq.  ft.  of  plastering  were  figured  as  a  single  coat  and  the 
average  unit  cost  was  3.13  cts.  per  sq.  ft. 

Laying  Brick. — 158,800  brick  were  laid  at  an  average  unit  cost  of  $14.60  per 
M.  This  includes  all  scaffolding.  The  brick  was  laid  in  Flemish  bond. 
Three  kinds  of  mortar  were  used. 

Washing  Walls. — 8,800  sq.  ft.  of  walls  were  washed  at  an  average  unit  cost 
of  2.3  cts.  per  sq.  ft.  A  dilute  solution  of  hydrochloric  acid  was  used  for  this 
purpose.  The  cost  given  includes  the  cost  of  erecting  and  removing  the  neces- 
sary scaffolding. 

Windows  and  Doors. — 18  window  sills  were  set  in  the  brick  work  after  it 
was  finished  at  an  average  unit  cost  of  $3.26  each. 

Copper  Work. — Valley,  Deck  and  Flashing. — 4,044  sq.  ft.  of  valley  and  deck 
copper  work  were  placed  at  an  average  unit  cost  of  2.7  cts.  per  sq.  ft. ;  1,323  lin. 
ft.  of  flashing  were  laid  at  an  average  unit  cost  of  7.2  cts.  per  ft.,-  4,152  ft.  of 
flashing  were  soldered  only  at  a  cost  of  3.3  cts.  per  ft. 

Ridge  Roll,  etc. — 1,483  lin.  ft.  were  placed  at  an  average  unit  cost  of  7  cts. 
per  ft.    In  the  copper  work  all  the  copper  was  cut  and  formed  on  the  job. 

Roofing. — 80.75  squares  of  roofing  were  placed  at  an  average  cost  of  $4.24 
per  square.  This  roofing  consisted  of  asbestos  shingles  each  16  X  16  ins., 
placed  on  a  1:2:4  ci«Mer  concrete  roof  with  a  layer  of  tarred  felt  between. 

Electric  Work — Conduit,  H-'m.  to  2-in. — 2,435  lin.  ft.  of  conduit  were 
placed  at  an  average  unit  cost  of  5  cts.  per  ft.  This  includes  the  placing  of  all 
fittings. 

Wiring. — 13,190  lin.  ft.  of  electric  wiring  were  placed  at  an  average  unit  cost 
of  1.1  cts.  per  ft.    All  the  wires  were  well  covered. 

Cast  Iron  Pipe  and  Specials — Transporting. — 102.67  tons  of  cast  iron  pipe 
and  specials  were  transported  at  an  average  unit  cost  of  $2.87  per  ton. 

Setting — 61.94  tons  of  cast  iron  pipe  and  specials  were  set  at  an  average 
unit  cost  of  $3.50  per  ton.  The  foregoing  costs  include  the  transporting  and 
setting  of  scaffolds,  derricks  and  all  other  necessary  equipment. 

Calking  Joints. — Seven  42-in.  joints  were  calked  at  an  average  cost  of 
$1.91  each. 

24  6-in.  joints  were  calked  at  an  average  cost  of  49  cts.  each. 

31  4-in.  joints  were  calked  at  an  average  cost  of  56  cts.  each.  Figures  for 
calking  include  yarning,  pouring,  melting  lead,  erection  of  scaffolds,  etc. 

Setting  Radiators. — 6.942  sq.  ft.  of  radiators  were  set  at  an  average  unit 
cost  of  3.1  cts  per  sq.  ft. 

2-in.  Lead  Pipe. — 233  wiped  joints  were  made  at  an  average  cost  of  60  cts. 
each.    This  includes  heating,  soldering,  etc. 
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Setting. — I1O19  lin.  ft.  of  2-in.  lead  pipe  were  set  at  an  average  unit  cost  of 
0.5  ct.  per  ft.  All  this  pipe  weighed  7^i  lbs.  per  ft.  The  cost  given  indudes 
stn^htenlng  pipe  and  placing  all  valves  and  fittings. 

Smali  Pipe  and  Fittings. — The  following  costs  r^ate  to  the  small  pipe  and 
fittings  which  were  installed  in  the  heating,  plumbing  and  vacuum  cleaner 
systems.  All  valves  and  fittings,  etc.,  were  figured  as  straight  pipe.  The 
costs  include  all  cutting,  threading,  transporting,  etc.  The  cost  of  the  neces- 
sary scaffolding  is  also  included.  Ail  the  work  was  done  by  hand,  and  some 
at  it  was  very  difficult. 

Size  of  Amount        Aver.   oOflt 

inpe,  ins.  plaeedt  ft.     per  ft.,  eta. 

HtoH    127  9.2 

H  1,147  6.7 

H  1.804  12.4 

1 1,351  13.1 

IH  509  16.6 

IH 1.657  24.4 

2  1,251  25.7 

2K  562  36. 9 

3  ...^. 587  43.4 

3H  209  37. 7 

4  422  50.4 

4H , 132  59. 4 

5  58  40. 0 

6  39  49.0 

Soil  Pipe. — The  soil  pipe  was  all  placed  by  plumbers,  working  most  of  the 
time  upon  scaffolds.  Everything  connected  with  the  installation  of  the  soil 
pipe  is  included  in  the  following  costs:  122  ft.  of  2-in.  soil  pipe  were  placed 
at  an  average  unit  cost  of  16.9  cts.  per  ft.;  87  ft.  of  3-in.  pipe  at  22.5  cts. 
per  ft.  and  307  ft.  of  4-in.  soil  pipe  at  53.0  cts.  per  ft. 

Making  Pipe  Hangers. — A  total  of  532  pipe  hangers  were  made  at  an 
average  cost  of  29  cts.  each.  These  hangers  were  made  of  round  iron,  and  the 
cost  includes  upsetting,  threading,  etc.  The  H  X  16-in.  hangers  were  most 
expensive  at  65  cts.  each,  and  the  H  X  50-in.  hangers  cost  for  labor  only  8  cts. 
each. 

Setting  Hangers. — 445  hangers  were  set  at  an  average  cost  of  44>^  cts. 
each.     Tills  includes  drilling,  etc. 

Transporting  Castings,  Machinery,  etc. — 52  tons  of  these  materials  were 
transported  a  distance  ranging  from  50  to  500  ft.  at  an  average  unit  cost  of 
$2. 12  per  ton.    This  includes  all  necessary  loading  and  unloading. 

Placing  Miscellaneous  Castings. — 5,600  lbs.  of  miscellaneous  castings  were 
placed  at  an  average  cost  of  1  ct.  per  pound.  This  includes  necessary  derricks, 
scaffolds,  etc. 

Painting. — 42,176  sq.  ft.  of  painting  was  done,  figured  as  a  single  coat  at  1.2 
cts.  per  sq.  ft. 

Hand  Rails. — 360  Itn.  ft.  of  hand  rails  were  plac^  at  29.1  cts.  per  ft.  in- 
cluding all  fittings. 

Steel  Ladders. — These  ladders  are  about  6  ft.  long  and  are  of  ^  x  3-in. 
Iron  and  94-in.  round  rungs.  Four  of  these  were  made  at  $3.71  each,  and 
they  were  set  at  44  cts.  each. 

Setting  Laboratory  Tables. — 16  laboratory  tables,  each  of  oak  38  ins.  high 
and  36  ins.  wide;  with  tops  3  ins.  thick,  were  set  at  an  average  cost  of  $3.65 
each. 

Excavation. — 126  cu.  yds-  of  red  clay  wete  excavated  at  an  average  cost  of 
53  cts.  per  cu.  yd. 
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Calked  Soil  Pipe  Joints. — FoUowing  are  costs  of  calking  joints  in  2,  3  and 
4-in.  soil  pipe,  as  made  by  plumbers: 

Sise,  Av.  cost  per 

ins.  joint,  ota. 

2 42 

3         48 

4         48 

Plumbing  Fixtures. — ^A  sum  of  $60  was  spent  for  setting  23  plumbing 
fixtures,  such  as  wash  basins,  urinals,  showers,  sinks,  water  closets  and  towel 
racks. 

Setting  Small  Gates. — 66  small  gate  valves,  ranging  in  diameter  from  3  ins. 
to  10  ins.  were  set  at  an  average  cost  of  64  cts.  per  grate.  This  includes 
all  gaskets,  bolting  up  and  fitting. 

Making  Bolts. — 605  bolts  were  made  at  an  average  cost  of  7  cts.  each. 
These  bolts  were  from  ^i  to  1}^  ins.  in  diameter.  The  greatest  length  was 
15  ins.  The  cost  given  includes  cutting  steel,  welding  on  heads,  threading  of 
bolts  and  nuts,  complete. 

LABOR  COST  DATA  OU  COAGULATION  BASIN  IN   1911 

Excavation. — 605  cu.  yds.  of  material  were  excavated  in  trench  by  pick  and 
shovel  at  an  average  unit  cost  of  60.3  cts.  per  cu.  yd. 

Backfill. — 350  cu.  yds.  were  backfilled  and  hard  tamped  under  60-in.  pipe 
at  an  average  unit  cost  of  70  cts.  per  cu.  yd. 

375  cu.  yds.  were  backfilled  at  55  cts. 

Setting  Forms. — 2,025  sq.  ft.  of  forms  were  set  at  an  average  unit  cost  of 
5.8  cts.  per  sq.  ft.  The  area  given  is  that  exposed  to  concrete  only.  The  cost 
given  includes  all  bracing. 

Setting  Screeds. — 7,433  lin.  ft.  of  screeds  were  set  at  an  average  unit  cost  of 
1.5  cts.  per  ft. 

Making  Forms. — 610  sq.  ft.  of  forms  were  made  at  an  average  unit  cost  of 
5.8  cts.  per  sq.  ft.  The  area  given  is  that  exposed  to  concrete  only.  All 
bracing  is  included.    These  forms  were  used  about  seven  times. 

Setting  Steel. — 38,333  lbs.  of  steel  were  set  at  an  average  unit  cost  of  $4.25 
per  1,000  lbs.     This  figure  includes  the  hauling  of  the  steel. 

Placing  Concrete. — 1,087  cu.  yds.  of  concrete  were  placed  at  an  average  imit 
cost  of  $1.16  per  cu.  yd.  This  includes  the  setting  of  expansion  plates,  and 
giving  to  the  concrete  a  float  finish. 

Laying  Cast  Iron  Pipe  and  Specials. — 25.72  tons  of  cast  iron  pipe  and 
specials  were  laid  at  an  average  cost  of  $9.65  per  ton.  Of  this  amount,  10.6 
tons  was  12-in.  pipe  and  the  balance  60-in.  pipe.  The  cost  of  making  one  cut 
on  60-in.  pipe  is  included. 

Setting  60-in.  Gate  Valve. — A  60-in.  gate  valve  weighing  6  tons  was  set  at  a 
lump  sum  of  $188.50 

BuUding  Manholes. — 2.6  M.  of  brick  were  placed  in  manholes  at  an  average 
cost  of  $7.10  per  M.  The  manholes  were  round,  and  the  cost  given  includes 
the  placing  of  9  ladder  rungs. 

Driving  Sheeting. — 300  sq.  ft.  of  sheeting  were  driven  at  an  average  unit  cost 
of  2.7  cts.  per  sq.  ft.     This  sheeting  was  2  X  10-in.  stuff. 

LABOR  COST  DATA  ON  COAGULATION  BASIN  IN  1912 

Excavation. — 883^^  cu.  yds.  of  red  clay  were  excavated  by  pick  and  shovel 
in  trench  at  an  average  unit  cost  of  84  cts.  per  cu.  yd.;  this  includes  all  neces- 
sary sheeting. 
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Fill. — 14,580  cu.  yds.  of  fill  were  made  at  an  average  unit  cost  of  48.8  cts. 
The  fill  was  not  rolled.  A  24-in.  puddle  wall  was  hand-tamped  in  layers 
ranging  in  thickness  from  ^i  to  2  ins.,  and  the  cost  is  averaged  in  the  fore- 
going.    The  cost  of  puddling  was  54  cts.  per  cu.  yd. 

Building  Forms — Heavy  Walls. — 50,578  sq.  ft.  of  forms  were  built  at 
an  average  cost  of  7.1  cts.  per  sq.  ft.  The  area  exposed  to  concrete  only 
is  figured  on  all  form  worlc.  The  cost  includes  all  scaffolds,  braces,  supports, 
etc. 

Thin  Wall  Forms. — 28,566  sq.  ft.  of  forms  were  built  at  an  average  cost  of 
12.8  cts.  per  sq.  ft. 

Floor  Colimm  and  Beam  Forms. — 15,240  sq.  ft.  of  beam  forms  were  built  at 
an  average  unit  cost  of  9.7  cts.  per  sq.  ft. 

Wrecking  Forms. — 121,702  sq.  ft.  of  forms  were  wrecked  at  an  average 
unit  cost  of  1^  cts.  per  sq.  ft. 

Transporting  Lumber. — 164,563  ft.  B.  M.  of  lumber  was  transported  at  an 
average  unit  cost  of  $3.52  per  1,000  ft.  B.  M.  The  average  haul  was  1,000 
ft.    A  common  dump  wagon  was  used  and  was  not  well  suited  to  the  purpose. 

Reinforcing  Steel — Transporting. — 192,029  lbs.  of  steel  were  transported 
an  average  distance  of  1,500  ft.  at  an  average  imit  cost  of  80  cts.  per  1,000  lbs. 

Bending. — 106,787  lbs.  of  steel  were  bent  at  an  average  unit  cost  of  $1.15 
per  1,000  lbs. 

Setting. — 234,295  lbs.  of  reinforcing  steel  were  set  at  an  average  unit  cost 
of  $4.25  per  1,000  lbs.  This  includes  wiring  together  of  all  steel  at  intersec- 
tloDs  with  No.  16  gage  wire. 

Structural  Steel — Transporting. — 9.61  tons  were  transported  an  average 
distance  of  1,500  ft.  in  common  dump  wagons  at  an  average  cost  unit  cost  of 
98  cts.  per  ton. 

Setting. — 9.61  tons  were  set  at  an  average  unit  cost  $12.13  per  ton.  This 
includes  all  hoisting,  bolting  up,  riveting  wall  plates,  etc. 

Ck)ncreting — Heavy  Walls. — 1,198  cu.  yds.  of  concrete  were  placed  at  an 
average  imit  cost  of  $1.11  per  cu.  yd.  This  does  not  include  the  necessary 
track  trestle  and  runways. 

Concrete  Floors,  Roof  and  Thin  Walls. — 1,413.5  cu.  yds.  of  concrete  were 
placed  at  an  average  unit  cost  of  97  cts.  per  cu.  yd. 

Track  and  Trestle. — 1,711  lin.  ft.  of  track  and  trestle  were  placed  at  an 
average  unit  cost  of  7.6  cts.  per  ft.  All  this  work  was  24-in.  gage  in  16-ft. 
sections.     The  runways  were  5  X  16ft.,of7-in.  material. 

Finishing  Roof  and  Floors. — 5.818  sq.  ft.  of  1:2  cement  finishing  coat  rang- 
ing in  thickness  from  }i  to  m  ins.  were  placed  at  an  average  cost  of  6.1  cts. 
per  sq.ft. 

Truisporting — Castings,  etc. — 141  tons  of  castings  were  transported  a 
distance  averaging  500  ft.  at  an  average  unit  cost  of  $2.22  per  ton.  This 
includes  leading  and  unloading  by  hand. 

Setting  Pipe  and  Specials. — 103  tons  of  pipe  and  specials  were  set  at  an 
average  cost  of  $3.54  per  ton.  This  includes  the  erection  of  a  derrick  and  all 
necessary  scafiFolds. 

Setting  Gate  Stands. — 21  gate  stands  were  set  at  an  average  cost  of  $3.85 
each.    This  includes  bolting  down  on  a  bed  of  1:2  cement  mortar. 

Setting  Stems. — Stems  for  48-in.  gates  were  set  at  an  average  cost  of  $2.60 
each. 

Setting  Sluice  Gates. — 25  sluice  gates  were  set  at  an  average  cost  of  $6.80 
each.     These  gates  are  from  42  X  42  ins.  to  48  X  60  ins.    The  cost  given 
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includes  cutting  all  necessary  gaskets,  bolting  up.  hoisting,  derrick,  scaffolds, 
etc. 

Small  Piping. — 1,030  ft.  of  small  piping  ranging  from  )^^  to  3  ins.  in  diameter 
were  placed  at  an  average  cost  of  7^^  cts.  per  lin.  ft.  This  includes  all  cutting, 
threading,  fittings,  valves,  etc.,  complete. 

2-in.  Lead  Pipe. — 1,001  ft.  of  lead  pipe  were  placed  at  an  average  cost  of 
18  cts.  per  ft.  This  includes  straightening  pipe,  putting  in  fittings  and  valves, 
etc.  The  pipe  weighs  7.5  lbs.  per  ft.  96  wiped  Joints  were  made  at  average 
cost  of  60  cts.  per  joint. 

Electric  Wire. — 900  ft.  of  No.  14  insulated  electric  wire  were  placed  at  an 
average  cost  oi  0.9  ct.  per  ft. 

Laying  Brick. — 84.5  M  of  brick  Were  laid  at  an  average  cost  of  $17.90  per  M. 
This  includes  the  work  done  on  electric  conduit,  window  sills,  all  necessary 
scaffolds,  etc.    The  brick  was  laid  Flemish  bond. 

Setting  Window  Frames. — 92  window  frames  w^e  set  at  an  average  cost  of 
$1.17  each. 

Washing  Walls. — 5,030  sq.  ft.  of  walls  were  washed  at  an  average  cost  of 
2.  6  cts.  per  sq.  ft.  A  dilute  scdution  of  hydrochloric  acid  was  used.  The 
cost  given  includes  all  necessary  scaffolding. 

Painting. — 22,925  sq.  It.  was  painted  at  an  average  cost  of  1  ct.  per  sq.  ft. 
The  painting  was  figured  as  a  single  coat  only,  and  the  cost  includes  all  neces- 
sary scaffolds. 

Roofing. — 85.5  squares  of  roofing  were  placed  at  an  average  cost  of  S3.30 
per  100  sq.  ft.  The  roofing  consisted  of  a&bestos  shingles  laid  on  1 :2:4  cinder 
concrete  with  a  layer  of  tarred  felt  between  the  concrete  and  shingles.  The 
cost  includes  all  necessary  staging. 

Copper  Work. — 235  sq.  ft.  of  copper  work  was  placed  at  10  cts.  per  sq.  ft. 
266  lin.  ft.  of  copper  was  placed  at  12  cts.  per  lin.  ft. 

Baffles. — 19,852  ft.  B.  M.  of  baffles  were  placed  at  an  average  unit  cost  of 
$4.98  per  1,000  ft.    The  baffles  were  made  of    ix  6-in.  D.  &  M.  fencing. 

Wooden  Gates.-^27  wood^i  gates  were  set  at  an  average  cost  of  S2.30 
each.  These  gates  were  all  of  1  X  6-in.M.  &  D.  lumber.  Each  24  X  36-in. 
with  a  2  X  4-in.  stem.  The  gates  slide  In  guides.  53  wooden  guides  were 
made  at  an  average  unit  cost  of  0.33  cts.  each. 

Ladder  Rungs — Making.— 156  ladder  rungs  were  made  of  H-'m.  round  steel 
at  an  average  imit  cost  of  11  cts.  each. 

Placing. — 131  ladder  rungs  were  placed  at  an  average  unit  cost  of  18.4  cts. 
each,  which  includes  grouting  in. 

Placing  Pipe  Hangers. — 124  pipe  hangers  were  placed  at  an  average  unit 
cost  of  27  cts.  each.    This  includes  grouting  in  when  necessary. 

220  pipe  hangers  of  various  sizes  were  made  at  an  average  cost  of  23.5  cts. 

Making  Bolts. — 1,173  bolts  ranging  in  diameter  from  \i  in.  to  l^i  ins. 
and  in  length  from  3^^  ins.  to  35  ins.  were  made  at  an  average  cost,  of  24  cts. 
each.  This  includes  welding  on  heads,  cutting  steel  and  threading  nuts  and 
bolts.  About  one-third  of  the  bolts  were  upset  for  6  ins.  of  their  length  to 
50  per  cent  excess  diameter. 

Drilling  Concrete. — 1,569  holes  were  drilled  in  1:2:4  concrete  from  30  to  90 
days  old  at  an  average  cost  of  1 1  cts.  per  hole.  These  holes  ranged  in  dianaeter 
from  H  ins.  to  1  in.  and  in  depth  from  3  ins.  to  8>i  ins. 

Wood  Conduits. — 840  hu.  ft.  of  6  X  6-in.  wood  conduit  were  placed  at  an 
average  cost  of  38  cts.  per  ft.  This  was  .  a  conduit  of  2-in.  lumber  around  out- 
side of  2-in.  lead  pipe.    It  was  fflled  with  sawdust. 
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LABOR  COST  DATA  OK  WASH  WATER  TANK  IN  1012 

Eartb  Work — ^Excavation. — 694  cu.  yds.  of  very  hard  clay  were  excavated 
with  pick  and  shovel  and  wheeled  in  barrows  at  an  average  unit  cost  of  63.4 
cts.  per  cu.  yd. 

Backfill. — 187  cu.  yds.  of  clay  were  backfilled  at  an  average  unit  cost  of  21.9 
cts.  per  cu.  yd.     This  clay  was  sprinkled  and  tamped  by  hand  in  2-in.  layers. 
Fill. — 6,399  cu.  yds.  of  fill  were  made  at  an  average  cost  of  44|4  cts.  per 
cu.  yd.     This  includes  a  haul  of  1,000  ft. 

Puddle. — 82  cu.  yds.  of  puddle  were  placed  at  an  average  cost  ot  $2.79  per 
cu.  yd.  This  material  was  sprinkled  and  tamped  by  hand  in  layers  ranging 
in  thickness  from  l^i  to  2  ins. 

Form  Work — Transporting  Limiber. — 11,819  ft.  B.  M.  was  transported 
an  average  distance  of  300  ft.  at  a  cost  of  $3.54  per  1,000  ft.  B.  M. 

Walls  and  Foundation. — 14,271  sq.  ft.  of  forms  were  placed  at  an  average 
cost  of  6.6  cts.  per  sq.  ft.  These  forms  were  made  of  2-in.  lumber.  The  cost 
given  includes  all  bracing.    Only  the  area  exposed  to  concrete  is  given. 

Column.  Beam  and  Floor  Beams. — 10,602  sq.  ft.  of  these  forms  were  built 
at  an  average  cost  of  9  ots.  per  sq.  ft.;  2-in.  lumber  was  used,  and  the  cost 
includes  braces  aiKl  clamps. 

Wrecking. — ^23,991  sq.  ft.  of  forms  were  wrecked  at  an  average  cost  of  1.7 
cts.  per  sq.  ft.  This  is  for  the  area  exposed  to  concrete,  and  includes  the 
rmnoval  of  all  clamps,  braces,  etc. 

Reinforcing  Steel — Haulbig. — 57,093  lbs.  were  hauled  an  average  distance 
of  500  ft.  at  an  average  cost  al  85  cts.  per  1,000  lbs. 

Bending. — ^34,332  lbs.  of  reinforcing  steel  were  bent  at  an  average  unit  cost 
at  $1.40  per  1,000  lbs. 

Setting. — ^57,093  lbs  of  steel  were  set  at  an  average  cost  of  $4.55  per  1,000 
lbs.  This  includes  the  wiring  of  all  interesections  of  reinforcing  rods  with 
No.  16  gage  wire. 

Structural  Ste^ — ^Hauling.— 4.74  tons  of  structural  steel  were  hauled  a 
distance  of  800  ft.  at  an  average  cost  of  50  ct8.  per  ton. 

Setting. — 4.74  tons  of  structural  steel  were  set  at  an  average  cost  of  $9.32 
per  ton.    This  includes  hoisting,  riveting  and  boLting  up. 

Concreting. — 636  cu.  yds.  of  concrete  were  placed  at  an  average  unit  cost  ot 
05  cts.  per  cu.  yd.    This  includes  placing  runways,  hoisting,  etc. 

Finlshing.~4,043  sq.  f  t.  of  1 : 2  cement  finish  coat  were  placed  at  an  average 
cost  of  3^i  cts.  per  sq.  ft. 

Brick. — 71.2  M  of  brick  were  placed  at  an  average  cost  of  $19.40  per  M. 
This  includes  the  erection  of  scaffolds,  hoisting,  etc.  Round  tower  bricks 
w&e  used  and  were  laid  in  Flemish  bond. 

Washing  WaUs? — 21  sq.  ft.  of  walls  were  washed  at  an  average  cost  of  1.2 
cts.  per  sq.  ft.     This  includes  the  necessary  scaffolding. 

Roofilng. — 19  squares  of  roofing  were  placed  at  an  average  cost  of  $6.50  per 
square.  This  includes  all  scaffolding.  Since  this  was  a  conical  roof,  the 
shingles  at  the  last  were  very  small.  They  were  placed  on  a  1:2:4  cinder 
concrete. 

Painting. — 1,250  sq.  ft.  of  painting  figured  as  a  single  coat  was  done  at  an 
avoage  cost  of  1^  cts.  per  sq.  ft. 

Cast  Iron  Pipe  and  Specials — Cutting. — Cast  iron  pipe  was  cut  with  cold 
chisels,  two  men  working  on  a  cut.  Three  cuts  were  made  of  12-in.  pipe  at 
28  cts.  each.  Two  cuts  oif  12-in.  pipe  were  made  under  water  at  93  cts.  each. 
One  24-in.  pipe  was  cut  at  70  cts. 
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Calking. — 15  joints  in  12-in.  pipe  were  calked  at  67  cts.  each.  One  24-in. 
joint  was  calked  at  $1.90.  These  figures  include  yarning,  pouring,  heating 
.lead,  etc. 

Laying. — 8.81  tons  of  cast-iron  pipe  and  specials  were  laid  at  an  average 
cost  of  $2.02  per  ton.  This  includes  erection  of  necessary  derricks  and 
scaffolds,  etc. 

Ladder  Rungs. — 10  ladder  rungs  of  H-in.  round  steel  were  made  at  10  cts. 
each  and  set,  including  drilling  holes,  grouting,  etc.,  at  26  cts.  each. 

Cutting  Shingles. — ^3,140  shingles  were  cut  to  fit  conical  roof  at  $28.80  per 
1,000. 

COST  DATA   OF  HAULING   MISCELLANEOUS,   ETC.,  IN   1914 

Hauling — Cement. — 24,590  barrels  of  cement  were  hauled  a  distance  of 
IH  miles  at  an  average  unit  cost  of  lOH  cts.  per  barrel.  70  bags  to  a  load 
were  hauled  over  roads  which  were  very  bad  at  times. 

Sand. — 7,538  cu.  yds.  of  sand  were  hauled  a  distance  ranging  from  300  to 
3,000  ft.  at  an  average  unit  cost  of  46^^  cts.  per  cu.  yd.  IH  cu.  j6b.  made  a 
load.    The  cost  given  includes  all  snatch  team  work. 

Steel.— 438  tons  of  steel  were  hauled  a  distance  al  IH  miles  at  an  average 
unit  cost  of  $1.35  per  mile.  This  cost  includes  loading  and  handling  by  hand. 
Some  of  the  steel  was  in  very  long  sections,  and  all  of  it  was  badly  mixed  in  the 
cars. 

Cast  Iron  Pipe  and  Specials. — 1,195  tons  of  cast  iron  pipe  and  specials  were 
hauled  a  distance  of  1^  miles  at  an  average  unit  cost  of  $1.34  per  ton.  All 
pipe  was  unloaded  by  hand,  no  derrick  being  used. 

Miscellaneous  Castings  and  Machinery. — 191  tons  of  miscellaneous  castings 
and  machinery  were  hauled  a  distance  ranging  from  1^^  to  5  miles,  the  greater 
portion  of  it  being  l\i  miles,  at  an  average  unit  cost  of  $1.67  per  ton.  All  of 
this  material  was  handled  by  hand. 

Lumber  for  Forms. — 239,500  ft.  B.  M.  of  lumber  was  hauled  a  distance 
ranging  from  1,500  to  3,000  ft.  at  an  average  cost  of  $1.61  per  1,000  ft.  B.  M. 
This  material  was  handled  by  hatid  and  was  hauled  in  wagons  not  well  suited 
to  the  purpose. 

Edgings  and  Waste  Material. — 93  loads  of  this  class  were  hauled  a  distance 
ranging  from  900  to  1,500  ft.  at  an  average  imit  cost  of  86^i  cts.  per  load. 
All  work  was  done  by  hand,  and  the  material  was  all  in  small  pieces. 

Recovery  of  Lumber. — 30,500  ft.  B.  M.  of  lumber  was  recovered  at  an 
average  imit  cost  of  $1  per  1,000  ft.  B.  M.  This  includes  the  pulling  out  of 
old  nails. 

LABOB    COST  OF  HAULING   AND   MISCELLANEOUS  WORK  IN    1912 

Hauling. — ^AU  hauling  includes  loading,  unloading,  handling,  etc.  Common 
dump  board  wagons  were  used  in  all  cases. 

Cement. — 8,776  bbls.  of  cement  were  hauled  a  distance  ranging  from  IHo  to 
2^^  miles  at  an  average  cost  of  1 1.6  cts  per  barrel. 

Sand. — 3,137  cu.  yds.  of  sand  were  hauled  a  distance  of  1,200  ft.  at  an. 
average  unit  cost  of  31  cts.  per  cu.  yd.;  49  cu.  yds.  of  sand  were  hauled  a 
distance  of  20,000  ft.  at  an  average  unit  cost  of  $2.15  per  cu.  yd.  The  latter 
sand  was  frozen  to  the  ground  and  had  to  be  picked  loose. 

Cast  Iron  Pipe  and  Specials. — 552  tons  of  cast  iron  pipe  and  specials  were 
hauled  a  distance  of  3\i  miles  at  an  average  cost  of  $1.16  per  ton. 

Miscellaneous  Castings  and  Machinery. — 142  tons  of  miscellaneous  castings 
and  machinery  were  hauled  a  distance  ranging  from  1^  to  4  miles  at  an 
average  unit  cost  of  $1.65  per  ton. 
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Lumber. — 82,000  ft.  B.  M.  of  lumber  was  hauled  a  distance  ranging  from 
300  to  600ft.  at  an  average  imit  cost  of  80  cts.  per  1,000ft.  B.  M. 

Waste  Material. — ^2,104  loads  of  waste  material  were  hauled  a  distance  of 
1,200  ft.  at  an  average  cost  of  60  cts.  per  load. 

Recover  of  Lumber. — 158,900  ft.  B.  M.  of  lumber  was  recovered  at  an 
average  imit  cost  of  $3.73  per  1,000  ft.  B.  M.  This  included  the  pulling  out 
of  nails  and  the  cleaning  off  of  concrete. 

Costs  of  Concrete  Constmction  ia  the  Water  Filtratton  Plaat  at  Niles, 
Ohio. — The  following  data  are  giv^i  by  R.  A.  Boothe  in  an  artide  published 
in  Engineering  and  Contracting,  Oct.  23,  1912. 

Concrete  Mixing.^-The  concrete  plant  consisted  of  a  half-yard  Ransome 
mixer  with  a  batch  hopper.  The  sand  and  gravel  were  shoveled  off 
the  cars  onto  stock  piles  at  a  cost  of  8  cts.  per  ton  and  hauled  from  there  to 
the  mixer  in  barrows,  the  average  haul  being  50  ft.  The  cement  was  unloaded 
directly  from  the  cars  into  the  cement  house  at  a  cost  of  2  cts.  per  bbl.  and 
wheeled  from  there  to  the  mixer. 

The  usual  force  emplojred  on  the  mixer  was  2  men  wheeling  sand,  4  wheeling 
gravel.  1  wheeling  cement,  1  man  on  the  mixer,  and  an  engineer.  The  engineer 
and  the  man  on  the  mixer  received  25  cts.  p&c  hour  and  all  others  20  cts.  This 
made  a  total  cost  per  hour  of  $1.20  and  the  usual  capacity  was  9  cu.  yds.  per 
hour,  making  a  cost  of  13 ^i  cts.  per  cubic  yard  for  mixing.  The  capacity  has 
beoi  as  high  as  12  cu.  yds  per  hour,  being  controlled  by  the  rate  at  which  the 
concrete  was  talcen  away  from  the  mixer,  so  the  above  costs  cannot  be  taken 
as  the  capacity  of  the  phmt  or  the  cheapest  possible  costs. 

Concrete  Floors. — All  of  the  floors  were  in  two  layers,  the  bottom  one  being 
8  ins.  thick  and  the  upper  one  4  ins.  thick,  the  upper  one  being  laid  after  the 
walls  were  up. 

The  bottom  floor  was  laid  in  alternate  strips  8  ft.  wide  and  16  ft.  and  30  ft. 
long,  all  joints  b^ng  broken.  The  lower  floor  for  the  oitire  plant  was  laid 
before  any  of  the  walls  were  started,  2  X  6-in.  keys  being  placed  for  all  walls. 
This  floor  was  made  of  a  1 :2H  :5  mix,  using  river  sand  and  gravel.  The 
pedestals  for  all  of  the  columns  were  built  with  the  floor. 

For  the  floors  the  concrete  was  dropped  from  the  mixer  down  a  chute  into 
barrows  and  wheeled  into  place. 

Cost  of  labor  (m  forms  for  screen  boards  and  runs  on  lower  layer  of  floor: 


• 


-Costr 


Per  Per 

Item                                                                                                   sq.  yd.  cu.  yd. 

3  carpenters,  67  hrs.  at  25  cts $50.  25  $0. 038  $0. 172 

1  foreman,  53  hrs.  at  50  cts 26.  50         02  .09 

TotalB $76.  75  $0. 058  $0.  262 

CkMt  of  labor  on  concreting  lower  layer  of  floors: 


-Cost- 


Per 

Item  cu.  yd. 

14  men,  47  hrs.  at  20  cts $105. 60  \ 

4  men,  41  hrs.  at  25  eta 41.00/     $0,591 

1  superintendent,  41  hrs.  at  50  ctA 20.  50           .  07 

Water  boy,  41  hrs.  at  10  cts 4. 10           .014 

2  finishers,  50  hrs.  at  20  cts 20. 00 1 

1  finisber,  38  hrs.  at  25  cts 9. 50  /         .101 

Totals $226. 70       $0.  776 

Or  $0. 173  per  square  yard. 

31 
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Labor  Cost  of  Forma,  Placing  Reinforcement  and  Concrete  CotigtUating  Baaina. 
— As  soon  as  the  floors  were  laid  the  walls  of  the  basins  were  started.  In 
building  these  one  end  and  half  of  each  side  were  built  together,  then  the  other 
end  and  the  balance  of  the  sides,  and  last  the  dividing  wall  and  baffles.  All 
were  built  in  5-ft.  lifts.  The  outside  walls  are  16  ins.  thick  at  the  top  and 
20  ins.  thick  at  the  bottom,  the  latter  being  on  the  inside.  On  top  they 
haye  an  overhang  of  26  ins.,  which  with  the  wall  gives  a  42-in.  walk,  6  ins.  thick. 
The  dividing  wall  is  of  the  same  construction  while  the  baffles  are  6  ins.  thick 
with  an  18-in.  walk  on  top.  The  walls  are  all  tied  together  by  five  18  X  12-in. 
beams  which  extend  across  both  basins. 

For  reinforcing,  the  outside  walls  have  J^-ia.  rods  5  ins.  on  colters  for  out- 
side verticals,  and  \i-m.  rods  8  ins.  on  centers  for  the  inside  verticals,  with . 
^i-in.  rods  9  ins.  on  centers  for  the  horizontals  on  both  sides.  The  dividing 
wall  has  ^6-in.  rods  5  ins.  on  centers  for  verticals  on  both  sides  and  ^^in. 
rods  0  ins.  on  centers  for  the  horizontals.  The  baffle  walls  are  reinforced 
with  expanded  metal  weighing  0.6  lb.  per  foot.  The  ^-in.  rods  in  the  walls 
are  made  long  enough  to  be  bent  over  to  reinforce  the  walks.  In  addition  the 
walks  have  three  ^-in.  rods  along  their  edges.    All  rods  are  corrugated. 

The  average  inside  dimensions  of  each  basin  are  97  ft.  X  34  ft.  8  ins.  and 
20  ft.  3  ins.  deep  with  a  high  water  mark  18  ins.  below  the  top. 

For  the  wall  forms  sheets  10  ft.  wide  and  the  full  height  of  the  wall  were 
built  of  ^in.  tongue  and  grooved  stuff  on  2  x  6-in.  studding  spaced  18  ins. 
centers.  These  were  used  for  the  outside  forms  and  were  placed  and  braced 
in  position,  then  the  steel  was  placed.  For  this  spikes  were  driven  in  the 
forms  for  every  fifth  vertical  rod  and  the  head  allowed  to  extend  out  2  ins. 
These  rods  were  wired  to  the  spikes,  then  a  horizontal  rod  at  the  top  and 
another  at  the  bottom  were  wired  to  these,  then  the  rest  of  the  vertical  rods 
were  placed  and  wired  to  the  horizontals,  and  then  the  rest  of  the  horizontals 
were  placed.  For  the  inside  reinforcing  wooden  spacers  were  used  instead  of 
spikes.  These  were  fastened  to  the  outside  forms  and  were  removed  before 
the  concrete  was  placed.  On  the  inside  the  horizontal  rods  were  carried  up 
with  each  lift  as  they  would  have  interfered  with  the  dumping  of  the  concrete 
if  they  had  been  placed  any  higher. 

After  the  steel  was  placed  the  inside  sheets  were  placed.  These  were  4  ft. 
high  and  16  ft.  long.  Wooden  spacers  were  used  between  the  forms  and  two 
strings  of  4  X  4-in.  waling  were  placed  on  each  side.  No.  10  wire  was  carried 
through  the  forms  around  the  waling  and  twisted  on  the  inside.  On  top  of  the 
4-ft.  sheet  a  false  sheet  1  ft.  high  was  used.  It  was  used  so  that  the  4-ft. 
sheet  could  be  removed  and  placed  on  top  for  the  next  lift,  the  wiring  in  the 
false  sheet  holding  it  solidly  in  place. 

The  runways  were  built  with  4  X  4-in.  uprights  placed  about  6  ft.  frQin 
the  forms.    These  were  the  full  height  of  the  wall  and  were  X-braced  to- 
gether.   Ledgers  were  spiked  across  from  the  forms  to  the  uprights  and  the 
runway  plank  placed  on  these.    These  were  raised  for  every  new  lift.     The 
runway  ran  around  the  inside  of  the  basins  and  back  to  the  mixer;  this  grave 
a  continuous  circuit  for  the  wheelers.     The  concrete  was  dropped  from  the 
mixer  down  a  chute  into  the  barrows  until  the  height  of  the  mixer  was  reached 
and  then  It  was  wheeled  direct.    In  building  the  outside  walls  keyways  and 
2-ft.  stubs  of  steel  were  placed  for  the  dividing  and  baffle  walls,.    As  each  lift 
was  built  it  was  stepped  back  2  ft.  from  the  end  of  the  preceding  one  so  that 
there  would  not  be  a  continuous  vertical  joint  the  height  of  the  wall.    Wlien 
the  concrete  reached  the  height  of  the  outlet  box  a  section  was  left  out  and  this 
was  bufit  with  the  boxes. 
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Cost  of  labor  on  forms  for  coagulating  basins 

BuOding  sheets: 

Item.  Cost 

11  men,  6  hrs.  at  20  cts , $13. 20 

5  men,  30  hrs.  at  25  cts 37.50 

2  men,  18  hrs.  at  35  cts 12. 60 

Superintendent  27  hrs.  at  50  cts 13.50 

Water  boy  20  hrs.  at  10  cts 2.00 

Total  cost $78.80 

Or  $0. 014  per  sq.  ft.  of  form  surface;  or  $0. 105  per  ou.  yd.  of  c^pnorete. 

Cost  of  labor  on  erecting  forms  and  runs  and  wrecking  same: 

Item.  Cost 

5  men,  168  hrs.  at  20  cts v    $168.00 

7  men,  190  hrs.  at  25  eta 332. 50 

2  men,  190  hrs.  at  35  cts 133.  60 

Foreman.  160  hrs.  at  50  cts 80. 00 

Water  boy,  100  hrs.  at  10  cts 10.00 

Total  cost $726.  60 

Cost,  $1. 802  per  cu.  vd. 

Cost,  $0. 052  per  sq.  ft.  of  concrete  surface. 

Cost  of  placing  58,100  lbs.  of  steel  for  basins: 

Item.  Cost 

4  men,  54  hrs.  at  20  cts $  43. 20 

7  men,  50  hrs.  at  25  cts 87.  60 

2  men.  42  hrs.  at  35  cts 28. 40 

Superintendent,  33  hrs.  at  50  cts 16.  50 

Water  boy,  33  hrs.  at  10  cts 3.30 

Total  cost $178. 90 

Cost,  $0. 0031  per  lb.,  or  $6.20  per  ton. 

^kwt  of  labor  on  concreting  walls  of  basins: 

Cost 


Per 
Item.  cu.  yd. 

19  men.  44  hrs.  at  20  cts $167.  20  \ 

4  men,  44  hrs.  at  25  cts 44.00/  $0,490 

Superintendent,  44  hrs.  at  50  cts 22.00  055 

Water  boy,  44  hrs.  at  10  cts 4.40  .011 

Totals $287. 60       $0.  546 

Cost  of  labor  on  forms  for  outlet  boxes: 

Item.  Cost 

2  carpenters.  70  hrs.  at  35  cts $  49. 00 

2  carpenters,  70  hrs.  at  30  cts 42. 00 

4  carpenters,  70  hrs.  at  25  cts 70. 00 

1  foreman,  70  hrs.  at  50  cts 35.  00 

$196. 00 
cost  of  walls  included 34. 00 


Total $162.  00 

Cost  per  cu.  yd..  $10. 80. 

Labor  Cost  o/Fortnt  and  Concreting  Clear  Well. — The  inside  dimensions  of  the 
dear  well  are  26  ft.  4  ins.  X  72  ft.  8  ins.  and  it  Is  11  ft.  deep.    The  method  of 
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construction  here  was  almost  the  same  as  that  used  on  the  basins  except  that 

the  walls  were  built  the  full  height  instead  of  in  5-lt.  lifts.    For  the  forms  the 

large  sheets  that  had  been  used  on  the  basins  were  cut  down  and  used  for 

both  sides,  all  of  the  walls  being  poured  at  one  operation. 
Cost  of  labor  on  clear  well  forms: 

Item.  Coet 

3  men  22  hrs.  at  20  ots $13.20 

8  men,  47  hrs.  at  25  cts 94. 00 

2  men,  48  hrs.  at  35  cts 33. 60 

Foreman,  46  hra.  at  60  cts 23.00 

Water  boy,  20  hrs.  at  10  cts 2. 00 

Total $165. 80 

Coet  per  cu.  yd.,  $1,842. 

Cost  per  sq.  it.  of  concrete  surface,  $0. 05. 

Cost  of  labor  for  concreting  clear  well: 

Item.  Coet 

20  men,  12  hrs.  at  20  cts $  48. 00 

4  men,  12  hrs.  at  25  cts 12. 00 

Superintendent,  12  hrs.  at  50  cts 6. 00 

Water  boy,  12  hrs.  at  10  cts 1. 20 

Total $  67.20 

Cost  per  cu.  yd.,  $0,747. 

Labor  Coat  of  Column  Forma. — Fourteen  columns,  14  X  14-in8.  and  11-ft. 
long  support  the  roof  of  the  clear  well.  The  colunm  side  forms  were  built 
in  one  piece  and  were  held  together  with  2  X  4-in.  cltunps  and  wedges. 

Cost  of  labor  on  forms  for  14  columns: 

Item.  Cost 

2  men,  22  hrs.  at  25  cts $11. 00 

2  men,  25  hrs.  at  35  cts 17.  60 

Total $28.  60 

Coet  per  column,  $2.04. 
Coet  per  cu.  yd.,  $4.07. 

Labor  Coat  of  Forma  and  Concreting  Filtera. — Each  filter  ^as  built  complete 
including  floors  and  walls  and  wallcs,  and  all  poured  at  one  pouring.     The 
filter  blocks  and  troughs  were  placed  after  the  forms  were  removed.     In 
building  the  forms  all  of  the  sides  were  built  in  sheets,  the  old  sheets  used  on 
the  pump  room  and  clear  well  walls  being  used  and  cut  down.    The  outside 
and  sheets  inside  the  channels  were  placed  first.    These  rested  on  the  concrete. 
Then  the  steel  was  placed  and  next  the  inside  sheets  were  placed.     The  latter 
were  set  on  4-in.  concrete  blocl»  so  as  to  form  the  floor.    The  walks  .were 
built  on  2  X  4-in.  braclcets  built  out  from  the  sheets  and  covered  with  H^in. 
tongue  and  groove  flooring.     Rebate  boxes  were  placed  for  the  cross  troughs. 
When  the  concrete  was  placed  the  floors  were  placed  flrst  with  a  mixture  that 
was  dry  enough  to  tamp  and  show  water  on  the  surface.     Then  the  walls  were 
poured  and  as  the  inside  forms  were  4  ins.  off  of  the  bottom  the  concrete  ran 
through  and  bonded  with  the  floor.    The  walls  were  poured  very  wet  and  were 
well  worked.     It  was  found  that  in  places  the  concrete  would  boil  out  und^* 
the  inside  forms  but  this  was  left  until  the  next  day  and  then  chipped  off 
before  it  was  too  hard;  at  this  time  the  floors  were  also  trinuned  up  to  alevti 
grade  as  they  were  always  rough  and  uneven.    The  forms  were  braced  a<ao88 
the  filters  and  also  had  walings  and  wires  in  them. 
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sand  ejector  was  purchased  and  was  used  to  transfer  the  sand  from  one  bed 
to  another  during  the  reconstruction  work.  This  outfit  proved  satisfactory, 
and  saved  a  great  deal  of  the  expense  of  manual  labor  that  would  have  other- 
wise been  necessary  in  handling  the  sand. 

Late  in  the  fall  of  1914,  Filter  No.  2  was  reconstructed  before  the  sand 
handling  apparatus  was  installed.  The  cost  of  rebuilding  this  filter,  the  same 
as  in  the  case  of  Filter  No.  10,  which  was  rebuilt  during  the  previous  year, 
was  much  in  excess  of  the  cost  of  reconstructing  the  remaining  26  filters  of  the 
plant. 

On  Dec.  16,  1014,  active  work  was  commenced  on  the  remaining  26  filters 
and  they  were  completed  on  March  9,  1016.  The  laborers  doing  this  work 
were  the  men  from  the  reservoir  force,  and  they  carried  on  all  the  other  work 
of  the  plant  in  conjunction  with  this  work  of  rebuilding  the  filter  beds.  In 
consequence,  they  were  not  employed  continuously  on  the  reconstruction 
work,  but  gave  it  as  much  attention  as  they  were  able,  in  order  to  complete  it 
as  soon  as  possible. 

Substantial  screens  were  built  to  be  used  in  grading  the  gravel.  These 
screens  were  necessary,  not  only  to  separate  the  various  sizes  of  new  gravel 
needed  for  increasing  the  depth  of  the  bed,  but  also  to  regrade  the  original 
gravel  removed  from  the  filter  tanks.  The  grading  and  regrading  of  the 
gravel  proved,  if  anything,  more  expensive  than  any  other  part  of  the  work, 
since  handling  and  rehandling  the  gravel  was  unavoidable. 

The  gravel  layers  placed  in  the  bed  were  graded  as  follows: 

Depth  of 
Size  of  separation  layer,  in. 

Passed  a  2-in.  and  retained  on  a  1-in.  screen 2 

Passed  a  1-in.  and  retained  on  a  ^-in.  screen 2 

Passed  a  H-in.  and  retained  on  a  >^-in.  screen 3 

Ptissed  a  H-in*  ^nd  retained  on  a  K-in.  screen 4 

Passed  a  yi-in.  screen 3 

Thirty  inches  of  sand  were  placed  directly  on  top  of  the  finest  gravel  layer. 
No  new  sand  was  used,  except  about  6  or  7  cu.  yd.  in  the  last  filter  rebuilt. 
The  sand  now  has  an  effective  size  of  0.38  m.m.  and  a  uniformity  coefficient 
of  1.36. 

The  sand  received  no  cleaning  other  than  what  it  may  have  obtained  in 
being  transferred  from  one  bed  to  another.  The  handling  of  the  sand  was  so 
arranged,  that  the  removal  of  sand  from  one  bed  was  the  operation  that 
transferred  it  to  a  reconstructed  bed.  Two  handlings  of  the  sand  were  thus 
avoided. 

In  order  not  to  disturb  the  gravel,  the  sand  shoveled  into  the  ejector  was 
discharged  into  a  galvanized  iron  i>ocket  swung  between  the  wash  troughs  and 
above  the  newly  laid  gravel  bed.  The  velocity  of  the  escaping  water  was 
thus  r^uced,  and  no  disturbance  of  the  gravel  resulted.  A  systematic  method 
for  cleaning  the  filtered  water  channels  under  the  brass  strainer  plates  was 
followed.  Plates  over  the  riser  pipes  were  removed,  and  at  the  ends  of  the 
tank.  Caps  on  the  manifold  headers  under  the  filters  were  removed.  Any 
sand  that  may  have  gotten  down  into  the  effluent  piping  was  flushed  back  with 
the  wash  water  out  of  the  open  ends  of  the  manifolds.  Hose  streams  were 
used  to  wash  out  the  channels  under  the  plates,  and  any  sand  in  them  was 
washed  down  the  riser  pipes  and  out  of  the  ends  of  the  headers. 

Every  hole  in  the  strainer  plates  of  each  filter  was  opened  up  by  pushing  a 
sharp  piece  of  stc^l  into  it.  Any  incrustation  or  lodged  sand  particles  were 
thus  removed.    Many  hook  bolts  were  replaced  that  had  been  broken,  either 
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in  the  couise  of  operation  of  the  filter,  or  from  having  been  originally  strained 
too  hard  in  placing  them  in  the  first  place.  Any  plate  that  was  improperly 
grouted  was  repaired,  and  the  plates  that  had  to  be  removed  were  carefully 
cemented  back  in  place. 

As  the  increased  depth  of  the  gravel  has  brought  the  sand  surface  nearer 
the  edge  of  the  wash  troughs,  the  wash  water  valve  has  had  to  be  reset,  so  as 
to  give  a  velocity  of  wash  water  of  less  than  2  ft.  per  minute.  The  velocity  of 
wash  water  is  now  about  18  in.  p^  minute. 

The  estimated  cost  of  reconstructing  the  filter  beds  was  $8,500.  Obviously 
there  was  not  very  much  exact  information  on  which  to  base  an  estimate.  The 
handling  of  the  gravel  proved  to  be  the  most  expensive  part  of  the  work. 
Gravel  also  cost  an  average  of  $1.62  per  ton  instead  of  the  $1.39  per  ton  used  in 
the  estimate.  The  actual  cost,  as  nearly  as  it  is  possible  to  get  at  it.  appears 
to  have  been  $9,502.76.  This  gives  a  total  cost  per  filter  of  $339.38.  which  is 
equivalent  to  a  cost  of  24.2  ct.  per  square  foot  of  filter  area.  There  is  a  credit 
against  the  above  cost  for  150  tons  of  gravel  left  over  and  having  a  value  of 
$1.62  POT  ton,  or  a  total  of  $243.  From  the  sale  of  old  brass  wire  cloth,  there 
was  a  saving  of  the  scn^  value  of  38,125.5  lb.,  having  an  estimated  value  of 
$3304.60.  Adding  these  two  items  together  makes  a  total  credit  of  $3,547.60, 
which  if  deducted  from  $9,502.76,  leaves  a  net  cost  to  the  city  of  $5,955.16 
lor  this  reconstruction  work.  This  is  equivalent  to  $205.54  per  filter,  or  15.2 
et.  per  square  foot  of  filter  area. 

The  cost  of  the  various  items  was  as  follows: 

Quan- 
Operation  tity      Hours  Costs 

Removing  old  gravel 3,936       $     996.  75 

Screening  old  gravel 3,890  985.  25 

Removing  strainer  plates  over  risers 645  163.12 

Cleaning  out  holes  in  strainer  plates 1 ,  631  458.  32 

Flushing  out  filtered  water  channels 571  144. 62 

Rei^Acing  strainer  plates 1 ,  778  450. 15 

Replacing  gravel 3,910  990.25 

Transferring  sand  with  ejector 1,218  308.22 

Pump  and  sand  ejector  operated 304. 3  48.  77 

Sere^iing  new  gravel 2,885  724.  85 

Unloading  new  gravel  from  cars 192  48.  77 

Loading  and  unloading  g^vel  from  team 1 ,416  355. 80 

Hauling  with  team 307  153. 50 

Labor  ojf  machinst  on  header  caps 69  34. 50 

Labor  of  machinst's  helper 82  21 .  57 

Common  labor  on  header  caps 665  169.  30 

Foreman's  time  (65  per  cent) 650. 00 

B119  used  up  in  hauling  gravel 2,000 100. 08 

Reconstruction  of  Filters  Nos.  2  and  19 819. 37 

Gravel  purchased  (tons) 1 ,159 1 ,879. 57 

Total  cost  of  reconstructing  28  filters $9 ,  502 .  76 

Common  labor  cost  $2  per  8-hour  day  until  Feb.  1,  1916,  after  which  it  was 
$2.25  per  day.  The  machinist  was  paid  50  ct.  per  hour  and  the  machinist's 
htiper  $2.25  per  day.  The  team  cost  50  ct.  per  hour.  The  water  used  was 
valued  at  $7  per  1,000,000  gal.  The  cost  of  power  was  placed  at  $0,086  per 
hour;  or  using  180  gal.  per  minute  for  sand  ejecting,  the  cost  for  power  and 
water  was  16c  per  hour. 

Cost  of  Treating  Rlter  Water  With  Copper  Sulphate. — The  followhlg 
matter  is  taken  from  an  abstract,  published  in  Engineering  Record,  July  26, 
1913,  of  a  paper  presented  before  the  American  Waterworks  Association  at 
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Minneapolis  by  Frederick  H.  StOYer»  Bacteriologist  and  Chemist,  LoiisvlUe 
Water  Company. 

The  chief  functions  of  water  filters  being  the  removal  of  bacteria  and 
suspended  matter  the  natural  inference  would  be  that  the  operation  of  the 
plant  would  be  easiest  at  the  times  when  these  substances  are  present  in  least 
amount.  Many  filter  superintendents,  however,  find  that  such  is  not  always 
the  case  and  that  warm  weather  and  dear  water  bring  troubles  peculiarly  their 
own.  The  usual  symptoms  of  these  troubles  are  marked  shortening  in  the 
length  of  the  filter  runs  and  the  prevalence  about  the  filter  beds  of  a  pro- 
nounced odor,  varying  from  "grassy"  to  "fishy"  in  nature.  Microscopical 
examination  of  the  water  at  such  times  usually  reveals  the  presence  of  numer- 
ous minute  forms  of  the  type  generally  classified  by  waterworks  men  as  "  micro- 
organisms," which,  in  the  waters  of  the  Ohio  River,  are  principally  diatoms, 
with  a  few  algae  and  miscellaneous  forms  present. 

The  water  of  the  Ohio  River,  when  of  a  turbidity  below  30  parts  per  million, 
almost  invariably  causes  decreases  in  the  length  of  the  filter  runs.  If  such 
turbidities  are  accompanied  by  micro-organism  and  much  amorphous  matter, 
still  greater  decreases  follow.  Filter  runs  may  be  greatly  increased  by  the 
judicious  use  of  copper  sulphate,  although  after-growths  of  bacteria  sometimes 
follow  its  application  and  must  be  guarded  against. 

With  the  copper  sulphate  (CuSOi)  applications  markedly  favorable  results 
have  been  secured  in  all  but  one  instance,  and  even  in  this  case  the  results 
caimot  be  said  to  have  been  negative,  as  the  runs  were  kept  at  6  hours  and 
above  under  conditions  when  much  lower  ones  might  have  been  expected,  and 
probably  would  have  occurred  had  not  the  copper  been  used.  The  minimum 
length  of  runs  reached  at  this  time  was  5  hours,  which  occurred  9  days  after 
this  dosing. 

Within  24  hours  after  the  application  of  the  copper  there  was  in  each  in- 
stance a  noticeable  increase  in  the  length  of  the  filter  runs  and  that  these 
lengthened  runs  continued  for  periods  varying  from  8  to  19  days  in  length. 

The  copper  was  applied  in  the  second  sedimentation  basin  and  in  the  coagu- 
lant basin  by  dragging  bags  of  it  from  a  boat. 

The  decreases  in  the  length  of  the  filter  runs  of  course  cause  correspondingly 
large  increases  in  the  amounts  of  wash  water  used.  During  the  year  1912 
the  average  amount  of  wash  water  used  at  Louisville  was  2.05  per  cent — thB 
lowest  average  for  any  one  month  being  1.44  per  c^it.  During  the  periods  of 
shortened  filter  runs,  however,  the  amounts  will  vary  from  6  to  10.7  per  cent. 

Small  doses  of  hypochlorite  of  lime  do  not  afifect  these  micro-organisms  in 
such  a  way  as  to  increase  the  length  of  the  filter  runs.  The  determination  of 
the  time  of  filtration  of  samples  of  water  through  small  laboratory  filters  wiU 
in  some  instances  enable  the  operator  to  select  the  water  from  that  point  of 
his  system  which  will  give  the  longest  filter  runs. 


Amount  and  Cost  of  Copper  Sulphate  Treatment 


— CuS04  used- 
Date              Pounds  P.p.m. 

Aug.  20,  1910..       650  1.3 

May  27,  1911..       735  1.3 

June  15,  1911. .      1000  1.7 

June  10,  1912. .        625  1.2 


Effects 

lasted 

(days) 

19 
10 

9 

9 


Total 
cost 

$31.20 
36.00 
49.00 
30.60 


Cost  per  mil.  gal. 
Doeed    Treated 


$0.50 
0.52 
0.70 
0.49 


$0,065 
0.104 
0.217 
0.132 


•Value 
wash 
water 
saved 

$149; 76 
228.50 


*At  $30  per  million  gallons. 
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Opemting  Costs  of  Filtration  Plants. — The  foUowing  data  are  taken  from 
Stein's  "Water  Purification  Plants"  (1915). 

Perhaps  the  largest  single  factor  affecting  the  cost  of  operation  at  filtration 
plants  is  the  amount  of  coagulant  used.  This  varies  with  the  quality  of  the 
raw  water,  and  increases  greatly  when  the  water  is  softened.  The  labor  cost 
increases  with  the  size  of  plant  from  the  smallest  to  plants  of  perhaps  10,000,- 
000  gallons  x^apadty,  after  which  the  cost  per  million  gallons  decreases. 
Against  the  cost  of  filtering  should  be  charged  the  cost  of  pumping  the  water 
against  the  head  lost  in  filtration,  which  is  generally  from  10  to  15  feet. 
The  following  are  typical  examples  of  the  cost  of  filtration  in  plants  of 
various  sizes: 

Example  No.  1.  Cost  of  Coagvlaiion  and  Sedimentation  at  St.  Louist  Mo. — 
The  treatment  consists  of  coagulation  with  lime  and  iron  sulphate,  followed 
by  sedimentation  in  large  basins.  The  source  of  supply  is  the  Mississippi 
River  below  the  mouth  of  the  Missouri,  consequently  a  very  high  turbidity 
prevails  much  of  the  time.  The  average  amounts  of  chemicals  used  in  1011 
were  5.77  grains  per  gallon  of  lime  and  2.70  grains  per  gallon  of  iron  sulphate. 

Cost  op  Purification  per  Million  Gallons  (1910-1911) 

Lime $1 .  967 

Sulphate  of  iron 1 .  969 

Unloadiiig 0. 094 

Operating  and  maintenance  (labor) 0. 378 

Repairs 0. 030 

Water,  coal,  oil,  etc 0. 047 

Light  and  power 0. 098 

Water  analyses  (chemist's) 0. 172 

Total $4. 756 

The  average  daily  pumpage  was  about  86,000,000  gallons. 

Example  No.  2.     Co»t  of  Filtration  at  Harriehurg^  Penna. — This  is  a  standard 

type  mechanical  filtration  plant.     The  pumpage  for  1911  averaged  8,205,684 

S^oDs  per  day.    The  average  amount  of  coagulant  used  was  0.7  grain  per 

gallon. 

Cost  of  Purification  pur  Million  Gallons  (1910-1911) 

Coagulant $1.22 

Fuel  (low  service) 0. 86 

Supplies 0. 28 

Materials  and  repairs 0  36 

Oil  and  waste 0  07 

Laboratory 0. 43 

Labor 2.77 

Total $5. 99 

Example  No.  3.  Coat  of  Filtration  at  a  Typical  Small  Plant. — Daily  pump- 
age, 2,000,000  gallons.  Water  slightly  acid  at  times,  requiring  the  use  of 
soda  ash.  Average  amounts  of  coagulant  used  0.7  grain  per  gallon  of  alum, 
0.5  grain  per  gallon  of  soda  ash. 

Cost  of  Purification  per  Million  Gallons 

Alum $1. 25 

Soda  ash 86 

Fuel  Oow  service)  * 73 

Supplies,  oil,  and  waste 42 

Repairs 07 

Labor 2.00 

Total $5. 33 

*  Cost  of  pumping  the  additional  head  lost  in  the  filtration  plant. 
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Example  No.  4.  Coat  of  Purification  in  a  Large  Softening  Plant.  — T>dS!Lj 
pumpage,  50,000,000  gallons;  lime  used,  8  grains  per  gallon;  iron  sulphate, 
1  grain  per  gallon.  Plant  is  equipped  with  conyeyors,  automatic  scales,  and 
other  labor-saving  devices. 

Cost  of  Purification  per  Million  Gallons 

Lime $2.71 

Iron  sulphate 0. 72 

Labor 0. 69 

Material,  supplies,  and  repairs 0.  56 

Laboratoiy 0. 12 

Low-service  pumpage* 0. 40 

$5.20 
*Co6t  of  pumping  the  additional  head  lost  in  the  filtration  plant. 

Cost  of  Water  Purification  at  Cincinnati,  O. — (Engineering  and  Contracting 
Jan.  14,  1920).  The  average  cost  of  operating  and  maintaining  the  filter 
plant  of  Cincinnati,  O.,  for  the  10-year  period  1908-17  has  been  $3.96  per 
1,000,000  gal.  of  filtered  water  delivered  for  consumption.  This  total  consists 
of  $1.66  for  coagulating  chemicals,  36  ct.  for  maintenance  and  $1.94  for  other 
operating  costs,  principally  labor  charges.  The  following  table,  from  the 
1917-18  report  of  the  Water  Department  summarizes  the  cost  since  the  plant 
was  started: 

Operating  Costs  pkr  Million  Gallons 

-Operation- 


Coagu-      All  other 
lating       operating     Mainte- 
Year  chemicals        costs  nance  Total 

1908 $1.72  $2.47  $0.05  $4.24 

1909 1.89  2.28  .09  4.26 

1910 1.93  1.98  .28  4.19 

1911 1.86  1.91  .35  4.12 

1912 1.78  1.68  .38  3.84 

1913 1.67  1.77  .48  3.92 

1914 1.21  1.78  .39  3.38 

1915 1.43  1.86  .76  4.05 

1916 1.27  1.80  .38  3.45 

1917 1.86  1.85  .40  4.11 

1918 2.12  2.37  .67  6.16 

The  increase  in  maintenance  in  1915  was  largely  due  to  cost  of  reconstruct- 
ing the  filter  beds  which  item  amounted  to  $0.84  per  1,000,000  gals.  Another 
unusual  item  in  that  year  was  the  cost  of  repairing  roofs  which  amounted  to 
$0.07  per  1,000,000  gals. 

The  average  period  of  service  has  been  between  22  to  23  hours.  The  time 
required  for  washing  a  filter  has  been  from  3.75  to  4.50  minutes.  The  amount 
of  wash  water  amounts  to  from  1  to  2.75  per  cent  and  averages  about  1.75  per 
cent  of  the  total  water  filtered. 

Cost  of  Operation  and  Comparative  Cost  of  Chemicals  for  Columbus,  O., 
Purification  Works. — The  total  expense  for  operating  and  maintenance  of  the 
water  softening  and  purification  works  of  the  city  of  Columbus,  O.,  for  1916 
was  $199,299,  of  which  $24,902  was  for  labor  and  supervision,  $168,346  for 
chemicals  and  $6,051  for  general  supplies.  The  cost  of  purification  per 
1 ,000,000  gal.  delivered  to  consumers  was  $27.75.    The  quantities  and  costs  of 
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$19.00 
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17.60 

423 

18.00 

•  • 

5.42 

1,776 

17.60 
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17.60 

•  • 
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5.27 

1.583 

15.20 

895 

17.15 

22 

$27.80 

6.17 

2,895 

12.88 

711 

17.10 

17 

27.80 

5.27 

3,540 

13.30 

880 

16.76 

14 

29.20 

5.17 

2,383 

15. 14 
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•16.60 
t7.27 

22 

34.80 

5.17 
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chemicals  used  at  the  works  during  the  9  years,  1909  to  1917,  indusive,  as 
given  in  Engineering  and  Contracting,  June  12,  1918,  have  been  as  follows: 

^Lime Soda  ash Alum Bleach 

Cost  per  Cost  per  Cost  per  Coet  per 

Year  Tons       ton       Tons       ton       Tons       ton       Tons       ton 

1909.. 2,467 

1910 3,081 

1911 3,860 

1912 3,296 

1913 3,629 

1914 4.650 

1915 3,970 

1916 4,550 

1917 4,206 

*  Crystal  alum  purchased  in  open  market,     f  Cost  of  materials. 

Cost  of  Operation  of  Filter  Plant  of  Erie,  Pa. — The  following  data  are 
taken  from  Engineering  and  Contracting,  July  11,  1917.  The  rapid  sand 
filtration  plant  of  Erie,  Pa.,  filtered  6,881,170,000  gal.  of  water  in  1916.  Com- 
pared with  1916  this  is  an  increase  of  1,066,600.000  gal.  or  18.34  per  cent. 
At  times,  especially  during  the  months  of  July  and  August,  the  plant  was 
operated  as  high  as  36  per  cent  above  its  normal  capacity.  While  operating 
above  normal  capacity  no  decrease  was  noted  in  the  high  efficiency  obtained 
while  operating  at  normal  rates.  It  required  304, 63 1  lb.  of  aluminum  sulphate 
to  treat  all  the  water  filtered;  expressed  in  grains  per  gallon  is  equal  to  .31. 
This  is  an  increase  of  60  per  cent  over  the  amount  required  per  gallon  in  1916. 
The  increased  turbidity  of  the  water  treated  made  the  increase  in  coagulant 
necessary.  Total  hypochlorite  of  calcium  used  27,138  lb.  or  3.9  lb.  per 
1,000,000  gal.  treated.  In  washing  the  filters,  129,100,000  gal.  of  filtered 
water  were  used.  This  is  1.88  per  centof  the  total  filtered.  The  cost  of 
operation  and  maintenance  for  1916  was  $13,868;  cost  per  1,000,000  gal. 
filtered  $2.02.     Cost  of  operation  and  maintenance  is  divided  as  follows: 

Labor  and  supervision $  6, 539.  20 

Alum ^ 4,658.89 

Hypo 1 ,045.  71 

Wash  water 1 ,050. 40 

Maintenance  of  plant  and  laboratories 673. 77 


*er  cent 

47. 

1 

33. 

6 

7. 

6 

7. 

6 

4. 

1 

$13,867.97*       100.0 
*  Does  not  include  low  duty  pumping,  light,  heat  or  pressure  water. 

Cost  of  Filtering  Water  at  Grand  Rapids. — (Engineering  and  Contracting, 
Aug.  14.  1918). 

The  cost  of  filtering  water  at  Grand  Rapids,  Mich.,  increased  from  $14.87 
per  1.000,000  gaL  for  the  year  1916-17  to  $18.84  in  1917-18,  according  to  the 
annual  report  of  Walter  A.  Sperry,  chief  chemist  of  the  filter  plant.  Com- 
parative figures  on  the  operating  costs  for  the  last  four  years  are  given  in  the 

report,  as  follows: 

1917-18  1916-17  1915-16  1914-16 

Wages $4.86  $4.26       $4.48       $3.57 

Chemicals 10.06  7.37           5.10           4.76 

Power 2.23  2.26           2.17           2.14 

House  water .20       

Supplies  and  repairs 1. 49  .98           1.11             .86 

Total $18.84       $14.87       $12.86       $11.33 
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The  Grand  Rapids  plant  was  put  in  operation  November,  1912.  The 
method  of  treatment  is  lime  softening  followed  by  mechanical  filtration. 

According  to  Engineering  News-Record,  Aug.  30,  1917,  the  amount  of 
wash  water  for  this  plant  has  averaged  about  2%  of  the  total  amount  of 
water  treated. 

Eleven  Years*  Operating  Results  of  Filter  Plant. — The  filtration  plant  of 
Harrisburg,  Pa.,  has  been  in  continuous  operation  since  its  completion  in 
October,  1906.  The  following  table,  published  in  Engineering  and  Contract- 
ing, Sept.  12,  1917,  shows  the  average  turbidity,  coagulants,  length  of  runs  and 
percentage  of  wash  water  during  this  period : 


Turbidity 
parts  per 

Year  million 

1906. 101 

1907 76 

1908 62 

1909 42 

1910 19 

1911 32 

1912 59 

1913 56 

1914 33 

1915 85 

1916 60 

Average 56 


Sulphate 

Calcium 

of 

hypo- 
chlorite 

alumina 

Length 

Wash 

grs. 

grs. 

of  runs 

water 

per  gal. 

per  gal. 

hrs.  min. 

pet. 

.95 

.... 

1&-20 

2.0 

1.05 

.... 

12-20 

2.6 

1.09 

.  •- . . 

13-29 

2.6 

.84 

.025 

14-22 

2.4 

.61 

.063 

18-40 

2.2 

.95 

.070 

23-07 

2.3 

.77 

.067 

.     21-54 

2.3 

.79 

.069 

17-26 

2,9 

.53 

.056 

20-17 

2.9 

.69 

.064 

17-41 

3.2 

.66 

.045 

16-39 

3.6 

.81 


057 


16-11 


2.6 


The  method  of  operating  was  as  follows :  The  water  is  pumped  to  the  settling 
basin,  capacity  4,000,000  gal.,  flows  by  gravity  to  th^  secondary  or  coagulation 
basins,  capacity  334,000  gal.  and  then  flows  by  gravity  to  the  12  filters  which 
are  of  the  American  gravity  type.  The  filtered  water  is  pumped  to  the  storage 
reservoir,  which  has  a  capacity  of  26,000,000  gal. 

Cost  of  Water  Purification  at  St.  Louis,  Mo. — (Engineering  and  Contract- 
ing, Sept.  8,  1920). 

During  the  fiscal  year  ending  April  1,  1920,  39,642  million  gallons  of  water 
were  pumped  into  the  basins.  To  this  amount  of  water  were  added  1.387 
tons  of  sulphate  of  iron  and  14,753  tons  of  lime,  or  an  average  of  0.49  grains 
per  gallon  of  the  former  chemical  and  5  21  grains  per  gallon  of  the  latter.  To 
the  39,092  millions  of  gallons  filtered  were  added  2,388  tons  of  sulphate  of 
alumina  and  120,187  lb.  of  chlorine,  or  an  average  of  0.86  grains  per  gallon  of 
the  sulphate  and  3.07  lb.  per  million  gallons  of  the  chlorine.  The  sulphate  of 
alumina  was  added  before,  and  the  chlorine  after,  filtration.  The  average 
cost  per  million  for  lime  was  $3.89;  for  sulphate  of  iron,  $0.67;  for  sulphate  of 
alumina,  $1.92  and  for  chlorine,  $0.29.  These  costs  are  for  chemicals  alone 
and  do  not  include  the  cost  of  handling  or  application.  A  comparison  <A  the 
costs  of  the  various  parts  of  the  purification  work  done  during  the  past  five 
years,  based  on  the  quantity  of  water  delivered  to  consumers,  is  shown  in  the 
following  table: 
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Table  VIII. — Cost  pbb  Million  Gallons,  Bassd  on  Consumption 


1915- 
Old  Plant  1916 

Lime $  1.70 

Iron 1.42 

Unloading 08 

Operating,  mainte- 
nance and  repairs.         .  47 
Water,     coal,     oil, 

etc 03 

Light  and  power ...  .07 

Chemical  work .43 

Basin  cleaning .14 

Basin  repairs .03 

'  Switching  and  de- 
murrage   


Nov.,  1916 
to 
April,    1916- 
1916     1917 

1917- 
1918 

1918- 
1919 

1919- 
1920 

$1.61 
.64 
.07 

$  1.89 
.61 
.08 

$  2.94 
.57 
.09 

$  3.72 
.82 
.12 

$  3.89 
.67 
.12 

.51 

.38 

.41 

.60 

.59 

.04 
.07 
.49 
.08  . 
.03 

.03 

.04 

.38 

.12» 

.01 

.05 
.10 
.34 
.17 
.02 

.08 
.12 
.30 
.22 
.02 

.05 
.11 
.31 
.26 
.02 

.22 

$3.54 

$  3.54 

$  4.69 

$  6.00 

$  6.24 

$1.00 
.15 

$  0.79 
.14 

$  1.13 
.27 

$  1.37 
.31 

$  1.92 
.29 

.98 

.80 

.77 

.89 

.94 

.26 
.15 

.202 
.11 

.36 
.21 

.39 
.24 

.39 
.31 

.02 

$6.08 

$  5.58 

$  7.43 

$9.10 

$10.11 

13,138 

35.633 

38.090 

36.840 

38,004 

$  4.49 

$  6.86 

$  8.75 

$10.03 

12.50 

12.84 

16.84 

18.48 

21.00 

22.25 

27.60 

30.49 

.13^ 

.13H 

.12^ 

.09K 

Total  old  plant..    $  4.37 

Filters 
Aluminum  sul- 

djhate $  0.  76 
hlorine 18 

Operating,  mainte- 
nance and  repairs.         .  83 

Coal,      miscellaneous 
supplies    and    ex- 
penses    .14 

Light  and  power ...  .14 

'  Switching  and  de- 
murrage   

Total $  6.42 

Total  consumption 
for  year  in  million 
gals 32,583 

Cost  of  Chemicals 

Lime,  per  ton,  av- 
erage 2  contracts.  $  3.  65 

Sulphate  of  iron, 
per  ton,  average . .      10. 00 

Sulphate  of  alum- 
ina, per  ton.  aver- 
age   

Chlorine,  per 
pound .08 

*  Water  used  in  basin  cleaning — Omitted  prior  to  1916. 

'  Water  used  in  filter  plant  operation — Omitted  prior  to  1916. 

*  Switching  and  demurrage  in  years  1915  to  1918,  inclusive,  are  included  in 
operating,  maintenance,  repairs,  etc. 

The  complete  purification  system  was  not  in  use  until  October,  1915.  The 
heading,  November,  1915-April.  1916,  is  included  to  show  the  costs  of  purifica- 
tion after  the  system  was  completed.  The  figures  are  included  for  the  year  of 
1915-1916.  Under  the  head  of  lime,  inm,  sulphate  of  alumina  and'  chlorine 
are  included  all  charges  connected  with  the  switching  of  these  materials  from 
the  interchange  tracks  at  Bissell's  Point  and  Hiunboldt  avenue  to  the  Chain  of 
Rocks.  The  sulphate  of  iron,  in  the  form  of  sugar  sulphate,  was  furnished  at 
$14.16  per  ton  after  Aug.  1,  1919.  The  price  of  $23.50  was  in  effect  prior  to 
that  date,  but  none  was  brought  under  that  contract  after  April  1.  1919. 
Liquid  chlorine  cost  10.75  ct.  per  i)ound  until  Aug.  1  and  at  5  ct.  per  pound 
after  that  date.  The  prices  given  are  f .  o.  b.  Niagara  Falls,  the  prices  delivered 
being  11.78  tt.  and  6.40  ct.  per  pound.     Sulphate  of  alumina  was  purchased 
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under  the  same  specifications  as  last  year.  Basic  sulphate  of  alumina  con- 
taining not  less  than  17  per  cent  of  available  water  soluble  alumina,  AlsOs, 
was  required^  The  sulphate  was  supplied  from  April  1st  to  Sept.  15th  at  a 
price  of  $34.50  per  ton,  from  Dec.  15th  to  Jan.  1st  at  $30  per  ton  and  after 
that  date  at  $28.50  per  ton.  A  few  cars  furnished  during  September  cost  $23 
per  ton.  From  Oct.  1st  to  Dec.  15th  the  sulphate  of  alumina  was  supplied  at 
$30.90  a  ton.  Lime  was  purchased  under  a  specification  requiring  a  lime 
containing  85  per  cent  CaO  with  a  bonus  or  penalty  of  IH  per  cent  of  the 
contract  price  for  each  per  cent  of  CaO  above  or  below  the  required  85  per 
cent.  All  lime  was  sampled  as  it  came  from  the  crusher  after  unloading  and 
these  samples,  together  with  the  samples  obtained  from  the  daily  supply 
hopper,  were  analyzed  in  the  laboratory.  Lime  was  supplied  at  a  price  of 
$9.30  a  ton  from  April  1st  to  Sept.  1st  at  $10.30  a  ton,  from  Sept.  1st  to  Feb.  Ist 
and  at  $11.30  a  ton  after  that  date.  The  above  notes  are  taken  from  the 
report  of  August  V.  Graf,  Chief  Chemist,  Filter  Plant,  as  embodied  in  the 
1920  annual  report  of  Edward  E.  Wall,  Water  Commissioner,  St.  Louis. 

Cost  of  Filtering  Water  at  Providence,  R.  I. — The  unit  costs  of  filtering  and 
pumping  water  at  the  Pettaconsett  slow  sand  filters  of  Providence,  R.  I.,  are 
given  by  Engineering  and  Contracting,  Oct.  10,  1917,  as  follows: 

Total  coat 
per  mil.  Pumping 

Pumping  gals,  to  water  to 

on  to  fil-  For  clean-  filter  Sockanosaet 

Year  ter  beds  ing  beds  water  reservoir 

1907 $3.28  $4.20  $7.48  $5.63 

1908 3.48  2.03  5.51  6.03 

1909 ^ 3.23  2.05  5.28  '   6.14 

1910 3.20  1.78  4.98  4.74 

1911 2.98  1.59  4.57  4.95 

1912 2.72  1.56  4.28  5.06 

1913 3.00  1.59  4.69  4.98 

1914 3.15  1.71  4.86  4.78 

1915 3.07  1.66  4.73  5.67 

1916 2.79  2.13  4.92  5.40 

With  the  exception  pf  1907,  when  open  filter  beds  were  used,  the  figures  are 
for  operating  covered  beds.  In  1916  the  plant  consisted  of  10  filters  each  of 
which  was  in  service  for  from  7,969.5  to  8,216.0  hours;  8,101.9  being  the 
average  number  of  hours  in  service. 

The  beds  required  from  15  to  19  scrapings  during  year,  the  average  being 
17.3.  The  lengths  of  run  in  days  varied  from  2.3  minimum  to  59.3  maximum, 
the  average  being  19.5.  The  average  quantity  of  water  filtered  between 
scrapings  varied  from  35,890,000  to  47,080,000  gals.,  the  average  being  40,- 
020,000  gals.  The  average  quantity  of  water  filtered  per  day  varied  from 
2,010,000  to  2,070,000  gals.,  the  average  being  2,045,000. 

Cost  of  Operating  the  Purification  Plant  of  Wilmington,  Del. — ^Engineering 
and  Contracting,  Oct.  11,  1916,  gives  the  following: 

The  purification  plant  of  Wilmington,  Del.,  consists  of  preliminary  filters, 
sedimentation  basins  and  final  filter.  The  water  fiows  by  gravity  to  the  pre- 
liminary filters,  of  which  there  are  10,  each  14K  X  100  ft.,  the  medium  being 
gravel,  coke  and  sponge,  through  which  the  water  passes  upward.  After  the 
water  has  passed  these  filters,  it  is  i>ossible  to  treat  it  with  liquid  chlorine. 
The  water  then  flows  by  gravity  to  the  pumps,  from  whence  it  is  delivered 
to  the  settling  reservoir.  The  settling  reservoir  has  a  capacity  of  35,000.000 
gal. ,  9 1 H  per  cent  of  which  is  available.    From  the  settling  reserv(Hr  the  water 
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flows  by  graytty  to  tbe  final  filters.  The  final  filtars  are  regular  English 
slow  sand  units.  There  are  six  of  these  units,  each  364  X  40  It.  The  water 
after  passing  these  filters  is  treated  with  liquid  chlorine  before  entering  the 
mains.    The  water  fiows  by  gravity  to  the  consumers. 

The  following  figures  on  the  operation  of  the  plant  are  taken  from  the 
annual  report  of  Edgar  M.  Hoopes,  Jr.,.  Chief  Engineer  of  the  Water  Depart- 
ment, for  the  fiscal  year  ending  June  30,  1915. 

The  total  quantity  of  water  delivered  to  the  slow  sand  filters  was  3,518,- 
990,000  gal.  (36-in.  Venturi  meter  registration)  of  which  8,400,000  gal.  or 
0.24  per  cent  was  consimied  in  washing  the  sand  beds.  The  remainder  of 
3,510,590,000  gal.  is  the  net  amount  delivered  to  consiuners.  The  total 
quantity  of  water  delivered  from  the  preliminary  filters  was  3,551,373,390 
gal.,  or  about  40,000,000  gal.  more  than  was  actually  distributed.  This 
amount  represents  the  dlfiFerence  in  water  stored  at  Porter  Reservoir  at  the 
beginning  and  end  of  the  year  as  well  as  leakage  in  the  forcing  main  between 
the  pumping  station  and  reserved. 

At  the  slow  sand,  or  final  filters,  the  average  rate  of  filtration  was  4,900,000 
gal.  per  acre  per  day,  and  the  time  of  beds  out  of  service  for  washing  or  raking 
13.78  per  cent.    The  average  time  out  <^  service  for  each  bed  was  2.3  per  cent. 

Tbe  total  number  of  gallons  of  water  treated  with  liquid  chlorine  was 
2369,410,000  or  about  84.2  per  cent  of  the  amount  actually  distributed  to 
consumers.  The  actual  time  during  which  this  treatm«it  was  applied  was 
308  days  or  84.2  per  cent  of  the  year.  For  this  purpose  3,842.5  lb.  of  chlorine 
were  consumed — equivalent  to  1.343  lb.  of  gas  per  million  gallons  of  water 
treated.  The  total  quantity  of  water  used  for  absorbing  this  gas  prior  to 
treatment  was  347,089  gal.,  or  1  lb.  of  chlorine  to  750  lb.  of  water.  A  subdi- 
visicm  of  operating  expenses  is  given  in  the  following  table — interest  on  plant 
investment  or  depreciation  not  being  included. 

Slow  Sand  Filtration  (3,510,590,000  Gal.) 

Per 
Total  1,000,000  gal. 

Salaries $1,578  $0,449 

Labor 349  .099 

Supplies 682  .163 

light  and  power , 620  .  176 

Repairs  and  renewals  to  equipment 297  .  084 

Miscellaneous 636  .  152 

Total $3,961  $1,123 

Pbkliminabt  Filtration  (3,551,373,390  gal.) 

Salaries $1,293  $0,364 

Labor 11  .003 

Supplies 101  .028 

Remurs  and  renewals  to  equipment 31  .  008 

liiht  and  power 166  .046 

Miscellaneous 60  .016 

Total $1,661  $0,465 

Labobatort  (3,551,373,390  gal.) 

Salaries $1 ,  516  $0. 426 

Labor 299  .084 

Sopptiea 143  .040 

Rc^Mirs  and  renewals  to  equipment 6  .  002 

MJacellaneous 313  .088 

Total $2,277  $0,640 
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Cost  of  Philadelphia  Water-Fitter  Operations. — The  following  data  an 
taken  from  Engineering  News,  March  25,  1015. 

Table  IX. — Opbbatinq  Data  or  Slow  Sand  Filtbbs  at  Philadslphza,  19U 

Name  of  plant 

Upper       Lower 
Torres-     Queen  Roz-  Rox- 

Item  dale  Lane     Belmont    borough    borough 

Cost  per  mil.  gala $2.23     $     2.65     $3.62       $3.02       $5.10 

Rate  per  acre  per  day: 

Av.  entire  area 3.668        3.064        2.977        2.287        8.478 

Max.  area  in  service 4. 761         4. 224         4. 159         3. 615         5. 531 

Av.    no.    of    cleanings    per 

filter 4.60  1.86  7.12  6.00         10.6 

Av.  days  in  service  between 

cleanings 73.04       201.33         48.43         58.36         33.44 

Av.     no.    rakings    between 

cleanings 2.00  1.68  0.37  0.19  0.09 


Operating  Costs  of  Water  Softening  and  Purification  Plant  at  McKeesport, 
Pa. — The  following  data  are  taken  from  an  abstract  published  in  Engineering 
and  Contracting,  May  11,  1910,  of  a  paper  by  Alexander  Potter  read  at  the 
annual  convention  of  the  American  Water  Works  Association,  April,  1910. 

The  water  treated  is  of  a  variable  character  which  condition  requires  the 
greatest  care  and  watchfulness  on  the  part  of  the  employees  of  the 
plant. 

The  variable  character  of  the  water  is  indicated  by  the  fact  that  the  water 
has  jumped  from  a  hardness  of  110  at  4  o'clock  in  the  morning  to  a  hardness  of 
510  four  or  five  hours  later,  and  from  an  acidity  of  30  up  to  an  acidity  of  210 
during  the  same  period. 

The  McKeesport  plant  was  fully  described  by  the  author  in  a  paper  read 
before  the  Engineer's  Society  of.  Pennsylvania,  and  appears  fully  illustrated 
in  their  Journal  for  April,  1909.  Novel  features  of  the  plant  which  might  be 
mentioned,  and  which  a  year  and  a  half  of  operation  have  given  a  sufficient 
test,  are  as  follows: 

The  method  of  cleaning  the  settling  tanks  without  emptying  them  or  inter- 
fering in  any  way  with  the  continuous  operation  of  the  plant.  Carriers  are 
built  under  the  floor  of  the  settling  tanks.  The  carriers  in  each  of  the  four 
tanks  are  divided  into  four  zones.  Small  circular  holes  H-in.  in  diameter, 
spaced  4  ft.  apart,  connect  the  bottom  of  the  tanks  with  the  carriers.  The  out- 
let end  of  each  set  of  carriers  is  controlled  by  a  valve.  In  cleaning  the  basiiis, 
the  valve  controlling  each  zone  is  kept  open  imtil  the  precipitated  solids  are 
removed,  and  the  water  runs  free  from  sludge.  The  amoimt  of  water  used  in 
cleaning  the  settling  tanks  and  baffling  tank  is  approximately  1,700  gals,  per 
day  for  each  degree  of  hardness  in  the  water. 

Another  novel  feature  in  the  plant  is  the  economic  use  of  wash  water.  The 
entire  machinery  is  operated  by  a  water  motor  on  the  top  floor  of  the  softening 
building.  The  waste  water  from  the  motor  enters  the  wash  water  basin  for  the 
filters.  This  water,  charged  against  the  plant  as  power,  should  not  be.charged 
as  wash  water,  thus  e£Fecting  a  substantial  saving.  The  amount  of  waah 
water  shown  in  the  annexed  table  is,  however,  the  actual  amount  of  water  used 
in  washing  the  filters,  and  amounts  to  0.72  per  cent  of  the  total  amount 
pumped. 
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The  character  of  the  McKeesport  water  is  so  unusual  that  tables  of  cost  of 
operation  are  apt  to  be  misleading  to  other  municipalities,  because  the  persons 
seeking  data  of  cost  and  practicability  of  wato*  softening  are  apt  to  be  swayed 
adversely  in  their  opinions  by  applying  to  their  own  cases  the  costs  of  producing 
a  softened  water  at  other  places,  as  for  instance  at  McKeesport,  without 
taking  into  consideration  the  possible  differences  in  conditions  between  the 
water  to  be  dealt  with  at  different  places. 

The  only  fair  way  to  analyze  the  cost  of  any  particular  plant  is  to  weight 
cost  thereof  against  the  benefits  to  be  derived  therefrom.  Bearing  this  in 
mind,  we  have  on  the  one  hand  to  consider,  (a)  first  cost  of  plant;  (b)  cost 
of  operation.  As  against  this  we  must  also  consider,  (c)  the  improvement  in 
the  water;  (d)  the  decrease  in  operating  expenses  of  the  plant;  (e)  decrease  in 
wear  and  tear  ui)on  the  plant;  (/)  decrease  in  plumbing  bills  paid  directly  by 
private  citizens;  (g)  the  decrease  in  the  cost  of  sot^;  (A)  Iragthening  the 
wear  of  linens,  flannels,  and  other  fabrics;  and  (i)  increase  in  the  length  of 
life  or  boilers. 

Taking  the  case  of  McKeesport,  the  annual  interest  on  the  cost  of  construc- 
tion is  approximately  $10,000. 

The  cost  of  operation  for  one  year  is  $30,700. 

The  total  cost  of  producing  4,000,000  gallons  of  sc^tened  filtered  water  a  day 
is  $40,700  per  annum. 

Against  this  we  have  the  f(^owing  saving. 

Since  the  softening  plant  has  been  instilled,  the  Water  Department  has 
dispensed  with  a  number  of  its  employes  engaged  on  repaving  curb  connections 
whose  wages,  according  to  the  president  of  the  board  of  water  commissioners, 
amounted  to  $15,000. 

The  private  ctmsumers  expended  annually  in  maintaining  their  plumbing 
fixtures  over  $35,000. 

Since  the  softening  phmt  has  been  installed,  oolj  72  p^  cent  of  the  water 
previously  required  is  now  pumped,  thus  making  a  reduction  in  the  coal  coor 
sumption  of  $6,090  per  annum. 

The  reduction  in  repidrs  of  plant  amounts  to  $8,000  a  year. 

From  the  best  evidence  obtainablOr  the  saving  in  soap  and  soap  compounds 
alone  amounts  to  over  $10,000  a  year,  and  the  saving  in  the  wear  and  tear  in 
washing  of  fabrics  of  all  kinds  can  be  set  down  at  $20,000  a  year. 

Summarizing  these,  we  have,  on  the  one  hand,  an  added  cost  of  treating  the 
water  of  $40,700;  and,  on  the  other  a  saving,  as  enumerated  above,  of 
189.090. 

This  balance  sheet  shows  that  the  introduction  of  the  watw  softening  plant 
for  the  city  of  McKeesport,  instead  of  b^ig  an  added  burden  to  the  people, 
has  proved  to  be  a  saving  of  $48,890  per  annum. 

As  a  side  Ught  upon  the  saving  effected  in  the  McKeesport  plant,  it  may  be 
stated  that,  before  the  water  softening  plant  was  put  into  commission,  about 
156  plumbers  were  at  work  in  the  city.  Out  of  this  number,  only  46  were 
left,  four  months  after  the  plant  was  put  in  operation. 

The  average  amount  of  chemicals  used  and  cost  of  treating  the  water  from 
Feb.,  1900  to  March,  1910  was  as  follows: 
32 
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FtUer  No.  3. — Commenced  deaning  Aug.  5,  1909.  Finished  cleaning  Aug. 
19,  1900.    Cleaned  entirely  by  Nichols  separators. 

Worthed  24  hours  a  day  in  three  8-hour  shifts.  Cleaned  and  replaced  3,213 
cu.  yds.    Labor  cost,  $723.10.    Cost  per  cubic  yard.  22.5  cts. 

Filter  No.  6. — Commenced  cleaning  Aug.  14,  1909.  Finished  cleaning 
Sept.  8,  1909.  Cleaned  entir^y  by  Nichols  separators.  Worked  24  hours  a 
day  in  three  8-hour  shifts.  Cleaned  and  replaced  3,230  cu.  yds.  Labor  cost, 
1696.74.    Cost  per  cubic  yard,  21.57  cts. 

Filter  No.  1. — Commenced  cleanings  Sept.  10,  1909.  Finished  cleaning 
Sept.  25,  1909.  Cleuied  entirely  by  Nichols  separators.  Worked  24  hours 
a  day  in  three  8-hour  shifts.  Cleaned  and  replaced  3,325  cu.  yds.  Labor 
cost,  $711.40.    Cost  per  cubic  yard.  21.39  cts. 

The  following  is  a  record  of  24  hours'  work  in  Filter  No.  3;  water  pressure 
65  lbs.  per  sq.  in.;  water  used,  47,080  cu.  ft.,  or  1,744  cu.  yds.,  which  for  a  total 
of  225  cu.  yds.  of  sand  washed  was  a  rate  of  say  7H  cu.  yds.  of  water  per  cubic 
yard  of  sand.  The  amount  of  sand  lost  was  3  cu.  yds.,  or  1 .33  per  crat.  The 
cost  was  as  follows: 

24  hrs'.  foreman  at  31K  cts $  7  .50 

192  hrs.  labor  at  22H  cts. 43 .20 

Total $50 .70 

This  gives  for  225  cu.  yds.  a  cost  of  22.53  cts.  per  cu.  yd. 

Time  Studies  ia  Connection  With  the  Cleaning  of  Filter  Sand  at  Phila- 
delphia.— The  following  matter  is  taken  from  an  abstract  in  Engineering  and 
Contracting,  Dec.  23, 1914,  of  a  paper  before  the  American  Society  of  Mechan- 
ical Engineers  by  Sanford  E.  Thcnnpson. 

Philadelphia  has  five  large  filtration  plants  consisting  of  covered  reseivoirs 
operated  by  slow  sand  filtration.  The  water  pumped  into  the  reservoir  from 
the  Schuylkill  and  the  Delaware  Rivers,  after  passing  through  the  pre-filters, 
percolates  through  about  4  ft.  of  sand  and  gravel  and  is  thus  purified.  The 
impurities  are  caught  largely  in  the  upper  few  inches  of  sand,  so  that  if  this 
upper  portion  is  washed  the  filtration  area  is  practically  renewed.  Several 
methods  of  cleaning  filter  sands  are  in  use,  all  of  them  involving  considerable 
manual  labor.  Further  details  of  the  methods  followed  in  the  case  under 
observation  are  referred  to  below. 

Refulta. — ^The  object  of  the  plan  has  been  to  lay  out  the  work  of  each  gang 
of  men  so  as  to  increase  the  effectiveness  of  the  plant  and  provide  a  definite 
task  to  be  accomplished  in  a  day.  The  results  of  the  plan  which  is  being  put 
into  operation  are  as  follows: 

Rotation  of  cleaning  the  filters  is  planned  in  advance  by  well-defined  rule. 

A  d^nite  uea  of  sand  to  clean  Is  assigned  to  each  gang,  this  area  depending 
upon  the  depth  of  cleaning  necessary. 

This  setting  of  tasks  has  increased  output  of  each  gang  15  per  cent  and  this 
diould  be  further  increased  to  at  least  25  per  cent. 

Accurate  records  are  kept,  showing  the  time  consumed  by  each  gang. 

Cost  accounts,  as  w^  as  pay-roll,  are  made  up  from  the  time  tickets  fur- 
nisibed  to  the  men.  % 

Gang  leaders  are  required  to  pay  closer  attention  to  their  duties. 

Improved  apparatus  and  machinery  are  under  consideration. 

Methods  of  determining  depths  of  sand  to  clean  are  being  standardized. 
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Obstacles, — The  greatest  obstacle  encountered  has  been  the  city  ordinance 
fixing  the  rate  of  pay  of  unskilled  laborers  on  a  level  wage  per  day  r^^ardless  of 
the  quality  of  the  workman  or  the  amount  of  work  he  is  able  to  accomplish. 
While  in  city  government  strict  r^fulation  is  necessary,  a  plan  such  as  is 
followed  in  Chicago,  where  the  employes  in  each  department  are  definitely 
graded,  with  different  wages  for  each  grade,  provides  a  means  for  rewarding  a 
man  according  to  his  ability  and  giving  a  city  good  value  for  money  expended. 
The  Philadelphia  ordinances  prevent  the  payment  of  a  bonus  and  thus  make 
it  difficult  to  encourage  the  men  to  accomplish  the  tasks  assigned  them. 

Method  of  Cleaning. — In  the  filtration  plant  first  handled  by  the  new  method 
there  are  65  filters,  employing  about  128  men  for  cleaning.  Each  filter  ia 
about  140  ft.  wide  by  260  ft.  long,  and  is  built  with  groined  arch  bottom  and 
roof,  having  columns  about  16  ft.  on  centers. 

The  Nichols  method  of  washing  is  used  in  this  plant.  In  this  method  tbe 
dirty  sand  from  the  surface  of  the  bed  to  a  depth  specified  is  shoveled  to  an 
ejector,  furnishing  water  imder  about  85  to  100  lbs.  pressure,  which  forces  it 
through  a  large  hose  into  the  separator,  which  is  a  cylindrical  iron  tank  pro- 
vided with  a  concentric  baffle  about  6  or  8  ins.  from  the  outside  shell.  The 
water  and  sand  swirl  around  this,  the  clean  sand  settling  in  the  conical  bottom 
and  passing  out  through  a  2-in.  hose  below.  The  dirty  water  passes  under  the 
baffle  and  out  of  the  top  of  the  tank,  whence  it  passes  out  of  the  bed  through  a 
hose  and  pipe  to  sewer. 

From  the  separator  the  sand  is  returned  by  the  hose  to  the  bed,  where  it  is 
properly  distributed  and  leveled.  Sometimes,  according  to  conditions,  tbe 
dirty  sand  is  shoveled  direct  to  the  hopper  of  the  ejector,  and  in  other  cases  is 
scraped  and  piled  from  the  first  and  one-half  the  third  bay  into  the  second 
line  of  bays;  from  the  other  half  of  the  third  and  one-half  the  fifth  line  of  bays 
into  the  fourth  line  of  bays;  and  so  on,  to  include  the  ninth  bay.  This  scrap- 
ing and  piling  is  done  usually  as  an  independent  operation  by  old  men  imfit  for 
harder  work. 

Four  washing  gangs  are  required  for  each  filter  bed,  the  outside  gangs  having 
2H  bays  each  and  the  inside  gangs  having  2  bays  to  clean.  In  each  gang  there 
are  3  shovelers  to  a  hopper,  2  men  shoveling  at  a  time  while  one  rests.  Each 
man  shovels  40  minutes  and  then  rests  20  minutes.  The  fourth  man  takes 
care  of  the  hose  from  the  separator  distributing  the  clean  sand  to  the  bed. 
A  fifth  man,  recently  introduced,  working  with  2  gangs, 

Unit  Times. — Time  studies  were  made  by  the  aid  of  the  stop  watch  on  the 
labor  operations  in  the  beds,  such  as  shoveling  dirty  sand  to  hopper,  f!iA«.Tiing 
up  around  hopper,  moving  hopper,  moving  separator,  and  moving  track. 
These  times  for  individual  operations  were  then  converted  for  direct  use  into 
the  time  per  cubic  yard  for  1  in.  of  depth. 

Studies  were  also  made  on  the  rate  of  delivery  of  sand  from  separator  and  the 
effect  of  opening  and  closing  the  separator  on  the  rate  of  shoveling.  Different 
methods  of  handling  the  ejectors  were  also  included  in  the  investigation. 

The  object  of  the  time  studies  was  to  find  the  time  of  each  individual  opera- 
tion, so  that  unnecessary  operations  could  be  eliminated  and  the  imit  times 
of  the  necessary  operations  could  be  combined  to  apply  to  aJl  conditions. 
Over-all  time  records  are  of  no  use  whatever,  because,  for  example,  with  each 
change  in  depth  of  shoveling,  the  number  of  moves  of  the  hopper  and  of  the 
separator  vary. 

The  unit  times  for  the  individual  operations  were  determined  by  the  taking 
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of  a  large  number  of  time  studies  in  such  a  way  as  to  eliminate  all  unneceesaiy 
delays,  but  with  a  sufficient  allowance  for  resting  and  delays  which  were 
unavoidable.    The  unit  times  obtained  are  given  in  Table  X. 

Tabls  X. — ^Untt  Txmbs  roa  Vabioub  OpsbationSi  in  Clbaninq  Filtxb  Sand 

Unit  time  per  Time  per  cu.  yd. 
op^ation,       per  l^in.  depth» 
Operation  mm.  miii. 

Moving  hopper 0. 20  0. 34 

Moving  separator 0. 50  0.45 

Moving  hopper  hose 0. 25  0. 11 

Moving  track 0. 83  0. 44 

Waiting  for  hopper  to  empty 0. 42  0 .  38 

Moving  pressure  hose 1 .  80  0. 36 

Additional  necessary  rest ...  0. 12 

Shoveling  to  hopper ....  6«  32 

The  time  given  in  each  case  is  that  for  the  gang,  since  it  was  necessary  on 
this  work  to  set  a  task  for  the  entire  gang  instead  of  starting  the  individual 
men,  as  it  is  always  best  to  do  when  possible.  The  time  of  shoveling  into  the 
hopper  is  in  each  case  based  on  the  rate  of  output  that  the  ejectors  will  take 
care  of.  It  was  fdund  that  one  man,  instead  of  two,  could  very  nearly  produce 
the  required  output,  but  this  would  have  lengthened  the  time  of  cleaning  so  as 
to  be  inadvisable.  For  example,  with  one  man  shoveling,  the  shoveling  time 
per  cubic  yard  is  8.8  minutes  with  a  1-in.  depth,  and  6.75  minutes  per  cubic 
yard  when  the  d^th  is  18  ins.  These  studies  indicate  therefore  that  further 
change  is  neoessary  in  the  method  of  operation  so  as  to  increase  the  output  of 
the  ejector  and  separator  in  order  to  obtain  the  full  value  of  the  labor  of  the 

gang- 
In  addition  to  the  time  studies  cm  the  work  of  the  laborers  in  the  filters,  time 
studies  were  also  made  an  the  <derical  woric,  such  as  making  out  tickets, 
operating  bulletin  board,  extending  time  on  tickets,  entering  time  on  various 
records,  and  checking  up  the  payroll  in  order  to  distribute  the  work  equally 
among  the  force  employed  to  carry  it  on. 

Setting  Tasks. — Having  determined  the  unit  times  and  established  the 
system  of  routing  and  giving  out  of  tickets,  the  area  of  surface  that  should 
be  shoveled  by  each  gang  was  figured  and  the  point  to  which  they  were  sup* 
poeed  to  go  in  a  days'  work  was  mariced  with  a  flag.  In  order  to  fix  this,  it  is 
neoessary  to  det^mine  in  advance  by  test  holes  the  depth  which  should  be 
deaned,  figuring  the  area  from  the  volume  at  the  required  depth.  Curves 
have  been  plotted,  giving  areas  or  rather  distances  to  clean  for  the  outside  and 
In^e  gangs  for  various  depths.  These  distances  are  converted  into  pier 
locations,  so  many  feet  in  ftont  or  back  of  pi^  nimsber  so  and  so.  The  actual 
point  reached  each  day  is  reported  at  the  office  and  the  mark  for  the  following 
day  calculated  therefrom. 

On  the  first  two  days,  after  everything  was  ready,  no  instructicms  were 
Sivoi  the  gang  leader  or  the  men  as  to  how  much  they  were  expected  to  do. 
The  total  area  shoveled  by  each  gang,  however,  was  noted,  and  compared  with 
the  area  they  should  have  accomplished.  Every  gang  shoveled  less  than  the 
figured  area,  the  amount  running  from  10^  per  cent  less  to  31H  P^r  cent  less. 
AStN  this  second  day's  woric  we  concentrated  on  £-1  gang,  since  it  is  always 
necessary  in  order  to  avoid  friction  to  work  with  a  single  man  or  a  single  gang, 
snd  laid  out  in  advance  the  amount  this  gang  should  accomplish  in  a  day  by 
setting  a  flag  at  the  point  which  marked  the  end  of  the  day's  work.    As  a 
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result,  they  readily  accomplished  the  task  and  reached  the  mark.    The  task 
setting  was  then  extended  to  other  gangs.* 

One  rather  interesting  point  came  up  in  connection  with  the  handling  cf  the 
work  at  first.  The  men  in  the  outside  bays  had  to  shovel  about  7  per  cent 
more  sand  than  those  in  the  inside  bays  because  the  areas  were  wider;  never- 
the  less,  all  gangs  had  been  accustomed  to  keep  abreast,  the  men  who  had 
the  narrower  width  to  handle  slowing  up  to  accommodate  their  speed  to  the 
outside  men.  When  the  men  began  woridng  by  the  task,  the  operation 
was  somewhat  shnilar.  except  in  the  other  directicm,  until  the  men  realized 
the  difference.  The  inside  men,  because  of  the  narrower  width,  were  ^veaa. 
the  longer  area  to  cover  and  gaged  their  speed  to  accomplish  their  task.  The 
outside  men.  although  shoveling  a  greater  width  kept  abreast  with  them  with- 
out special  trouble,  thus  exceeding  their  task. 

AceompliahmerUs. — The  rates  were  set  on  the  basis  of  a  fair  day*s  work 
which  should  be  accomplished  with  a  first-class  foreman  and  with  no  incen- 
tive to  the  laborers.  Because  of  this  absence  of  incentive  the  work  actually 
done  averages  considerably  less  than  the  actual  tasks. 

To  compare  the  amount  of  work  accomplished  before  and  after  setting 
tasks  the  records  were  averaged  of  27  cleanings  taken  at  nmdom  from  a  period 
of  IM  years  previous  to  the  introduction  of  the  new  methods.  These  showed 
an  average  rate  of  6.3  cu.  yds.  shoveled  per  day  per  gang.  An  average  of  55 
cleanings  after  task  work  was  started  gave  7.2  cu.  yds.  per  day,  an  increase  of 
nearly  15  per  cent.  This  increase,  however,  was  less  tlHkn  half  of  what  it 
should  have  been,  the  figured  rate  being  8.4  cu.  yds.  per  day.  Although  the 
15  per  cent  increase  was  well  worth  accomplishing,  our  test»  showed  positively 
that  the  larger  increase  of  over  30  per  cent  should  readily  be  acownplished  with 
first-dass  supervision.  One  plan  considered  as  a  partial  incentive  is  a  reccml 
card  for  each  man  showing  his  output  and  thus  indicating  his  relative  rank  as 
a  workman.  The  rank  of  a  man  would  influence  the  lajring  off  if  woric  is  slack 
or,  on  the  other  hand,  if  a  man  is  required  for  a  higher  position,  this  raaklng 
would  be  taken  into  accoimt.  If  it  had  been  possible  to  pay  an  actual  money 
bonus,  the  task  would  have  been  set  still  higher  and  the  output  would  have 
been  increased  about  50  per  cent. 

As  the  work  on  the  filter  management  was  getting  imder  way,  drcumstaiioee 
called  the  men  in  charge  to  other  locations  in  the  city  temporarily.  Qoing 
back  to  the  job  and  making  further  studies,  it  was  found  that  time  had  been 
lost:  (a)  by  not  throttling  down  the  s^arator  so  as  to  make  it  run  contin> 
uously  and  thus  deliver  its  full  output;  (b)  by  unnecessary  throttling  of  the 
hopper  and  cleaning  up  ahead  before  moving  hopper  to  next  portion  of  pile; 
(c)  by  not  keeping  spray  open  to  fullest  capacity.  It  was  noticed  whenever 
the  gang  was  watched  closely  that  they  accompli^ed  their  task  without  any 
difficulty. 

Apparatus. — ^The  studies,  as  is  always  the  case  where  thorouc^  investisa- 
tions  are  made,  indicated  a  number  of  changes  advisable  in  the  i^paratus  and 
methods  of  handling  it.  It  was  found  that  the  line  of  piping  for  the  'Water 
used  under  pressure  were  poorly  arranged,  so  as  to  require  in  certain  cases 
long  lengths  of  hose  and  a  consequent  deduction  in  pressure  which  lai^ety 
increased  labor  costs.  In  oth«:  cases  certain  pipe  lines  had  to  be  moved 
from  bed  to  bed  during  the  operation  of  cleaning.  The  studies  have  shown 
that  a  mechanical  washing  device  probably  can  be  devised  which  will  greatly 
redi^ce  the  cost  of  cleaning. 

Even  with  the  present  apparatus  the  method  of  handling  the  s^Murators 
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ud  ajectore  can  be  conaidflrdil;  Impioved  and  the  coat  d  thla  quickly  nutde  up 
hj  labor  aaved. 

Tba  dealsn  ol  tlie  hoppnn  -  and  sepkntorB.  aa  already  st&ted.  could  be 
Improved  so  tbat  they  would  handle  just  the  right  tunount  id  material  that  a 
gmg  csQ  readily  ghov^  The  praaent  output  la  limited  by  the  deelen  of  the 
hopper  and  ejector. 

C«tD(  Cleanlag  Settling  Tunka  by  Perforated  Dndaidralna. — ThetcdlowlDK 
matlei  Is  taken  from  an  abstract  ot  a.  paper  by  Alexander  Potter  presaated  M 
the  23rd  Annual  Convention  oj  Che  American  Society  of  Municipal  Improve- 
ments and  published  in  Engiuferiog  and  Contrftcting,  Oct.  11,  1B18. 

MuiioBM  Sctiline  fiojin,— The  Muskogee  gettling  baalii  Is  coQSlnicled  of 
rdnfoiced  concrete.     It  is  312  It.  square  and  19.6  ft.  deep.     WbenflUedtoa 


MmlafUn^r^vin 


e  letthnf  basin.     Deb 


dcfith  <£  ]g  ft.  Its  capacity  ia  6.000.000  gsl.  A  reinforced  concrete  curtain 
wall,  e  in.  thick,  supported  by  buttresses  al'intervala  of  12  ft.,  divides  the 
Ijasln  into  two  compartments.  The  flrat  and  smaller  of  these  compartments. 
G2.S  ft.  wide  and  212  ft.  long  (about  one^uarterof  the  basin),  has  its  bottom 
perforated  and  undecdratned  for  sludge  remoeal.  To  underdrain  the  larger 
tompartment  was  not  consldefed  advisable,  first,  because  of  the  erpenee  and, 
Becond.  based  upon  the  eirperlBiice  in  other  planta  where  the  writer  adopted 
this  method,  it  was  not  considered  necessary  because  of  the  relatively  small 
qnsntily  of  suspended  matter  which  experience  Indicated  would  settle  out  In 
tiUs  compartment.    Three  and  a  half  years'  continuous  operation  shows  it  to 
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average  about  1.3  per  cent  as  opposed  to  98.7  per  cent  r^noved  oyer  the 
area  with  the  perforated  bottom.  * 

Figr.  8  is  a  section  of  the  Muskogee  settling  basin  tftken  parallel  to  the  direc- 
tion of  flow.  The  raw  water,  treated  with  sulphate  of  iron  and  hydrated  lime 
at  the  average  rate  of  1  and  2M  grains  per  gal.,  respectively,  enters  the  settling 
basin  at  the  left  through  the  distributing  trough.  From  the  distributing 
trough  the  water  is  admitted  to  the  first  compartment  of  the  baein  throug-h  32 
8-in.  circular  openings.  A  vertical  concrete  baffle  wall,  4  in.  thick,  constructed 
directly  in  front  of  these  openings,  tends  to  arrest  all  eddy  and  vortex  motion 
and  at  the  same  time  deflects  the  incoming  water  downward. 

The  partially  settled  water  passes  from  the  first  to  the  second  compartment 
over  a  submerged  weir  formed  by  the  curtain  wall.  The  crest  of  this  sub- 
merged weir  is  about  6  in.  below  the  average  water  lev^  maintained  in  the  tank. 
To  assist  in  arresting  vortex  motion  set  up  in  the  water  as  it  passes  over  tiie 
submerged  weir,  a  4-in.  stilling  wall  has  been  placed  in  front  of  it.  The 
settled  watOT  is  drawn  off  into  the  collecting  channel  over  a  series  of  weirs. 
The  water  level  in  the  basin  operated  varies  between  elevation  527.5  and 
628.0. 

To  remove  the  sludge  from  the  first  compartment,  3-in.  bell-and-«pigot 
vitrified-stoneware  drain-i^pes  have  been  laid  in  the  concrete  fioor,  wUcli'  is 
9  in.  thick.  These  drain-pipes  are  arranged  in  parallel  rows  27.5-in.  centers 
in  five  distinct  zones.  These  zones  are  laid  out  with  the  view  of  ha\^ng  the 
sludge  deposited  uniformly  over  the  area  of  any  one  zone.  Each  zone  con- 
sists of  a  main  collecting  channel  8  in.  wide  and  4  in.  deep  into  which  the  3-in. 
under-drains  discharge.  The  3-in.  under-drains  are  made  iip  in  2-ft.  leng^ths 
and  each  length  is  perforated  with  one  circular  hole  He  in.  in  diameter.  The 
cover  plates  of  the  main  collecting  channel  are  perforated  with  yi-'m.  circular 
holes  spaced  13^  in.  centers  Twelve-inch  cast  iron  pipes  convey  the  sludge 
from  the  various  zones  to  the  sludge  well.  Tributary  to  each  zone  are  316 
holes  or  perforations  He  in.  in  diameter,  and  180  perforations  H  in.  in 
diameter*  giving  a  total  area  of  113.4  sq.  in.< — ^practically  the  same  as  the 
area  of  a  12-in.  outlet  pipe. 

Operating  Results. — The  plant  treats  an  average  of  3,000,000  gal.  per  day. 
The  total  solids  in  the  raw  water,  which  is  taken  from  the  Grand  River,  average 
451  parts  per  million.  This  is  increased  by  64  parts  per  million  by  the 
hydrated  lime  and  sulphate  of  iron  applied  to  the  water  before  It  enters  the 
settling  basin.  Of  the  total  solids  in  the  water  after  being  treated  with  the 
chemicals,  44  parts  per  million  settle  out  in  the  mixing  chambers  and  dis- 
tributing troughs,  307  parts  per  million  in  the  first  compartment,  i.  e.,  the 
first  quarter  of  the  settling  basin,  and  only  about  4  parts  per  million  In  the 
second  compartment. 

The  following  table  gives  the  most  important  facts  relative  to  the  operation 
of  the  sludge  removal  system  at  Muskogee. 

Average  total  weight  of  dry  Bolids  removed  daily  by  underdrains  in  the 

form  of  sludge,  lbs 7 ,  690 

Average  water  content  of  sludge  as  discharged  through  blow-off  valves, 

per  cent 98.  7 

Total  quantity  of  sludge  water  discharged  at  one  operation,  gal 70 ,  000 

Ratio  of  blow-off  water  to  total  water  treated,  per  cent 2.  33 

Effective  hydrostatic  head  for  sludge  removal,  feet 20.  5 

Average  velocity  through  underdrain  perforations,  feet  per  sec 20. 4 

Lose  of  hydrostatic  head  through  perforations,  26.3  %  qf  total  head,  feet  5. 4 

Hydrostatic  losses  in  underdrain  system,  21  %  of  total  head,  feet 4.8 

Velocity  head  lost  at  discharge,  62, 7  %  of  total  head,  feet lO.  % 
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Coat  of  Sludge  Retn&val, — ^The  total  cost  of  constructing  the  sludge  removal 
system  for  the  Muskogee  settling  basin  over  and  above  the  cost  of  constructing 
a  plain  tank  of  similar  shape  and  size,  and  including  ail  piping,  valves,  sludge 
chamber,  etc.,  was  $3,570.  This  is  at  the  rate  of  32.5  ct.  per  square  foot  of 
bottom  imderdrained.  The  average  annual  cost  of  operating  and  maintaining 
the  sludge  removal  system,  including  all  fixed  charges,  amounts  to  $523,  and 
is  made  up  as  follows : 

Interest  and  depreciation,  8  %  on  $3,570 $286 

Vidue  of  the  blow-off  water  lost,  25,500,000  gallons  raised  70  feet  at  $6  per 

million  (including  fixed  charges) 153 

4,260  lb.  ferrous  sulphate  lost  with  blow-off  water  at  1.15  ct.  per  lb 53 

9,370  lb.  hydrated  hme  lost  with  blow-off  water  at  0.005  ct.  per  lb 47 

Attendance  and  suppUes 34 

Total  annual  cost $578 

Total  quantity  of  water  treated,  1,970,000,000  gal. 
Cost  of  sludge  removal  per  1,000,()00  gal.  of  treated  water,  $0.29. 
Weight  of  dry  solid  matter  removed  in  one  year,  1,404  tdns. 
Cost  p^'  ton  of  dry  soUd  matter  removed,  $0.41. 

The  above  costs  of  sludge  removal  compare  most  favorably  with  the  cost  of 
dudge  removal  as  practiced  on  a  large  scale  at  St.  Louis,  Nashville  and  Kansas 
City.  The  costs  of  removing  sludge  given  in  the  following  table  are  taken 
from  the  municipal  records,  which,  unfortunately,  are  not  complete  in  that 
they  only  give  the  cost  of  labor,  making  no  charge  whatever  for  water  lost  and 
used  in  flushing  out  the  basin.  A  fair  allowance  has  been  made  in  these  costs 
for  water  wasted  and  used  for  flushing  purposes,  and  as  corrected,  the  data 
are  sufficiently  accurate  for  purposes  of  comparison. 

Tablb  XI. — Cost  of  Rbmoving  Sltjdqb  fbom  Settling  Basins. — (Exclusivb 

or  FixsD  Chabobs.) 

Cost 
Water  Sludge      percu.yd. 

treated       removed     of  sludge 
City  Year        (mil.  gal.)     (cu.  yd.)      remov^ 

*Miukogee,  Okla 1913-1916  3.210  21 ,903  $0. 0469 

*McKeeeport,  Pa 1908-1013  8,890  96.000         0. 0325 

Main  basin 1907  28,048  114,256         0.043 

St.  Louis,  Mo. : 

Main  basin 1908  29.156  135.108         0.048 

Mainbasin 1909  34.201  129.035         0.051 

Main  basin 1910  33.910  182.500         0.045 

Bissels  Point  basin 1908           4,000  tO.  133 

Baden  storage  reservoir 1908           700  fO.  213 

Nashville.  Tenn 1908           4,500  tO.359 

*Settling  basins  have  underdrainage  systems. 
fLabor  costs  only. 

At  St.  Louis  it  appeared  to  have  been  the  practice  of  lengthening  the  period 
during  which  a  settling  basin  may  be  kept  in  service  by  opening  the  mud 
gate  5  or  6  in.  daily  for  a  period  of  about  an  hour,  or  until  the  effluent  is  com- 
paratirdy  dear.  None  of  this  flushing  water  has  been  charged  up  against 
the  cost  of  sludge  removal.  It  is  estimated  that  during  the  year  19 10  approxi- 
Aiat^y  193,000,000  gal.  of  water  were  used  for  this  purpose  in  175  days. 
Including  the  cost  of  pumping  and  treating  this  flushing  water  with  chem- 
icals, the  cost  of  sludge  removal  becomes  29.3  ct.,  which  is  about  the  same 
hB  the  cost  of  removing  the  sludge  in  Muskogee. 
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At  Muskogee  the  percentage  of  sludge  water  to  total  water  treated  is  2.33 
per  cent,  which,  in  the  writer's  opinion,  can  be  considerably  reduced  by  careful 
management.  This  ratio  of  sludge  water  to  total  water  treated  compares 
quite  favorably  with  that  of  St.  Louis,  where  in  1910,  the  only  year  for  which 
accurate  data  are  available,  523,000,000  gal.  of  water  were  chargeable  against 
sludge  removal.  Of  this  amount.  300,000,000  gal.  were  lost  in  emptying  the 
basin,  130,000,000  gal.  were  used  for  flushing  purposes,  and  193,000,000  gal. 
were  wasted  through  the  sludge  gate,  thus  giving  a  ratio  of  1.54  per  cent. 

The  conditions  at  McKeesport  are  at  times  especially  trying  on  the  idiidge 
removal  apparatus,  for  there  are  periods,  of  short  duration,  when  the  preci- 
pitation reaches  almost  10  per  cent  by  volume  of  the  water  treated,  and  in 
the  treatment  1,000,000  lb.  of  Ume  and  1.500,000  lb.  of  soda  a^  have  been 
used  annually.  The  cost  of  removing  the  precipitated  material  at  the 
McKeesport  plant  has  averaged  about  35  cts.per  1,000,000  gal.  of  water  treated. 

The  ratio  of  blow-o£F  water  to  water  treated  ranges  from  1.4  to  8.9  per  cent 
when  the  water  is  bad,  and  averaged  2.3  per  cent  for  the  period  that  the  plant 
has  been  in  operation. 

Costs  of  Cleaning  Settling  Basins  by  Sluicing. — The  following  data  on 
cleaning  one  of  the  settling  basins  at  Louisville,  Ky.,  are  taken  from  an  article 
by  G.  D".  Cain,  Jr.  in  Engineering  and  Contracting,  Dec.  3,  1913. 

The  two  basins  at  the  reservoir  measure  about  500  ft.  square,  and  actual 
measurements  showed  that  the  amount  of  mud  deposited  in  the  basin  which 
was  cleaned  was  in  the  neighborhood  of  18,000  cu.  yds.  The  cost  of  removing 
this  mass  of  material  by  the  company's  own  forces  was  $2,700,  or  15  cts.  a  cu. 
yd.,  which  compares  very  favorably  with  the  cost  of  the  previous  cleaning  of 
the  basins. 

Of  course  the  mud  had  not  hardened  sufficiently  in  the  period  of  20  months 
since  the  previous  cleaning,  to  make  literal  excavation  necessary,  and  this 
rendered  it  possible  for  the  company  to  use  the  sluicing  method.  Lines  of 
firehose  were  attached  to  the  company's  mains,  and  streams  were  directed 
upon  the  mud  under  a  pumping  pressure  of  70  to  80  lbs.  per  sq.  in. 

The  surface  mud  readily  yielded  to  this  treatment,  but  as  the  work  went 
deeper  the  aid  of  a  force  of  men  armed  with  scrapers  was  necessary  to  expedite 
the  removal  of  the  mud.  These  scrapers  were  simple  affairs  made  of  1  in. 
boards,  and  were  constructed  for  use  by  three  men  at  once,  a  fairly  large  sur- 
face thus  being  covered  by  each  scraper. 

The  heavy  mixture  of  mud  and  water  was  sluiced  in  this  way  into  the  central 
surface  drain  of  the  basin,  which  discharges  into  the  sewer  outlet  provided 
for  drainage  purposes,  and  the  entire  18,000  cu.  yds.  of  silt  were  thus  removed 
in  about  three  weeks  of  actual  working  time.  It  was  not  possible  to  rush  the 
work  at  a  much  greater  speed  on  account  of  the  danger  of  clogging  the 
sewer.    As  it  was,  no  trouble  of  this  sort  was  experienced. 

The  following  data  computed  from  figures  given  in  the  report  of  Geo.  H. 
Benzenberg,  Chief  Eng.  water  works,  Cincinnati,  O.  are  published  in  Engineer- 
ing and  Contracting,  April  6. 1910. 

The  reservoir,  known  as  Reservoir  No.  1  of  the  Cincinnati,  O.,  water  works, 
had  been  in  constant  service  for  over  two  years.  It  was  taken  out  ot  service 
on  March  20,  1909,  and  allowed  to  stand  for  4  days  in  order  to  allow  complete 
sedimentation  before  drawing  the  water.  The  original  turbidity  of  the  'Water 
was  75  parts  per  million;  after  4  days  it  was  found  to  be  47  parts  for  a  depth 
of  30  ft.  and  50  parts  at  a  depth  of  40  ft.  On  March  30  the  water  was  drawn 
off  for  a  depth  of  3  ft.  during  the  night  and  allowed  to  stand  during  the  day. 
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when  the  mud  was  washed  off  the  exposed  slopes  by  hose  streams  under 
pressure  of  flushing  pumps  in  the  wier  house.  The  following  night  the  water 
level  was  again  lowered  to  stand  during  the  day,  when  the  slopes  were  washed 
down.  This  procedure  was  repeated  every  24  hours  until  April  0,  when  the 
water  had  become  very  turbid.  The  30-in.  drain  was  then  opened,  drawing 
off  ail  the  water  and  such  mud  as  it  carried.  The  deposit  of  mud  remaining  on 
the  slopes  and  bottom  was  then  disintegrated  and  slid  to  the  drain  opening  by 
means  of  l>^in.  hose  streams  under  heavy  pressure.  The  depth  of  accumu- 
lated mud  was  found  to  be  from  12  ins.  to  36  ins.  and  the  total  amount  removed 
was  estimated  as  30,000  cu.  yds.  Some  35,494.600  gals,  of  water  were  wasted 
ta  draining  the  reservoir  and  16,902,600  g^s.  were  used  for  removing  the  mud, 
or  about  565  gals,  per  cubic  yard  of  mud  removed  The  cost  of  cleaning  was 
as  follows: 

16,902,600  gala,  water,  at  $3.28  per  mil.  gals $  55. 44 

22.032  kw.  electric  power,  at  1.1  ct 242. 36 

Labor  operating  pumps 57. 94 

Labor  cleaning  reservoir 427. 27 

Total $783.01 

The  cost  per  cubic  yard  of  mud  removed  was,  for  cleaning  proper,  2.61  ct& 
Charging  in  the  35,494,600  gals,  of  water  lost  in  draining  the  reservoir  at 
13.28  per  million  gallons  we  have  an  additional  item  of  $116.42,  or  0.80  ct  per 
cu.  yd.,  making  a  total  cost  of  3  ots.  per  cu.  yd.  The  cleaning  was  completed 
May  1,  1909,  and  water  was  turned  back  into  the  reservoir  on  May  8. 

The  cost  of  cleaning  Reservoir  No.  2  of  the  Cincinnati,  O.  water  works  is 
given  in  Engineering  Record,  June  21,  1913,  as  follows: 

The  time  required  to  wash  out  the  mud  from  this  reservoir  was  twenty -eight 
working  days.  As  nearly  as  could  be  estimated,  41,100  cu.  yd.  of  mud  were 
removed.  This  refers  only  to  the  sediment  containing  less  than  50  per  cent  of 
water,  which  was  left  after  draining  off  the  liquid  sludge.  This  volume  of 
mud,  together  with  the  semi-liquid  sludge,  represents  the  deposit  from  over 
34.5  billions  of  gallons  of  water.  Besides  61,000,000  gal.  of  water  being 
wasted  in  draining,  about  21,000,000  gals,  were  used  in  cleaning  out  the 
reswvoir. 

The  following  table  shows  the  costs  for  cleaning: 

Ck>eT  OF  Cleaninq  Resebvoir  a.t  Cincinnati,  Ohio 

Cost  per  cu.  yd.  of 
Total  cost    sediment  removed 

Ubor $1,100.45  $0.0267 

Supplies 440.23  .0107 

Power 154.44  .0037 

Value  of  water  used  in  cleaning 62.  82  .  0015 

Value  of  water  wasted  in  draining 183. 13  .  0044 

Total $1 .941.  07  $0. 0470 

Cost  of  cleaning  per  1,000,000  gal.  of  water  fettled $0. 056  -^ 

The  methods  employed  were  similar  to  those  used  in  cleaning  reservoir  No.  1. 
The  increased  cost  noted  is  largdy  due  to  an  increase  of  some  30  per  cent  in 
the  rate  paid  for  labor  and  the  difficulty  of  opening  the  closed  sump  openings 
in  this  reservoir. 


CHAPTER  IX 
IRRIGATION 


In  this  chapter  are  included  both  general  and  specific  cost  data  and  artides 
dealing  with  many  of  the  economic  problems  met  with  in  irrigation. 

For  further  data  relating  to  this  subject  and  included  in  the  voluime,  see 
chapter  on  the  following  subjects:  Excavation;  Concrete;  Dams,  Reservoirs 
and  Standpipes;  Water  Works;  Small  Tunnels  and  Land  Drainage.  Also 
refer  to  the  index  for  other  special  information. 

For  costs  of  Pumping  see  "  Handbook  of  Mechanical  and  Electrical  Cost 
Data"  by  Gillette  and  Dana.  For  Methods  and  costs  of  excavation  see 
"Earthwork  and  Its  Cost"  by  Gillette  also  "Rock  Excavation"  by  Gillette. 

Cost  of  Irrigatioii  Work*  Per  Acre  of  Land  Supplied  with  Water. — The  cost 

ci  irrigation  works  per  acre  of  land  irrigated  has  been  tabulated  by  the  U.  S. 

Reclamation  Service  for  some  140  projects  of  which  87  are  Carey  act  projects, 

30  are  private  projects  and  14  are  projects  of  the  Service.    The  data  given  in 

Tables  I,  II  and  III,  are  published  in  Engineering  and  Contracting,  June  4, 

1013. 

Tablb  I. — Cost  of  Piovatij  Irrigation  Projects 

Cost 

Acre-  or  water 

age  in  right 

proj-  charge 

Name  of  project  or  company                              ect  per   acre 
Colorado : 

Amity  Canal 80.000  S100« 

Beaver  Land  and  Irrigation  Co 20,000  175s 

Catlin  Canal 25,000  100 

Colorado  Co-operative  Co 5,200  60 

Denver  Reservoir  and  Irrigation  Co 200,000  45 

East  Palisade  Irrigation  District 645  63 

Montana: 

Fort  Lyon  Canal 70,000  100« 

Grand  Valley  Canal 40.000             60« 

Greeley  Poudre  Irrigation  Co 126,000  46 

Mesa  County  Irrip^ation  Project 2 ,  568            73 

Orchard  Mesa  Irrigation  District 9, 122  119 

Otero  Irrigation  District 20,000  40 

Palisade  Irrigation  District 6,000             41 

Paradox  Valley  Irrigation  Co 30.000             46 

Pueblo-Rocky  Ford  Irrigation  Co 100,000  150» 

Redlands  Irrigation  and  Power  Co 5,000  100« 

Routt  County  Development  Co 30,000             46 

South  Palisade  Heights  Irrigation  District 700  127 

Conrad  Land  and  Water  Co 40 

Great  Falls  Land  and  Irrigation  Co 36,000             60 

*  Engineers'  estimates  where  project  is  proposed  or  incomplete. 

*  Estimated  at  from  $75  to  $150  per  acre.     Includes  land. 

*  Estimated  at  $75  to  $150  per  acre. 

*  Per  miner's  inch. 

*  Includes  land. 

*  Estimated  at  from  $65  to  $150  per  acre. 
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Tablb  I. — (Continued) 

Acre- 
age in 
proj- 

Nsme  of  project  or  company  ect 

Nebrmtka: 

Belmont  Canal  and  Irrication  District 20,000 

Tri-etate  Canal 60,000 

New  Mexico : 

French  Land  and  I.  Co 40,000 

Oregon: 

Bonansa  Project 20,000 

Eagle  Valley 2 1 ,  700 

Turnish 6,000 

Paradise . ...  100,000 

Willamette  Valley 20.000 

Sooth  Dakota: 

Red  Water  Irrigation  Association 4 ,  000 

Utah: 

Provo  Reservoir 12.000 

UUh  Lake  Pumping 8.000 

Washington : 

Cascade  Canal  Co 10,000 

Congdon  Canal  Co 4 ,  200 

Kennewick  Canal 14,000 

Lower  Yakima  I.  Co 12,600 

8elah  Moxie J '99St 

Selah  Valley  Development  Co 10,000 

Union  Gap  Irrigation  Co 5 ,  000 

Washington  Irrigation  Co 60,000 

'  For  river  rights  only.     Purchase  of  Pathfinder  Reservoir  water 

this  to  $35. 

*  Estimated  at  from  $50  to  $70  per  acre. 

•  Estimated  at 'from  $40  to  $50  per  acre. 

Tablk  II. — Cost  of  Cab«t  Act  Projbctb 

Acreage 

Colorado  Land  and  Water  Supply  Co 16,278 

Two-Butte  Irrigation  and  Reservoir  Co 22,000 

Valley  Investment  Co 24,000 

C<Aorado: 

Great  Northern  Irrigation  A  Power  Co ^'^21 

Colorado  Realty  and  Security  Co 46,875 

Toltec  Canal  Co 14,853 

Idaho: 

American  Falls  Canal  A  Power  Co 57,242 

Big  Lost  River  Irrigation  Co 78,242 

Birch  Creek  Irrigation  Co 20.000 

Blaokfoot  North  Bide  Irrigation  Co 22,280 

Black  Canyon  IrrijBation  District 98, 492 

Blaine  County  Irrigation  Co 14 ,  720 

Boise  City  Carey  Act  Project 1^^*992 

Bnienau  Irrigation  Co ^9'2S2 

Emmett  Irrigation  District V'SSS 

Grandview  Extension  Irrigation  Co ^1  'JSS 

Grassmere  Irrigation  Co 47 ,  500 

Hansen,  C.  V.,  Mackay  Project 3.456 

Hented  Victor,  Project. 3.410 

High  Line  Pumping  Co.,  Ltd 3.860 

Houston  Ditch  Co.,  Ltd 1.88J 

Idacon  Irrigation  Co.,  Ltd ,  J'SnS 

IdK  Irrigation  Co..  Ltd ^?2 '  ?2S 

Keating  Carey  Land  Co.. 1^,597 

Kings  HiU  Extension  Irrigation  Co ,S'S?g 

Enas  HiU  Irrigation  and  Power  Co ^l'?xS 

LJSw  Irrigation  Co o2  nSS 

little  Lost  River  Land  4  Irrigation  Co 20,000 


Cost 

or  water 

right 

charge 

per  acre 

267 
42 

60 

30 

80 

60« 

60 

60 

40 

80 
40* 

60 
121 
163 
120 

86 

150 

.     136 

46 

will  increase 


Cost 
per  acre 

$45 
35 
60 

56 
45 
40 

40 
40 
50 

72 
40 

60 
50 
65 
65 
40 
40 
45 
35 
60 
50 
30 
65 
65 
60 
30 
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Tabls  II.— (Continued) 

Cost 

Acreage  i>er  acre 

MsnrBville  Canal  A  Improvement  Co.,  Ltd 6, 134  20 

Owsley  Carey  Land  and  Irrigation  Co 8 ,  600  35 

Owyhee  Land  and  Irrigation  Co 29 ,  535  55 

Owyhee  Irrigation  Co.,  Ltd 3, 296  45 

Pahsimeral  Project 6,000  30 

Portneuf-Marsh  Valley  Irrigation  Co 11 ,914  35 

Pratt  Irrigation  Co.,  Ltd 4,674  40 

Snake  River  Irrigation  Co.,  Ltd 6, 500  60 

Thousands  Springs  Land  and  Irrigation  Co 6 ,  300  30 

Twin  Falls  Land  and  Water  Co 244,000  25 

Twin  Falls  North  Side  Land  and  Water  Co 207, 144  45 

Twin  Falls  Oakley  Land  and  Water  Co 45,000  65 

Twin  Falls  Raft  River  Irrigation  Co 99,668  50 

Twin  Falls  Salmon  River  Land  &  Water  Co 127 ,707  40 

West  End  Twin  Falls  Irrigation  Co 46,000  50 

Montana: 

Billings  Land  &  Irrigation  Co 27,000  40" 

Big  Timber  Project 17, 194  60 

Vtdier  Project 115,100  40 

Oregon: 

Central  Oregon  Irrigation  Co 139,204  40 

Central  Oregon  Irrigation  Co 74, 198  60 

Columbia  Southern  Co 27,000  50" 

Deschutes  Land  Co 31 ,082  36 

Deschutes  Reclamation  &  Irrigation  Co 1 ,  280  40 

Desert  Land  Board 27,000 

Portland  Irrigation  Co 12,000  46 

Powder  Land  &  Irrigation  Co 65,000  100" 

Utah: 

Mosida  Pumping  Plant 8,000  150" 

Wyoming: 

Big  Horn  County  Irrigation  Co. 20^11  50 

Boulder  Canal 6, 120  30 

Burch  Canal 35,887  60 

Carbon  County  Land  &  Irrigation  Co 7,793  30 

Cody  and  Salsbury  Canal 77,199 

Cody  Canal 26,429  50 

East  Fork  Irrigation  Co 4,901  30 

Eden  Land  &  Irrigation  Co 95,658  30 

Elk  Canal 2,724  30 

Fisher  Ditch 320  10 

Green  River  Land  and  Irrigation  Co 75,257  35 

Hammitt  Canal 6.295  60 

Hanover  Canal 10,682  60 

Hawk  Springs  Project 12.238  50 

Hubbard  Canal 38,604  40 

James  Lake  Irrigation  Co 14 ,  554  35 

La  Prele  Ditch  and  Reservoir  Co 18 ,  668  60 

Lovell  Irrigation  Co.... 11,320  26 

McDonald  Canal 15, 160  60 

Medicine  Wheel  Canal  Co 22,385  30 

North  Laramie  Canal  Co 4, 133  50 

North  Platte  Canal  &  Colonization  Co 14,424  30 

Big  Horn  Basin  Development  Co 204,650  60 

Paint  Rock  Canal 53, 162  60 

Platte  Valley  Canal 18, 171  30 

Rock  Creek  Irrigation  Co 11 ,696  45 

Sahara  Ditch  Co 7,920  60 

Sidon  Canal  Sc  extensions. . 20, 559  30 

THnsleep-Bonanza  Canal - 16,486  40 

Uinta  County  Irrigation  Co 26,000  35 

Wheatland  Industrial  Co 33,115  45 

Wyoming  Land  &  Irrigation  Co 4 ,  526  60 

^*  Estimated  at  from  $20  to  $60  per  acre. 
11  EstimiCled  at  from  $50  to  $60  per  acre. 
)>  Estimated  at  from  $75  to  $200  per  acre. 
"  Estimated  at  from  $100  to  $250  per  acre. 
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The  figures  in  TaUes  I  imd  II  obtained  from  printed  reports  of  state 
engineers  and  public  data,  show  that  on  over  90  modem  irrigation  systems 
being  built  by  private  or  cori>orate  capital,  the  cost  per  acre  averages  nearly 
S53.  This  cost  does  not  include  the  annual  cost  for  operation  and 
maintenance. 

Tablb  III. — Reclamation  Service  Pbojbcts 

State  and  project  Approx.      Cost  per  acre 

acrease      from  to 

Arizona-California 

Yuma 131,000     $65  $66 

Idaho 

Minidoka 118,700       22  30 

Montana 

Sub  River 216,346       30  36 

Montana-North  Dakota 

Lower  Yellowstone 60, 116       46 

^Tebraska 

North  Platte 129,270      45  55 

J^evada 

Truckee-Careon 206,000       22  30 

New  Mexico 

Carlsbad 20,277       32  46 

Oregon 

Umatilla 25,000       60  70 

Klamath 72,000       30 

South  Dakota 

Belle  Fourche 100,000       30  36 

Washington  • 

Okanogan 9,900       66 

Sunnyside 102,824       62 

Tieton 34,613      93 

Wyoming 

Shoshone 164,122       45  60 

Average $41-f- 


Cost  of  Reporting  on  an  Irrigation  Project. — The  following  is  given  by 
Charles  Kirby  Fox  in  "Western  Engineering,"  reprinted  in  Engineering  any 
Contracting,  Nov.  5,  1913, 

During  1911-12  I  was  employed  to  make  the  surveys  and  estimates  for  an 
irrigation  project.  Careful  records  were  kept  of  the  time  and  cost  of  each 
item  pertaining  to  the  work.  All  told,  the  project  covers  70.000  acres,  of 
which  a  part  is  already  irrigated  and  some  of  it  does  not  require  irrigation. 
We  prepared  preliminary  plans  for  irrigating  80  per  cent  of  the  unirrigated 
arable  land,  or  40,000  acres.  As  a  rule,  the  land  was  fairly  smooth  and  for  the 
greater  part  covered  with  sagebrush  about  waist  high. 

On  account  of  the  distances  from  trade  centers,  it  was  necessary  in  making 
the  designs  and  estimates  to  provide  for  using  as  much  local  material  as 
possible  and  minimize  the  quantity  of  materials  shipped  in  from  the  outside. 
The  appiDximate  estimates  follow:  Excavation,  8,000,000  cu.  yds.;  tunneling, 
5,800  lin.  ft.  lumber,  830.000  ft.  B.  M.;  iro^  and  steel.  500  tons;  main  and 
diversiim  canals,  total  61  miles;  laterals,  144  miles.  There  will  be  approxi- 
mately 2fi  miles  ol  flume  and  a  little  over  yi  mile  of  siphons  in  the  system. 

Out«de  of  the  engineering  crew,  local  men  were  used.  It  was  necessary 
with  the  greater  part  of  the  work  to  establish  camps.  These  were,  as  a  rule, 
10  to  20  miles  from  the  adjacent  towns.  Chainmen  and  rodmen  weie  paid 
140  to  $60;  cooks,  $60  to  $70;  level-men,  $75  to  $85;  instrument  men,  $90 
to  $110;  draftsmen,  $76  to  $160,  and  assistant  engineers,  $100  to  $150.    All 
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rates  given  are  by  the  month  and  include  board  and  expenses.    About  10,000 
meals  were  served  in  camp  at  a  cost  of  28  cts.  each,  segregated  as  follows: 

Cents 

Food 21 

Cook 6 

Incidentals 1 

Total 28 

It  was  necessary  to  use  canned  goods  almost  exclusively.  The  cost  of 
provisions  was  very  high.  The  meals  were  excellent.  Horses  were  hired  at 
a  cost  usually  of  about  $1  per  day,  including  feed. 

Water  Shed  and  Irrigation  Survey. — Eigliteen  stations  were  set  by  an 
assistant  engineer  and  rodman  with  two  horses.  To  place  the  stations, 
triangulate  them  and  plot  the  work  cost  $35  per  station.  Eight  and  one-half 
days'  time  was  put  in  on  each  station. 

Sounding  Lake  and  Contouring  Reservoir  Site. — In  sounding  a  3,000-acre 
lake  it  was  necessary  to  cut  over  1,000  holes  through  13  ins.  of  ice.  A  party 
consisting  of  a  transit  man,  two  chainmen,  two  axmen  and  two  horses  were 
used.  In  contouring  4,000  acres  around  the  lake  the  same  party  was  used, 
except  that  a  recorder  and  three  stadia  men  were  substituted  for  the  chain  and 
axmen.    The  sounding  and  contouring  cost  6.4  cts.  per  acre. 

The  high-water  line  of  the  reservoir  was  run  before  \  arrived.  I  understand 
that  it  cost  about  $60  per  mile  for  16  miles  of  exterior  line.  This  includes 
ties  to  the  section  comers. 

Section  Lines. — Approximately  200  miles  of  section  lines  were  re-run. 
Great  difficulty  was  experienced  in  finding  some  of  the  comers.  It  is  thought 
that  between  one-fourth  and  one-fifth  of  the  time  was  spent  in  looking^  for 
old  comers,  and  the  work  was  greatly  delayed  by  storms.  The  party  con- 
sisted of  an  instrument  man,  two  chainmen,  two  flagmen,  a  teamster,  four 
horses  and  a  cook.  The  work  cost  $10  per  mile.  It  might  be  worth  noting 
that  on  lines  which  were  re-run,  only  one  comer  has  been  found  that  the  origi- 
nal party  did  not  locate^  Some  60  comers  were  replaced  at  odd  times  at  a 
cost  of  $2.50  per  post. 

Leveling. — (The  section  line  party  was  followed  by  a  level  party  (levehnan 
and  rodman),  which  set  bench  marks  every  half  mile  or  mile.  They  ran  150 
miles  at  a  cost  of  $2.50  per  mile. 

Contouring. — The  entire  area  under  the  ditch-line  was  contoured  at  a  cost 
of  5  cts.  per  acre.  Five-foot  contour  Intervals  were  used  on  the  flattest 
sections  and  10  ft.  on  the  steeper  parts.  It  was  platted  on  a  scale  of  1,000  ft.  to 
the  inch.  The  party  consisted  of  an  instrument  man,  recorder  and  two  to 
four  stadia  men.  Usually  two  parties  were  in  the  field  under  my  supervision, 
with  a  draftsman,  cook,  one  or  two  teamsters  and  six  horses.  After,  the  field 
work  was  completed  it  took  almost  as  much  time  to  reduce  and  plat  the 
transit  stadia  notes  as  it  did  to  do  the  field  ^ork. 

Cruising. — First  the  real  estate  department  had  a  man  cruise  the  land  and 
plat  it  on  a  scale  of  6  ins.  to  the  mile.  This  cost  2  ctS.  per  acre.  It  was  later 
thought  advisable  to  make  a  rough  cultural  and  property  map  of  the  valley 
now  under  cultivation,  so  as  to  have  an  idea  of  the  amount  of  hay  and  grain 
available.  Two  men  on  foot  could  cover  about  10,000  acres  per  day.  Ofi^ce 
work  took  about  the  same  time. 

Canal  Line. — With  a  view  to  determining  the  most  economical  location  of 


IRRIGATION  613 

the  canal  line,  we  ran  a  low  line  30  miles  long  and  a  high  line  20  miles  long, 
and*  made  a  careful  reconnalssanoe  of  the  remainder.  :f^m  these  studies  we 
detennined  that  the  high  line  would  be  cheapest.  The  lines  were  run  by  the 
following  party:  Chief,  draftsman,  transit  man,  stadia  man,  flagman,  axman, 
level  man,  rodman,  teamster,  four  horses  and  a  cook.  It  cost  $16  per  mile 
to  do  this  work. 

We  then  started  out  with  practically  the  same  outfit  except  that  two  chain- 
men  were  added.  The  distance  per  shot  on  the  preliminary  line  was  about 
400  ft.  All  the  work  was  on  the  side  hill.  When  contouring  was  commenced 
the  party  was  divided. 

On  the  transit  line  we  set  stakes  every  100  ft.  and  took  the  elevation  at  each 
station.  We  then  took,  very  careful  topographic  data,  usually  covering  30  to 
40  ft.  in  vertical  elevation  by  5  ft.  contours,  which  were  platted  in  the  field 
to  a  scale  of  200  ft.  to  the  indi.  We  were  very  careful  to  note  ail  rock  out- 
crops or  other  characteristics  whidi  would  infiuence  the  final  location  of  the 
line.  We  ran  61  miles  of  these  lines  at  a  cost  of  $30  per  mile  for  the  transit 
and  level  line,  and  $20  per  mile  for  the  topography.  The  cost  of  the  ties  to  the 
section  comers  is  included  in  the  cost  of  the  transit  and  level  line. 

Paper  Location  and  Estimate. —rTh»  ofllce  work  was  done  in  the  winter  with 
a  small  force,  coni^sting  of  mjrself ,  an  assistant  engineer,  a  draftsman  or  two 
and  a  blueprint  boy.  I  had  the  assistant  engineer  and  U  draftsman  spend  a 
month  to  work  up  a  special  set  of  excavation  tables  especially  adapted  to  side 
hill  canal  lines.  They  gave  the  balanced  cut  and  fill,  the  jrardage  and  the 
oent^  cut  for  each  different  side  slope.  I  estimate  that  by  the  use  of  these 
tables  were  saved  several  hundred  dollars  per  mile  on  the  excavation  at  a  cost 
of  less  than  1  i>er  cent  of  the  amount  saved.  The  estimate  cost  $16  per 
'  mile,  or  approximately  H  of  1  per  cent  of  the  cost  of  the  excavation. 

Field  Notee  and  Mape  for  Piling. — ^The  tracings  included  six  sets  (34  sq.  ft.) 
of  three  maps  each,  and  the  fitid  notes  required  146  pages  of  legal  size  paper. 
All  courses  were  balanced  in  connection  with  the  section  line  survey.  The 
oSSiae  work  cost  $500,  or  about  $6.50  -per  mile  of  canal  and  reservoir. 

Designs  and  Betimates  for  Structures. — It  is  estimated  that  the  structures, 
flumes,  siphons,  outlets,  etc.,  will  cost  about  $100,000u  The  designs  and  esti- 
mates cost  2  i>er  cent  of  the  estimated  cost.  Usually  several  types  of  struc- 
tures w^e  sketched  out  and  estimates  made  for  each  tsrpe  These  detailed 
drawings  were  made  according  to  what  appeared  to  be  the  best  tjrpe,  and 
incduded  a  complete  estimate  of  the  cost,  including  quantities,  weights,  etc. 
The  difference  in  the  cost  of  several  types  of  structures,  all  of  which  appear 
sviitable,  is  surprising. 

It  cost  a  little  less  than  1  per  cent  to  make  the  surveys,  designs  and  esti- 
mates of  the  rock  fill  dam  and  tunnels.  Enough  money  will  be  saved  on 
<diaiigi]ig  the  dam  site  from  the  location  sheeted  by  the  promoters  to  pay  the 
entire  cost  of  the  work.  The  laterals  were  laid  out  on  the  contour  map  and 
only  a  few  of  the  larger  ones  were  run  out.  The  designs  and  estimates  for  the 
iBki/cnAs  cost  about  $2  per  mile.  The  mtire  report  with  the  specifications,  etc., 
contained  about  250  pages  and  100  blueprints. 

General  Expenses. — The  stenographic  and  clerical  expenses  amounted  to 
appnndmately  $400,  the  general  expenses  about  $800  and  approximately 
$1,000  was  spent  on  hydrographic  work.  All  told,  this  survey  cost  approxi- 
mately $20,000,  or  50  cts.  per  acre,  or  3  to  4  per  cent  of  the  estimated  cost  of 
the  work.  About  4,000  man-days  were  worked  at  an  approximate  cost  of  $5 
per  man-day. 

33 
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Cost  of  Constrttcting  Irrigation  Works. — The  following  matter  Is  taken 
from  Newell  and  Murphy's  "Principles  of  Irrigation"  (1913). 

It  has  come  to  be  an  axiom  that  the  cost  of  irrigation  works  is  generally 
greater  than  the  original  estimate.  This  is  due  not  so  much  to  lack  of  care 
and  thoroughness  in  preparing  estimates  as  to  the  fact  that  the  work  is  pioneer 
in  its  character,  and  improvements  are  suggested  or  new  needs  arise  so  rapidly 
that  works  which  were  planned  in  one  year  as  adequate  for  the  purpose  in 
mind  are  found  to  be  unsuited  or  undesirable  by  the  time  construction  is  well 
advanced.  Many  changes  must  be  made,  or  additional  details  provided  which 
were  not  known  or  not  considered  necessary  in  the  original  scheme.  It  is, 
of  course,  possible  that  an  engineer  may  plan  works  and  build  them  exactly  as 
planned  and  within  the  original  estimates,  but  this  condition  is  one  which  with 
existing  irrigation  systems  does  not  take  place  under  ordinary  circumstances. 

The  engineer  may  plan  for  certain  works  to  meet  the  then  prevailing  con- 
cations,  but  the  owners  or  financiers  usually  conclude  that  it  is  necessary  to 
add  certain  extensions,  or  modify  details  such,  for  example,  as  increasing  the 
size  of  the  reservoir,  or  of  the  main  canal,  or  adding  a  pumping  plant.  Thus, 
as  a  result,  the  works  cost  more  than  anticipated,  and,  comparing  the  original 
statements  of  cost  with  the  actual  expenditures  made,  it  is  seen  that  the  latter 
are  far  in  excess  of  the  estimates,  but  the  reasons  for  this  are  rarely  given. 

Men's  ideas  with  feference  to  limits  of  practicability  or  cost  of  the  works 
have  rapidly  expanded.  The  small  canals  built  before  1900  were  cheaply 
executed,  the  structures  were  of  wood  and  of  temporary  character.  The  loca- 
tion was  made  with  reference  to  keeping  the  construction  cost  to  the  minimum 
and  much  of  the  work  was  done  by  the  farmers  thems^ves.  no  account  being 
taken  of  what  is  generally  termed  the  overhead  cost  including  that  ci  planning 
and  organization  of  the  work. 

At  the  same  time,  the  estimates  of  the  area  watered  were  very  liberally  made. 
If  some  water  was  provided  for  a  farm,  it  was  habitually  stated  that  the  entire 
area  say  of  160  acres  was  under  irrigation,  even  though  water  had  only  been 
as  a  matter  of  fact  applied  to  a  portion  of  it.  The  capacity  of  the  canal  might 
not  be  enough  to  supply  all  of  the  lands  which  were  claimed  to  be  irrigated. 
For  these  reasons  the  co^t  per  acre  of  irrigation  was  stated  at  an  extremely  low 
price,  less  than  $15  per  acre.  Beginning  about  the  year  1900,  a  cost  of  S20 
per  acre  for  irrigation  was  considered  high,  but  when  it  b^an  to  be  appreciated 
that  the  land  with  a  sure  water  supply  would  yield  a  large  return  on  a  value  of 
$50  or  even  $100  per  acre,  it  was  recognized  that  larger  investments  in  con- 
struction would  be  justified.  Year  by  year  the  limits  of  assumed  feasibility 
have  been  increased,  so  that  by  1905,  it  was  assumed  that  $30  per  acre  was 
large,  then  $40  per  acre,  and  finally  by  1910,  a  cost  of  reclamation  of  $60  per 
acre  was  not  considered  prohibitory,  for  lands  especially  in  the  southern  part 
of  the  country.  In  fact,  when  consideration  is  had  of  the  great  value  of 
orchard  lands  an  exi)enditure  of  $100  or  more  per  acre  to  provide  water  is 
I  feasible.    In  semitropical  lands,  for  example,  in  the  Hawaiian  Island,  where 

pumping  plants  have  been  erected  for  raising  water  for  irrigation  to  a  height 
of  550  ft.,  an  outlay  of  several  hundred  dollars  per  acre  is  not  con^dered  out  of 
the  ordinary. 

In  the  northern  temperate  regions,  for  example,  in  Ck>lorado  and  Montana, 
for  the  ordinary  field  crops  an  investment  of  $40  to  $60  per  acre  may  be  now 
considered  as  large  but  not  prohibitory.  This  may  be  increased  notably  for 
warmer  regions  with  longer  crop  season,  such  as  those  of  southern  Idaho,  and 
portions  of  Oregon  and  Washington.    Going  south  from  here  to  points  as  ia 
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Arizona  and  Calif  omia,'  where  crops  grow  throughout  the  greater  part  of  the 
year,  an  hicrease  of  60  per  cent,  in  the  amount  above  named  may  be  considered 
as  moderate. 

If  estimates  are  based  on  the  crop  production  of  thoroughly  irrigated  lands 
it  can  readily  be  seen  that  these  give  a  good  income  on  an  investment  of  from 
$200  to  $500  per  acre,  so  that  theoretically,  the  figures  above  given  could  be 
increased  several  fold,  but  as  a  matter  of  fact,  under  existing  conditions,  it  is 
hardly  safe  to  figure  on  this  basis,  although  it  is  possible  to  look  forward  to  a 
time  -wheii  far  larger  investments  than  now  considered  wise  will  be  the  rule 
rather  than  the  exception. 

Other  Co8t8. — It  must  not  be  assumed  that  the  cost  d  an  irrigation  system 
is  simply  that  of  the  engineering  or  construction.  There  are  other  costs  which 
may  equal  or  exceed  these  and  neglect  of  which  in  the  preliminary  estimates 
frequently  leads  to  financial  ruin.  These  are  the  somewhat  vague  and  intan- 
gible expenses  of  the  organization,  the  so-called  overhead  charges,  especially 
(tf  conunission  and  interest  upon  bonds,  or  upon  other  securities  issued  for 
construction  purposes.  It  is  not  infrequently  the  case  that  after  the  engineer 
has  carefully  estimated  all  of  the  construction  cost  and  has  allowed  15  per  cent, 
or  20  per  cent,  for  contingencies,  the  business  man  must  double  this  to  cover 
the  items  above  noted. 

Taking  the  ordinary  conditions  of  private  irrigation  systems  it  may  be  said 
that  assuming  the  engineer's  estimate  ci  construction  at  100  per  cent.,  the 
other  items  to  be  added  will  be  about  as  follows: 

Preliminary  examinations,  organization  and  promotion,  10  per  cent 

General  administrative,  10  per  cent  This  is  after  the  funds  have  been 
raised,  the  general  plans  det^mined  upon  and  construction  carried  to 
completion. 

Interest  on  bond  issue,  20  to  30  per  cent.  This  is  assumed  to  cover  most 
of  the  construction  cost,  and  is  estimated  at  6  per  cent,  per  annum  on  the 
period  required  in  the  construction  of  large  systems. 

We  thus  have  from  40  to  50  per  cent,  of  the  construction  cost  to  be  added  at 
the  time  when  the  works  are  completed. 

Beginning  with  the  time  of  completion  of  the  works  and  the  beginning  of 
active  irrigation  from  then  on  is  the  period  of  greatest  difficulty  and  stress. 
Settlement  of  the  lands  is  usually  slow,  the  farmers  must  experiment,  the 
ma^ets  are  to  be  established,  and  five,  ten  or  more  years  may  elapse  before 
the  land  is  completely  irrigated  and  tbie  farmers  are  able  to  make  notable  pay- 
ments. During  this  time  the  cost  of  operation  and  maintenance  has  been 
large  and  this  with  the  interest  on  bonds  or  other  securities  may  amount  to 
75  per  coit.  or  even  100  i>er  cent  of  the  actual  construction  cost. 

^e  and  Cost  of  Organization  for  Operating  Irrigation  Systems. — The 
fbUowing  data  are  given  in  Harding's  "  Operation  and  Maintenance  of  Irri- 
gation Systems." 

At  the  191 1  Operation  and  Maintenance  Conference  at  Boise,  a  paper  was 
presoited  by  R.  K.  Tiffany,  then  manager  of  the  Sunnyside  project,  In  which  a 
ieries  of  organizaticms  for  different  sized  systems  were  given  as  shown  in 
Table  IV.  As  stated  by  Mr.  Tiffany  the  number  of  employees  giveA  would 
represent  about  the  maximum  which  would  be  required.  Under  favorable 
conditions  the  number  may  be  materially  reduced  and  many  systems  are 
opoated  with  smaller  organizations. 

As  an  instance  of  effect  on  the  organization  of  the  main  canal  system  of  the 
delivery  of  water  to  laterals  only  or  to  individuals,  a  case  on  the  Boise  project 
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was  cited.  On  32,000  acres,  of  which 
21,000  were  irrigated,  water  was  deliv- 
ered to  laterals  only  on  about  half  of  the 
area;  one  water  master,  one  field  clerk.  2 
gate  t^ders  and  8  ditch  riders  handled 
this  area  at  a  cost  of  6  cents  per  acre 
per  month.  On  another  division  con- 
taining about  33.000  acres  of  which 
15,000  ^ere  irrigated,  water  was  de- 
livered to  each  individual  farm  at  a 
cost  oi  12H  cents  per  month. 

The  average  size  of  the  clerical  force 
for  government  projects  was  given  as 
follows  at  the  same  conference:  up  to 
15,000  acres,  one  clerk;  15,000  to  40,000 
acres,  two  clerks;  40,000  to  75,000  acres, 
three  clerks;  75,000  to  120.000  acres,  four 
clerks;  120.000  to  175,000  acres,  five 
clerks;  175,000  to  240.000  acres,  six 
clerks.  These  do  not  include  the  keep- 
ing of  the  strictly  operation  or  water- 
delivery  records  It  was  considered  that 
one  man  should  handle  about  2,000  in- 
dividual accounts  in  the  books.  For 
other  forms  of  organization  the  clerical 
force  is  usually  somewhat  smaller. 

Economic  Water  Conduit  Location. — 
The  following  is  given  in  Engineering 
and  Contracting.  Jan.  14,  1914. 

Every  conduit  must  change  at  certain 
points  along  its  length  from  one  type  of 
construction  to  another,  as  from  pipe 
line  to  lined  canal,  unless  it  traverses  a 
country  of  imiform  topography.  Such 
changes  arise  from  considerations  of 
economy  or  safety.  A  conduit  of,  any 
considerable  length  seldom  consists 
wholly  of  canal  section  but  changes  from 
that  type  of  construction  to  flumes, 
siphons,  pipe  lines,  bridge  flumes  or  tun- 
nels, as  the  location  conditions  dictate. 
The  points  at  which  such  changes  are 
made  are  determined  by  economic  con- 
siderations as  well  as  by  ground  slope, 
by  the  nature  of  the  material  en- 
countered in  the  excavation  processes 
and  by  the  other  local  conditions. 
Just  as  the  comparative  costs  of  deep 
cutting  and  tunneling  are  used  to  indi- 
cate when  to  pass  from  cut  to  tunnel 
in  railroad  location,  so  the  transition 
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(lom  one  type  of  conduit  construction  to  luiotber  te  boaad  iqxni  aHDpu«tiT« 

In  ma-Hng  Taiioua  conduit  locMiooa  C.  B.  Hiokok,  lua  avoided  a  dlagnm 
irtilcb  kItob  the  equivalent  Iraigtha,  Irom  an  economic  standpoint,  <rf  varloua 
tyi>eB  of  conduits.  The  diigram  and  Mr.  Hlckok's  dtecusiloD  (rf  It  are  here 
given  as  described  by  him  la  his  paper  entitled:  A  Study  <rf  Economic  Con- 
duit Location,  as  publlsbed  In  Vel.  XXXIX  Proc  Am.  8oc.  irf  C.  E.,  Pp. 
2185-2 190.    Wben  the  locator  comes  to  a  point  whMS  he  miHt  dedde  wbethei 


la  tmmel  through  a  ridge  or  follow  the  grade  around  with  a  canal',  he  m 
the  length  of  the  two  poBslble  routce,  and,  by  ta  Inspection  of  the  diagram 
glren  herewith,  reaches  a  dedalon  aa  to  the  more  economlctd  ot  the  t^vo-  Xsvek 
at  conduits.  This  not  only  saves  time  but,  with  B  properly  constructed 
dtsgram.  assures  a  proper  and  complete  comparison  between  the  two  alteItla^ 
tives  ss  to  Hrst  cost,  depreciation,  head-loss  Talues,  evaporation  and  seepage 
loss  valuen.  Interest,  taxes.  Inspection  and  repairs. 

For  purposes  ot  llIustratloD  assume  a  esse  where  the  project  under  conaldera- 
(ioD  is  to  be  used  tor  Inlgathm  uld  hydro-electric  purposes,  and  whu«  the 
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oonduit  has  a  capacity  of  44.6  cu.  ft.  per  second  and  a  slope  of  one-tenth  of  1 
per  cent.    Four  types  of  conduit  are  shown  in  Fig.  1. 

It  is  obvious  that  for  each  foot  saved  in  length  of  conduit  there  is  a  saving 
in  head  loss,  as  well  as  in  evapcnration  and  seepage  losses.  The  value  of  this 
saving  is  ascertained  in  the  following  way,  taking  1,000  ft.  of  conduit,  for 
convenience  in  calculating: 

Hecid  Lo88. — 1,000  ft.  of  conduit  dissipates  1  ft.  head.    With  a  discharge  of 

44.6  cu.  ft.  per  second,  and  77  per  cent  efiSdency,  the  horsepower  is: 

1  X  44.6  X  62.5  X  0.77 

-  3.9  HP.  -2.8  KW.,  less  10  per  cent  for  transmis- 

550 

sion  and  transformer  losses  -  2 .61  EW.,  at  $55  -  $143  -50. 

Evaporation  Loaa — Power  Value. — Assuming  an  evaporation  of  5  ft.  per 

annum: 

8  X  1,000  X  5  .0 

»  0 .915  acre-ft.  per  year  -  0.0025  acre-ft.  per  24  hours 

43,560 

»  0 .00125  cu.  ft.  per  8ec<Hid.,  with  a  head  of  1,500  ft. 

0.00125  X  1,500  X  62.5  X  0.77       ^  ,^„  „„        ^  ,^,  ,,^    , 

-  0 .162  HP.  =  0 .121  KW.,  less  10  per 

cent  for  transmission  and  transformer  losses  -  0 .109  KW.,  at  $55,  ->  $6. 

Seepage  Loss — Power  Value. — From  tests  made  by  Elwood  Mead  and  B.  A.  * 

Etcheverry,  at  the  University  of  California,  the  writer  concludes  that  the  rate 

of  percolation  through  a  3-in.  canal  lining  under  a  head  of  3.5  ft.  is  about 

0 .0043  cu.  ft.  per  hour,  or  0.103  cu.  ft.  i>er  24  hours. 

8  X  1,000  X  0.103 

«  0 .0188  acre-ft.  per  24  hours  =  0 .0094  cu.  ft.  per 

43,560  *^ 

second. 

0.0094  X  1,500  X  62.5  X  0.77       ,   «,    „„        ^  «„    ^^      , 
=  1 .23    HP.  =  0 .92    KW.,    less    10   per 

cent  =  0 .828  KW.;  0 .828  KW.  at  $55  -  $45 .54. 

Total  annual  power  loss,  $195.04. 

Capitalized  at  10  per  cent,  $1,950.40. 

Or  i>er  foot,  $1.95. 

Evaporation  Loss — Irrigation  Value. — 0.0025  acre-ft.  in  24  houis  (from  the 
foregoing)  »  0.00125  GU.^t.  per  second  »  0.0625  miner's  inch.  Assume  25 
per  cent  loss  before  delivery  to  consumer: 

0.047  miner's  inch  at  40  cts.  per  miner's  inch  iter  day  «  per  annum,  $6.86. 

Seepage  Lose — Irrigation  Value. — 0.0188  acre-ft.  per  24  hours  (from  the 
foregoing)  -  0.0094  cu.  ft.  per  second  =  0.47  miner's  inch,  less  25  per  cent 
loss  B  0.353  miner's  inch  at  40  cts.  per  miner's  inch  per  day  »  per  annum, 
$51.64. 

Total  annual  irrigation  loss,  $58.50. 

Capitalized  at  10  per  cent,  $585.00. 
>  Or  per  foot,  $0,585. 

Summary. — Power  loss  per  foot,  $1.95;  irrigation  loss  per  foot,  0.585;  total 
loss  per  foot.  $2,535. 

The  fiiBt  cost  and  the  annual  charges  of  each  type  of  conduit  are  next  com- 
puted4  The  annual  charges  are  taken  as  consisting  of  the  following  items: 
Interest,  depreciation,  taxes,  inspection,  and  repairs.  The  annual  charges 
of  each  conduit  are  capitalized  at  10  per  cent  and  added  to  its  first  cost,  which 
gives  a  figure  having  a  real  comparative  value.  For  instance,  we  obtain  the 
0<u&p%ri8on  between  a  lined  canal  and  a  concrete-lined  tunnel  as  follows: 
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CONCBBTB-LINSD  CAXTAIi 

Firti  Cost — Per  Fool. — Excavation.  2  cu.  yds.  at  36  cts.  -  $0.72;  concrete. 
4.25  cu.  ft.  at  $10.20  per  cu.  yd.  -  $1.57.    Total  -  $2.29. 

AnnucU  Charge. — ^IntereRt  ai  10  per  cent,  $0.28;  deprdciation,  at  2  per  cent, 
$0,046;  taxes,  $0,019;  inspection,  $.01;  repairs.  $0.02;  total,  $0,325;  at  10  per 
cent.  $3.25;  total,  $5.54. 

CONCBXTX-I.I2IIKD  TUNNKL 

Excavation,  2.25  cu.  yds.  at  $5.50  -«  $12.40;  concrete  and  forms,  $4.10; 
total,  $16.50; 

AnnucU  Charge. — Interest  at  10  per  cent,  $1.05;  depreciation,  at  1  i)er  cent, 
$0,165;  taxes,  $0,137;  inspection,  $0.01 ;  repairs.  $0.02;  total,  $1,982;  at  10  per 
cent,  $19.82;  total,  $36.32. 

It  is  evident,  if  we  shorten  the  conduit  by  building  the  tunnel,  tiiat  the 
first  cost  and  the  capitalized  annual  cost  of  the  tunnel  can  exceed  the  first 
cost  and  the  capitalized  annual  cost  at  the  canal  by  an  amount  equal  to  the 
length  of  conduit  saved  multii^ed  by  the  loss  value  per  foot  of  conduit.  This 
Lb  shown  by  the  equation: 

r  (c,  +  A,)  =  z  (C.  +  i4.)  +  (X  -  F)  r 

where 

X  «  linear  feet  of  canal, 

Y  s  linear  feet  of  tunnel, 

Cx  "  estimated  cost  per  foot  of  canal,- 

Am  —  estimated  annual  charges  per  foot  of  canal  capitalized  at  10  per  cent, 
Cy  «  Estimated  cost  per  foot  of  tunnel. 

A^  "  estimated  annual  charges  yer  foot  of  tunnel  capitalized  at  10  per 
cent,  and 
V  »  value  of  losses  per  foot  of  conduit. 

In  the  case  of  a  tunnel,  the  evaporation  will  be  considerably  lessened,  there- 
by effecting  an  additional  saving.  If  entirely  eliminated,  this  saving  would 
amount  to  12.8  cts.  per  foot,  as  shown  above.  This  was  reduced  to  10  cts. 
and  the  first  cost  of  tunnel  credited  with  that  amount.  Inserting  the  proper 
values  in  the  equation: 

F  (16 .40  +  19  .82)  -  X  (2 .29  4-  3 .25)  +  (x  -  y)  2  .53 
F  -  0 .208  X,  the  equation  of  a  straight  line. 

In  the  same  way,  two  types  of  conduit  can  be  compared  and  the  resulting 
straight-line  equation  obtained.  The  diagram,  Fig.  2,  which  is  self-explana- 
tory, shows  the  results.  The  following  formula  and  assumptions  were  used 
in  c(»istructing  Fig.  2: 

GENERAL  PORHTTLA 

V(C^)  -  xC,4-  (x  "  y)  V  -hx(A)Y-X  (Ay) 
Cp  —  Estimated  cost  ver  foot  of  conduit  above  line. 
Ay  —  Estimated  annual  expense  per  foot  of  conduit  above  line  capitalized 

at  10  per  cent. 
Ca  «  Estimated  cost  per  foot  of  conduit  below  line. 
Am  "  Estimated  annual  expense  per  foot  of  conduit  below  line  capitalized 

at  10  per  cent. 

V  -•  Estimated  value  of  one  foot  of  canal  for  power  and  irrigation  pur- 

poses *=  $2.53. 
Tunnel  is  credited  with  10  cts.  per  foot  for  saving  in  evaporation. 
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Yalubs  Ubbd 


Tunnel 

Concrete-lined  canal 

Concrete  flume 

48-in.  steel  siphon,  100-ft.  head 
4S-in.  steel  siphon,  200-ft.  head 
48-in.  steel  siphon,  300-ft.  head 
Steel  flume 


Original 

cost 

per  ft. 

$16.50 
2.30 
4.28 
5.88 
7.46 
10.64 
5.58 


Annual 

expenses 

per  ft. 

$1.98 
0.325 
0.579 
0.961 
1.211 
1.714 
0.887 


Steel  siphons  are  credited  with  $1.10  per  ft.  for  saving  in  evaporation  and 
seepage. 

In  the  case  where  a  siphon  crossing  a  gulch  is  compared  with  a  canal  or 
flume  passing  around  the  head  of  the  gulch,  the  cost  of  the  siphon  is  credited 
with  the  saving  in  evaporation  and  seepage  throughout  its  length,  which  in 
this  case  amounts  to  $1.10  per  foot. 

The  writer  realizes  that  such  a  diagram  cannot  be  relied  on  entirely  In  the 
location  of  a  conduit,  for  there  are  local  conditions  on  every  piece  of  work 
which  must  be  taken  into  account. 

Cost  Curves  Used  for  Location  of  Catskill  Aqueduct. — The  following  notes 
are  abstracted  from  matter  given  in  White's  "  Catskill  Water  Supply  of  N.  Y. 
aty"by  J.  P.  Hogan. 

Types  of  Oravity  Aquedtu^tt. — The  types  of  aqueduct  construction  in  order 
of  their  relative  cost,  provided  that  in  embankment  or  viaduct  the  elevation  of 
invert  above  original  surface  is  relatively  small,  are  as  follows: 


Aqueducts  on   hy- 
draulic grade 


Aqueduct   below 
hydraulic  grade 


Following  natural  surface 

1  Above  natural  surface 
Below  natural  surface 

f  Following   or  above 
natural  surface 


I 


Below  natural  surface 


Open  channel 
Cut-and-cover 
Embankment 
Viaduct 
Grade  tunnel 
Wooden  pipe 
Reinforced    concrete 
(pressure  aqueduct) 
Steel  pipe 
Pressure  tunnel 


pipe 


On  the  Catskill  Aqueduct,  to  avoid  contamination,  open  channel  is  not  used. 
Embankment  is  used  as  sparingly  as  possible,  as  it  is  deemed  rather  unsafe  for 
an  aqueduct  of  this  size.  Viaduct  is  not  used  to  any  extent,  but  in  a  few 
places  the  aqueduct  was  placed  on  arches  and  the  whole  covered  with  embank- 
ment. Wooden  pipe  is  not  to  be  considered  for  an  aqueduct  of  this  size. 
Reinforced  concrete  pipe  is  used  to  some  extent  under  heads  considerably 
less  than  100  ft. 

Comparison  between  Croton  and  CcUaktU  Aquedueta. — The  new  Croton 
Aqueduct  was  placed  entirely  In  tunnel  for  the  following  reasons:  greater 
permanency,  decreased  likelihood  of  accident,  smaller  cost  of  maintenance, 
smaller  leakage,  remote  advantage  of  b^ng  less  vulnerable  in  time  of  war,  and 
decreased  cost  of  real  estate.  These  advantages  are  very  real,  but  unless 
there  is  some  special  condition  which  increases  the  importance  of  one  or  more 
of  them,  they  are  outweighed  by  the  smaller  linear  foot  cost  of  cut-and-cover 
aqueduct. 

The  Catskill  aqueduct,  with  twice  the  capacity  of  the  New  Croton  aqueduct, 
cost  less  than  10  per  cent  more  per  linear  foot  due  in  great  measure  to  sub- 
stitution of  cut-and-cover  for  grade  tunnel. 

Cost  Curves. — ^In  deciding  upon  the  type  of  section  to  ii8e»  and  the  location 
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for  the  Catskill  Aqueduct,  cost  curves  were  prepared  for  the  different  sections 
and  estimates  of  cost  were  made  for  alternate  lines  wherever  possible.  The 
combination  of  section  and  location  that  gave  the  lowest  cost  was  used  in 
determining  the  final  location,  depending  upon  field  conditions  and  the 
advantages  of  the  shorter  line  and  of  eliminating  curves. 

Fig.  3  shows  cost  curves  used  for  location  of  cut-and-cover  aqueduct. 
In  preparing  these  curves  imit  costs  were  assumed. for  different  classes  of 
work  and  applied  to  quantities  detennined  by  planimetering  typical  sections. 
Costs  were  thus  computed  for  every  2-ft.  difference  in  center  line  elevation; 
for  three  different  natural  conditions,  i.e.,  ground  level,  slope  four  on. one,  and 
slope  three  on  one;  and  for  five  different  subsurface  conditions,  i.e.,  all  earth, 
all  rock  and  with  earth  overlying  rock,  4,  8  and  12  feet  respectively. 
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Cost  in  Dollars  per  foot  for  Completed  Aqueduct 
FiQ.  3. — Cost  curves  used  for  location  of  cut-and-cover  aqueduct. 


Similar  curves  for  grade  tunnels,  for  three  conditions,  i.e.  (1)  in  sound  rock« 
(2)  timbered  tunnel  in  rock,  and  (3)  in  earth,  were  used  in  comparing  alternate 
lines  of  cut-and-cover  and  grade  tunnel  and  to  indicate  approximately  the 
depth  of  cut  at  which  It  would  b^  economical  to  start  tunneling. 

In  the  case  of  pressure  tunnels,  a  tentative  linear  foot  cost  was  estimated  for 
each  tunnel  for  comparison  with  alternate  cut-and-cover,  grade  tunnel  and 
steel-pipe  locations. 

In  preparing  curves  of  this  kind  the  absolute  unit  prices  are  not  of  as  much 
importance  as  the  relative  prices.  If,  for  instance  the  relative  price  of 
excavation  as  compared  to  concrete  is  unduly  low,  the  tendency  would  be  to 
favor  the  shorter  lines.  Indeed,  the  curves  in  Fig.  3  show  too  low  a  cost  for 
the  type  of  aqueduct  partly  in  rock,  in  some  cases  the  cost  being  lower  than 
aqueduct  in*  all  earth,  due  to  the  assumption  that  narrower  cuts  would  be 
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used  through  rock,  the  resulthig  saving  of  expenaiye  concrete  more  than 
balancing  the  extra  cost  of  rock  excavation.  However  this  assumption  did 
not  lead  to  any  notable  errors  in  location,  as  it  was  TtareAy  possible  to  choose 
the  kind  of  material  the  cut-and-cover  aqueduct  was  to  be  constructed  in. 
The  estimated  costs  for  cut-and-cover  aqueduct  used  in  preparing  the  above 
curves  were  as  follows: 


Earth  excavation Cubic  yard  $0. 30 

Rock  excavation Cubic  yard        1 .  50 

Refill  direct  from  excavation Cubic  yard        0. 30 

Refill  from  borrow Cubic  yard  0. 60 

Concrete  including  forms  and  cement. . .    Cubic  yard        7. 00 

Surface  stripping  1  foot  deep Cubic  yard  0. 60 

*  Surfacing,    smoothing,    sodding,    and 

seeding Cubic  yard  Cost  of 

Rubble  retaining  wall Cubic  yard        2. 00 

Fencing  one  foot  along  aqueduct Cubic  yard        1 .  00 

*  Assumed  for  surface  material  1  foot  deep. 


refill  plus  0.30 


Unit  and  Linear  Foot  Costa  of  Aqueduct. — It  is  interesting  to  compare  the 
original  assimiption  of  unit  prices  and  linear  costs  with  the  prices  for  which  the 
contracts  were  afterwards  let.  The  original  assumptions  used  on  location  of 
the  Northern  Aqueduct  Department  were  as  follows: 


Unft  Costs 

Cut-and-cover 

Excavation        Refill  Concrete 

per  cu.  yd.  *   per  cu.  yd.     per  cu.  yd. 

Assumed  price '     $0.  50  $0. 30  $7. 00 

Contract  price 0.68  0.30  7.30 

Grade  Tunnel 

Assumed  price $6.60  $10.00 

Contract  price 6.17  9.16 

*  For  earth.  A  price  of  $1.50  per  cubic  yard  was  assumed  for  rock.  Under 
the  contract  there  was  no  classification. 

Linear  Foot  Costs 

Cut-and-cover 

Excav.    Refill.    Concrete    Culverts     Misc.     Total 

Assumed  price $10.32  $5.00       $34.48       $1.00     $60.80 

Contract  price 12. 10     5. 45         35. 19       $1.  70.       2. 90       57. 34 

All  types  -^ 

Cut-and-cover     Grade  tunnel        Press,  tunnel 

Assumed  price $60. 80  $90. 00  $120. 00 

Contract  price 57. 34  98. 25  141. 10 

Fig.  4  shows  the  typical  cross-section  of  cut-and-cover  aqueduct  in  rock 
trench,  showing  construction  of  cover  embankment.  Rock  was  usually 
excavated  to  a  6  on  1  slope,  minimum  thickness  of  concrete  along  sides  20  ins., 
but  usually  thicker  owing  to  disintegrated  condition  of  surface  rocks. 

Fig.  5  shows  the  typical  cross-section  of  cut-and-cover  aqueduct  in  loose 
earth  and  on  foundation  embankment  and  hydraulic  elements  of  aqueduct, 
side  slopes  usually  1  on  1,  in  firm  ^trth  6  on  1,  and  20  ins.  minimum  thickness 
of  side  concrete,  above  concrete  slope  of  3  on  1  used. 
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Seuiflar  Ceed  to  Loossn  Dirt  lor  IirigatioD  DItclMB. — AcconUng  to  Engl- 
neering  and  Contracting,  April  5,  1018.  a.  scsTifler  baa  bMU  UBed  suocassfullr 
In  brealtlng  the  earth  tor  irrigation  ditchea  on  the  70,000-acro  pnipeities  ot  the 
ar  pulled  by  a, 


small  size  Caterpillar  tractor  loosened  the  earth  and  bit  It  In  abape  to  btt 
■cooped  out  by  Bcrapeis.  Forty  4-niule  teams  were  used  to  scoop  out  tlie  dirt 
loosened  by  tbe  tractor  and  scarifier.  Prior  to  the  use  of  this  outBt.  tbe 
dirt  had  been  loosened  by  plows  pulled  by  mule  teams.  flv«  lO-mule  teams 


behig  used.  Each  plow  required  three  men  to  h<rid  It,  la  additloii  to  the  dilT«r 
ot  the  teams.  The  cost  ot  loosening  the  dirt  by  the  idov  method  was  tl36 
pfg  day,  with  wagee  at  SS.35  and  mules  at  SI  per  day.  Under  the  new  pUw 
the  cost  was  SIS  pei  day — the  coet  toi  the  tractor  and  operation. 
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Cost  dt  Bnlargement  of  the  Main  Canal  Simnyside  Unit — Takima  Project, 
Washington. — ^E.  A.  Moritz  and  H.  W.  Elder,  in  Engineering  and  Con- 
tracting, Sept.  11,  1912,  give  the  following  data. 

At  the  time  the  Reclamation  Service  purchased  the  system  in  1006  the 
capacity  at  the  intake  of  the  main  canal  was  about  650  ci.s.  and  its  designed 
cross-section  was:  Bottom  width  30  ft.,  depth  of  water  6  ft.  and  side  slopes  2:1. 
For  the  full  supply  flow  at  the  intake  the  section  had  to  be  enlarged  to  a  46-ft. 
bottom  width,  8  ft.  depth  and  \Yi:l  side  slopes,  giving  a  capacity  of  1,076 cfji. 
A  corresponding  increase  in  section  was  required  over  the  full  length  of 
56  miles  of  the  canal. 

Methods  and  Coats  of  BrUaroing  the  Main  Canal. — The  excavation  of  the 
canal  demanded  that  certain  requirements  be  met  which  controlled  to  a  large 
extent  the  methods  to  be  adopted.  The  principal  controlling  factors  were 
the  following:  (1)  A  large  portion  of  the  work  had  to  be  done  during  the 
irrigation  season  which  made  necessary  ttie  use  of  a  floating  dredge  or  some 
type  of  excavator  which  could  excavate  imder  water  from  the  banks.  (2)  The 
work  on  the  upper  half  required  a  reach  of  about  70  ft.  from  the  center  of  mass 
of  excavation  to  the  center  of  mass  of  waste  bank.  (3)  The  quantity  to  be 
excavated  varied  from  about  1,200  cu.  yds.  per  station  at  the  upper  end  to  200 
cu.  yds.  per  station  at  the  lower  end,  requiring,  for  economical  work,  that 
different  methods  be  used  for  different  reaches.  (4)  It  was  desirable  to 
deposit  most  of  the  material  on  the  lower  bank,  especially  in  the  upper  reaches, 
and  furthermore  it  was  generally  impracticable  to  deposit  on  the  upper  side  on 
account  of  the  deep  cuts. 

After  a  careful  study  of  available  methods  a  combination  was  selected  which 
involved  the  use  of  a  floating  dredge  for  the  first  30  miles,  a  drag  line  excavator 
for  mile  30  to  48  and  team  excavation  for  the  remaining  8  miles.  The  final 
outcome  of  this  program  was  that  the  floating  dredge  was  run  to  mile  20.60 
only  as  it  was  found  that  the  drag  line  machine  could  do  the  work  from  mile 
20.69  to  30  more  economically.  It  was  also  discovered  that,  on  account  of  the 
small  quantities  to  be  moved,  team  work  was  cheaper  than  drag  line  works 
bdow  mile  43.4.  Therefore,  instead  of  the  program  as  outlined  the  following 
resulted:  Floating  dredge  mile  0  to  mile  20.60;  drag  line  excavator  mile  20.60 
to  43.4;  and  team  work  mile  43.4  to  mile  56. 

The  concrete  drop  structures  of  which  there  are  about  18  in  the  first  30  miles 
of  canal  had  a  clearance  of  only  32  ft.  between  the  abutments,  and  as  the 
dredge  had  to  pass  through  these  the  hull  could  be  only  about  30  ft.  wide  out  to 
out.  The  machine  would  nave  been  much  easier  to  handle  if  it  had  had  a 
wider  hull.  The  machine  used  is  a  3^^  cu.  ft.  steam  driven,  continuous 
budcet  elevator  type  with  an  82  ft.  X  30  ft.  X  6  ft.  6  in.  hull,  drawing  5  ft.  ol 
water.  Steam  is  furnished  by  two  80-hp.  locomotive  type  boilers  44  ins.  X 
18  ft.  Main  drive  and  ladder  hoist  are  driven  by  a  70-hp.  8  X  12-in.  double 
horizontal  engine.  Winch  machinery  for  spuds  and  for  swinging  the  dredge 
are  driven  by  a  two  cylinder,  20-hp.  6  X  6-in.  double  horizontal  engine.  Con-* 
veyors  are  driven  by  two  IS-hp.  7  X  10-in.  single  cylinder  horizontal  engines. 
A  No.  1  Hendy  hydraulic  giant  supplied  by  a  two-stage,  6-in.  centrifugal 
pump,  belted  to  an  80-hp.  10  X  12-in.  single  cylinder,  upright  engine,  is 
mounted  cm  the  bow  to  remove  banks  above  the  water  level  and  beyond  the 
reach  of  the  buckets.  Conveyors  are  72  ft.  long  and  have  seven^ply  32-in. 
rubber  conveyor  belting.  The  machine  was  furnished  by  the  Bucyrus  Co. 
of  Milwaukee,  Wis.  It  was  operated  from  Dec.  1,  1909,  to  Oct.  1,  1911,  and 
moved  921,000  cu.  yds.  of  material.  • 
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The  drag  line  excavator  is  a  lidgerwood-Crawford  IH  cu.  yd.  bucket 
machine  with  a  60-ft.  boom.  It  is  steam  driven  with  a  48  in.  X  114  in. 
vertical  boiler  and  a  9  X  10-in.  double  cylinder  engine.  A  6  X  6-ln.  double 
cylinder  engihe  is  used  to  turn  the  machine.  The  machine  was  furnished 
by  the  Lidgerwood  Manufacturing  Co.  of  New  York  City.  It  was  operated 
from  April  20,  1909,  to  Sept.  27,  1911,  and  moved  804,200  cu.  yds.  of  material. 
About  three  months  of  this  time  was  consumed  in  moving  the  machine  from 
mile  42.7  to  mile  35.5. 

OperoHona  of  Elevator  Dredge. — The  elevator  dredge  was  buflt  during  the 
spring  and  simimer  of  1909  and  began  work  in  November  of  the  same  year,  but 
owing  to  the  fact  that  the  machine  was  largely  experimental  and  the  material 
excavated  was  very  hard,  very  little  progress  was  made.  A  great  deal  of 
adjusting  was  necessary  and  many  minor  breaks  occurred.  No  fair  trial  was 
made  before  the  weather  became  so  cold  that  little  could  be  accomplished 
because  of  heavy  ice.  No  water  could  be  run  in  the  canal  because  of  team 
excavation  which  was  under  way  at  several  points  below.  Water  was  hdd 
in  bays  by  means  of  temporary  dams  built  at  several  points  above  the  team 
work.  Attempts  were  made  to  break  up  the  ice  by  blasting  but  it  would  form 
again  so  rapidly  that  almost  no  permanent  good  was  accomplished.  The 
machine  closed  down  for  two  weeks  during  January,  and  by  the  time  the 
Ice  had  b^run  to  break  up  the  water  had  become  very  low  in  the  bays  and 
after  a  few  days  became  so  full  of  silt  from  constant  agitation  by  the  machine 
that  it  was  almost  useless  as  a  steam  supply. 

Much  excavation  had  to  be  done  that,  with  running  water  of  sufficient 
depth,  would  have  been  unnecessary,  for  the  machine  excavated  in  some  cases 
4  ft.  below  grade  to  keep  clear  of  the  bottom.  No  great  amount  (rf  fresh 
water  could  be  run  in  and  the  grade  was  such  that  sufficient  depth  to  float  the 
machine  could  not  be  maintained  after  the  temporary  dam  at  mile  1.30  was 
removed. 

A  great  deal  of  difficulty  was  encountered  in  disposing  of  excavated  mate- 
rial. So  much  water  was  carried  over  with  the  earth  and  gravel  that  a  mud 
was  formed  which  ran  out  into  the  adjoining  fields  and  orchards,  covering 
the  original  ground  to  a  depth  d  several  feet.  Bulkheads  were  built  along  the 
right  of  way  and  an  attempt  made  to  hold  the  material.  As  the  slope  upon 
which  the  material  was  deposited  was  veiy  steep,  the  material  would  fill  to  the 
top  of  the  bulkhead  in  a  short  time  and  then  run  over  into  orchards.  Higher 
and  stronger  bulkheads  were  built,  but  this  was  found  to  be  very  expensive. 
As  the  extremely  wet  material  could  not  be  held,  the  water  jet  which  was 
played  into  the  water  buckets  to  aid  in  cleaning  them,  was  removed.  Then 
six  H-in.  holes  were  bored  in  each  bucket  to  allow  the  water  which  picked  up 
with  the  dirt  to  escape.  This  accomplished  a  great  deal  toward  retaining  the 
material  on  the  right  of  way,  but  many  bucketsful  which  in  a  saturated 
condition  would  have  been  dumped  onto  the  conveyor,  stuck  in  the  buckets 
until  they  were  loosened  by  the  vibrations  and  released.  This  usually 
occurred  after  the  hopper  had  been  passed  and  the  material  was  then  dropped 
into  the  canal  behind  the  digging  line  and  had  to  be  left  to  be  excavated  by 
other  means  later. 

With  the  opening  of  the  irrigation  season  the  machine  at  once  began  doing 
better  work.  The  material  up  to  this  time  had  been  chiefly  cement  grav^, 
very  compact  chalky  material,  or  compact  wash  gravel.  Softer  material  was 
now  encountered,  and  the  weekly  output  increased  from  2,000  to  14^00  cu. 
yds. 
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It  was  found  desirable  at  this  time  to  make  some  Improvement  in  various 
pitfts  of  the  machine.  A  larger  pocket  was  put  in  the  spud  drive  to  insure 
greater  power  in  sinking  the  spud  foot.  The  position  of  the  belt  conveyor 
drive  had  been  a  great  source  of  trouble  as  the  drive  sprocket  was  almost 
under  the  end  of  the  conveyor  drum  and  caught  all  the  mud  and  water  running 
off  on  "that  side.  The  sprocket  was  placed  on  the  «id  of  the  shaft  outside  of 
the  bearing,  about  1  ft.  from  conveyor  belt,  thus  affording  a  better  oppor- 
tunity for  housing. 

A  great  deal  of  trouble  was  caused  when  i>assing  through  deep  cuts,  by  lack 
of  dumt^ng  space.  As  built,  the  conveyor  was  fixed  rigidly  parallel  to  the 
spud  arm.  Tliis  necessitated  depositing  all  the  material  excavated  from  one 
position  into  one  heap.  It  was  found  necessary  to  have  the  conveyor  swing 
over  a  greater  arc.  This  was  accomplished  by  removing  the  connection  be- 
twe^i  the  spud  arm  and  the  conveyor  ladder  and  by  fixing  the  conveyor 
rigidly  to  the  deck  forcing  it  to  swing  with  the  boat  independently  of  the  spud 
arm.  Thus  as  the  buckets  made  their  swing  across  the  canal,  the  conveyor 
covers  an  arc  sufficient  to  distribute  the  spoil  as  desired. 

As  constructed,  the  spud  sleeve  was  attached  by  rivets  to  the  mast,  but  as 
this  would  not  permit  the  raising  of  the  spud  arm  a  pinion  hinge  was  put  in 
with  bolts  r^ladng  the  rivets  in  the  lower  part  of  the  plate  allowing  the 
spud  to  be  loosened  and  raised  readily. 

After  about  nine  months  of  operation  the  lower  tumbler  had  become  badly 
worn,  and  to  reinforce  it  the  hollow  interior  was  filled  wih  cast  iron.  This 
added  about  4,600  lbs.  of  weight  to  the  exreme  end  of  the  bucket  ladder  and 
was  probably  to  a  considerable  degree  the  cause  of  the  breaking  of  the  12-in. 
I  beams  of  the  bucket  ladder.  After  this  accident  15-in.  I-beams  and  a  lighter 
tumbler  reinforced  with  manganese  steel  wearing  plates  were  substituted. 
The  wearing  plates  had  to  be  removed  after  six  months  use.  It  was  found 
necessary  to  put  similar  plates  on  the  upper  tumbler  but  as  the  wear  was 
not  as  great  these  plates  did  not  have  to  be  renewed. 

About  a  week  after  the  ladder  was  rebuilt  with  15-in.  I-beams  these  also 
broke.  The  cause  of  this  was  not  definitely  determined  but  it  was  probably 
due  principally  to  a  torsional  moment.  The  great  bulk  of  the  material  exca- 
vated was  in  the  left  bank  and  the  buckets  cut  chiefly  with  the  left  side  causing 
a  tvristing  motion  downward  and  to  the  left.  This  is  undoubtedly  a  condition 
which  should  be  provided  for  in  the  design  of  a  machine  for  work  of  this  kind. 

The  hull  of  the  dredge  was  constructed  only  30  ft.  wide  to  permit  it  to  peiss 
num^t>us  drops  which  had  been  built  before  the  enlargement  of  the  canal. 
This  hull  was  too  narrow  for  stability  as  practically  all  of  the  200  tons  of 
machinery  was  above  the  deck.  The  spuds,  of  course,  served  to  maintain 
equilibrium  except  when  raised  as  was  the  case  when  moving.  On  one  occa- 
sion when  the  spuds  were  raised  a  man  started  out  upon  one  of  the  conveyor 
ladders,  causing  the  boat  to  tip.  The  crew  lost  control  of  the  boat,  which 
Usted  so  far  that  water  entered  the  hatches  on  the  deck  and  caused  it  to  sink. 
It  took  12  days  to  get  the  dredge  afloat  and  in  working  order.  On  another 
occasion  the  dredge  was  sunk,  due  to  a  hole  being  worn  through  the  side  of  the 
bucket  well  by  the  returning  buckets.  This  time  ten  days  were  lost  in  raising 
and  repairing  the  dredge. 

The  tjrpical  sections  shown  in  Fig.  6  show  the  relative  positions  of  the  masses 
moved  by  various  methods.  Much  of  the  material  was  moved  by  teams  dur- 
ing tile  last  year  of  operation  because  it  had  been  found  that  with  the  short 
haul  the  material  not  needed  on  the  lower  side  could  be  disposed  of  more 
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economically  by  team  work  on  the  upper  side.  The  original  plan  had  been  to 
wash  this  material  down  with  the  giant  and  pick  it  up  from  the  bottom  with 
the  buckets  and  deposit  it  on  the  lower  side,  but  it  was  pulverized  by  this 
operation  and  spread  out  into  the  orchards  as  mud  when  carried  across,  which 
necessitated  the  abandonment  of  this  process.  The  fills  had  to  be  built  by 
teams  ahead  of  the  machine  as  otherwise  much  land  would  have  been  inun- 
dated when  the  old  levee  was  cut  out  by  the  machine. 

The  statement  of  costs  of  the  excavation  done  by  the  elevator  dredge 
requires  some  explanation.  The  labor  cost  is  low.  The  high  cost  charged  to 
the  item  "spoil  banks"  is  due  to  the  fact  that  much  of  the  material  was  de- 
posited in  the  form  of  mud  and  ran  over  valuable  farm  lands  and  had  to  be 
hauled  back  when  dry  unless  it  had  been  retained  by  the  expensive  bulkheads 
built  along  the  right  of  way.  Another  reason  for  the  high  cost  of  this  item  is 
that  much  of  the  material  was  deposited  in  high  mounds  which  had  to  be 
graded  down  to  permit  ditch  riders  to  travel  over  the  levee. 
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Fig.  6. — Typical  sections  excavated  by  elevator  dredge. 

The  high  cost  of  maintenance  is  due  to  the  fact  that  much  adjusting  and 
many  changes  had  to  be  made  to  adapt  the  machine  to  local  conditions. 

Table  V. — Cost  Data — Elevatob  Drbdqb  Work,   920,723   Cubic  Yabdb 

Unit 
Item:  Coet  coat 

Excavation: 

Labor,  dredge $  26,960.  63       0. 029 

Labor,  spoil  banks 31 ,  159. 06       0. 034 

Fuel 33.043.07       0.036 

Plant  maintenance 52.327. 40       0.057 

Plant  depreciation 41 .432.  53       0. 045 

To^ $184,922.  69       0.  201 

Miscellaneous — Maximum  excavation  per  S-hour  shift,  1,429  ou.  yds.; 
maximum  excavation  for  one  week,  17,644  cu.  yds.  (three  shifts);  average 
excavation  per  8  hour  shift,  557.9  cu.  yds.;  average  excavation  actual  worldng 
hour,  128.7  cu.  yds.;  per  cent  of  lost  time,  49;  made  up  as  follows:  moving. 
10  per  cent;  repauv  and  miscellaneous,  39  per  cent. 

Force  and  wages — An  operating  force  consisted  of  8  men  and  4  horses. 

Wages  paid  were — Operator,  $5.00;  engineer.  $4.67;  spudman,  $3.83;  fireman, 
$3.33;  oiler,  $3.00;  deckman,  $2.50;  man  and  team,  $4.50. 
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The  depreciation  item  includes  the  entire  cost  of  the  machine  charged 
against  the  total  yardage.  Everything  except  the  hull  should  have  consider- 
able salvage  value  which  will  go  towaid  reducing  the  cost. 

Fuel  had  to  be  hauled  about  three  miles  across  open  country  or  over  roads 
that  were  very  rough. 

One  of  the  most  gratifsring  results  dt  this  work  is  the  solid  lower  bank  pro- 
duced by  the  saturated  material  dischaiged  by  the  dredge  and  the  substantial 
roadway  over  it.  The  trouble  from  breaks  over  this  reach  should  be  very 
small  and  maintenance  charges  will  be  correspondingly  reduced. 

Performance  of  the  Drag  Line  Excavator. — The  reach  of  the  main  canal 
between  Miles  20.69  and  43.40  was  excavated  with  a  Lidgerwood-Crawford 
drag  line  machine.  This  machine  was  erected  during  January  and  February, 
1909.  and  began  operating  at  Mile  42.67  and  worked  down-stream  to  Mile 
43.40.    An  attempt  waa;  made  at  first  to  excavate  from  the  lower  side  but  was 
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Fro.  7. — Typical  sections  excavated  by  drag  line  excavator. 


unsuccessful  because  of  the  short  boom  and  inability  to  sink  the  bucket  into 
the  narrow  strip  to  be  taken  from  the  upper  side.  The  machine  was  then 
dismantled  and  hauled  to  Mile  35.6  where  operations  were  commenced  from 
the  upper  side  of  the  canal.  A  road  had  to  be  leveled  ahead  of  the  machine 
and  all  material  not  needed  on  the  lower  side  was  dumped  on  the  upx)er  side 
of  the  canal.  The  extra  amount  of  road  grading,  not  anticipated  in  the  origi- 
nal schedule,  and  the  additional  work  that  had  to  be  done  to  strengthen  the 
levee  caused  the  price  i)er  cubic  yard  to  run  higher  than  was  anticipated. 

A  complete  section,  Fig.  7  was  excavated  from  Mile  35.5  to  Mile  38.3,  but 
by  the  time  the  machine  reached  this  point  the  demand  for  water  over  the 
lower  parts  of  the  project  had  become  so  great  that  it  was  decided  to  take  out 
only  about  two-thirds  of  the  material  so  as  to  allow  the  machine  to  move  faster 
and  increase  the  capacity  over  a  greater  reach  of  canal.  It  was  found,  how- 
ever, that  the  machine  moved  very  little  faster  when  removing  a  two-thirds 
section,  and  that  the  cost  per  cubic  yard  was  higher,  so  this  plan  was  aban- 
doned and  a  complete  section  was  excavated  throughout  the  remainder  of  the 
work.  A  grreat  deal  of  team  work  had  to  be  done  in  connection  with  the 
machine  excavation.  The  profile  of  the  upper  bank  was  very  irregular  and 
34 
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in  ravines  the  old  levee  had  been  almost,  if  not  entirely  destroyed.  A  road- 
way 18  ft.  wide  had  to  be  built,  and,  as  the  grade  could  not  exceed  5  per  c«it, 
the  hills  had  to  be  cut  down  and  the  ravines  filled  up.  Where  the  necessary 
cut  on  hills  exceeded  5.0  ft.,  which  is  the  distance  from. the  base  of  track  to 
bottom  of  engine  car,  the  cut  had  to  be  23  ft.  wide  to  permit  the  car  to  swing 
and  dump.  In  very  deep  cuts  this  placed  the  machine  so  far  below  the  level 
of  the  natural  ground  that  it  was  very  difficult  to  dispose  of  the  material  because 
of  the  lack  of  dumping  space.  In  some  cases  the  road  grading  was  30  per  c^rt 
of  the  entire  excavation  in  cuts;  and  as  the  material  was  often  hauled  200  ft. 
or  more  into  the  fill  ahead  the  cost  was  high.  The  team  cost  was  charged 
against  the  machine  and  the  total  cost  distributed  into  the  total  yardage. 

Much  work  was  done  on  the  spoil  banks  and  in  strengthening  the  levees  and 
was  all  charged  to  the  machine  excavation.  All  repairs  uid  maintenance 
costs  are  included  in  the  item  "Plant  Maintenance."  The  item  "Plant 
Depreciation"  includes  the  entire  cost  of  the  machine. 

An  attempt  was  made  to  show  the  amount  of  material  moved  per  hour  with 
the  machine  operating  at  various  heights  above  the  C.  G.  of  mass  excavated. 
The  results  were  about  as  follows: 


Height  above 
C.  G.  of  mass 
excavated 

5 
6 
7 

8 


Cu.  yds. 
per  hour 

80 

85 

102 

80 


Height   above 
C.  G.  of  mass 

9 
10 
11 
12 


Cu.  yds. 
per.  hour 

77 
72 
65 
60 


Table   VI. — Cost   Data — Drag  Line   Excavation,   204,183   Cubic   Yabdb 

Unit 
Item:  Cost  cost 

Excavation: 

Labor,  excavator $21 ,411. 26  0. 027 

Labor,  spoil  banks 24,932. 27  0. 031 

Fuel 12 ,019.  78  0. 015 

Plant  maintenance 27,969. 81  0. 035 

Plant  depreciation 6.786. 97  0. 008 

Total $93,120.09       0. 116 

Force  and  wages — One  crew  consisted  of  6  men  and  2  horses. 

Wages  paid — Engineer,  $4.00j  fireman,  $2.85;  groundman,  $2.00;  man  and 
team,  $4.50. 

Miscellaneous — Maximum  excavation  per  8-hr.  shift,  1,170  cu.  yds.;  maximum 
excavation  for  week,  16,000  cu.  yds.;  average  excavation  per  8-hour  shift, 
545.5  cu.  yds.;  average  excavation  per  actual  working  hour,  93.7  cu.  yds. 

The  excavation  was  done  under  water  during  seven  months  of  the  year 
and  during  the  winter  months  when  there  was  no  water  in  the  canal  frost 
interfered  with  the  work  to  a  considerable  extent.  Due  to  the  shape  of  the 
section  the  time  consumed  in  lifting  and  swinging  the  bucket  was  probably 
considerably  greater  than  on  most  excavation  with  an  equal  quantity  of 
material  to  move. 

Team  Excavation. — From  Mile  43.4  to  the  end  of  the  canal  and  at  other 
points  where  the  material  was  too  hard  for  the  excavators  to  move  the  excava- 
tion was  done  by  hand  and  teams.  The  total  quantity  moved  of  all  classes 
was  583,400  cu.  yds.  at  an  average  cost  of  37.5  cts.  per  cubic  yard.  Most  at 
this  work  was  done  by  force  account  and  under  widely  varying  conditions. 
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Much  of  the  material  was  of  sudi  a  nature  as  to  make  its  segregation  into  the 
different  classes  very  difficult  but  approximate  classification  is  as  follows: 
Class  1 — earth,  445.000  cu.  yds.;  Class  3 — ^rock,  41.000  cu.  yds.;  Class  ^ — all 
other  material,  97,400  cu.  yds.  All  the  work  was  done  during  the  winter 
months  and  much  frozen  material  whksh  otherwise  could  readily  have  been 
plowed  had  to  be  blasted. 

Cost  of  Concrete  Lining  for  Irrigatioii  Canals. — In  a  report  by  Samuel 
Fortier,  U.  S.  Dep't  of  Agriculture,  abstracted  in  Engineering  and  Contracting, 
Feb.  10,  1915,  the  following  facts  are  given. 

North  Side  Ttoin  FalU  Land  A  Water  Co.,  MUner,  Idaho. — This  company 
lined  8,400  ft.  of  its  main  canal  to  increase  its  capacity.  The  canal  is  carried 
for  several  hundred  feet  along  a  rough  lava  nx^  clifF  and  is  60  ft.  above  low 
water  in  the  river.  The  outer  bank  through  this  section  is  a  concrete  retain- 
ing wall.  The  remainder  of  the  lined  section  is  excavated  almost  wholly  in 
solid  lava.  The  grade  varies  from  0.001  in  narrow  places  to  0.0002  and 
0.00025  in  the  wider  sections.  The  canal  was  emptied  Oct.  10,  1909.  and  the 
work  of  preparing  it  for  the  concrete  was  commenced  as  soon  as  the  channel 
had  dried  sufficiently.  In  plecte  for  several  hundred  feet  from  the  head-gates 
the  canal  bed  was  considerably  below  grade.  The  rock  projecting  into  the 
canal  section  in  the  sides  and  bottom  was  blasted  and  smoothed,  the  low 
places  being  filled  to  subgrade,  with  broken  stone  and  puddled  earth.  An  8-in. 
thickness  of  concrete  was  applied  to  the  sides  of  the  rock,  sections  and  a  6-in. 
thickness  to  the  bottom.  The  sides  of  the  rougher  rock  sections  were  rip- 
rapped  to  secure  a  better  alignment  and  to  save  concrete.  Cavities  and  large 
irregularities  were  back-filled  with  stones  and  puddled  earth.  It  seems  to  the 
writer  that  the  6-in.  thickness  laid  on  the  bottom  of  rock  sections  might  have 
been  reduced  to  3  or  4  ins.  if  the  bed  had  been  better  prepared  by  replacing 
of  finely  crushed  stone,  compressbig  this  material  by  rolling  to  secure  an  even 
surface  and  uniform  grade,  as  is  done  in  macadamised  road  construction. 

The  concrete  was  composed  of  a  1:3:6  cement,  sand,  and  crushed  stone 
mixture,  but  whenever  a  wtil-gtaded  crushed  stone  could  be  secured  sand  was 
omitted  und  the  concrete  was  made  of  1  part  cement  to  6  parts  citished  stone 
from  which  all  particles  over  1^  ins.  in  diameter  had  geen  excluded. 

In  earth  sections  the  lining  of  the  sides  and  bottom  was  4  ins.  thick  and  had 
side  slopes  of  1^  to  1.  Expansion  joints  of  corrugated  iron  were  inserted 
every  16  to  20  ft.  along  the  sides  and  bottom  except  in  the  bottom  of  the  rock 
sections.  These  joints  consisted  of  pieces  of  corrugated  iron  cut  into  strips 
4  ins.  wide  containing  l^  corrugations,  these  being  designed  to  lock  the  edges 
of  adjacent  sections  and  to  prevent  lapping. 

The  side  walls  in  the  rock  sections  were  supposed  to  have  a  slope  ot\  to  4; 
but  in  many  places  where  this  would  have  necessitated  the  blasting  of  large 
amounts  of  rock,  walls  were  made  almost  vertical.  Heavy,  collapsible  forms 
of  2-in.  Itunber  were  used  in  placing  concrete  fpr  the  walls  which  approached 
the  Y&tical.  The  concrete  was  wheeled  directly  from  the  mixers  and  spread 
in  uniform  layers  4  ins.  thick  ov^  the  bottom  and  on  the  sides  of  the  easier 
dopes  in  earth  sections.  Concrete  placed  within  forms  made  of  4  x  4-in. 
lumber  was  compacted  by  tamping  and  finished  by  woridng  24^.  floats  made 
of  2  X  6-in.  timbers  back  and  forth  over  the  upper  surface  of  the  forms. 
Sixty  cubic  yards  of  concrete  per  day  were  sometimes  laid  in  this  way  by  one 
gang  working  under  favorable  conditions.  The  sides  and  slopes  were  finished 
with  a  coat  of  cement  mortar  whenever  the  surface  was  rough  enough  to  war- 
rant it. 
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The  unusually  high  cost  of  this  work  was  largely  due  to  the  dlfiBculty  of 
preparing  the  rock  cut  for  the  lining  and  to  the  absence  of  sand  ^d  grav^ 
which  made  It  necessary  to  crush  rock  for  the  concrete.  However,  a  greater 
factor  than  either  of  these  was  the  added  expense  due  to  the  necessity  of  prose- 
outing  the  work  during  severe  winter  weather.  To  do  this  the  canal  was 
roofed  over  for  a  distance  of  2,000  ft.  and  the  inclosed  space  warmed  by  speci- 
ally constructed  heaters,  using  sagebrush  for  fuel.  The  cost  of  labor  and 
material  was  as  follows: 

Laborers,  per  day  of  10  hrs $            2. 50 

Drillers,  per  day  of  10  hrs 2. 75-3.  00 

Engineers  (steam),  per  day 3. 00-4.  00 

Man  and  team,  per  day 5.  00 

Coal  per  ton.  f .  o.  b.  Milner 6.  50 

Cement  per  barrel,  f .  o.  b.  Milner 2.  59-2.  89 

Cost  of  crushing  rock^  per  cu.  yd 1.  10 

Cost  ol  labor  for  placing  concrete,  per  cu.  yd 2.  75 

Complete  cost  of  material,  mixing  and  placing  concrete  for  form 

work  only,  per  cu.  yd 8.  50 

Same  without  iforms 7.  50 

Cost  of  rook  excavation  (light  cuts  from  0.4  to  2  feet),  per  cu.  yd..  5. 00 

Cost  of  placing  riprap  1  foot  thick,  per  cu.  yd 2. 00 

Total  cost  of  preparing  8,400  lin.  ft.  of  canal  for  concrete 75 , OCX).  00 

Gross  cost  of  lining  8,400  lin.  ft.  of  canal 200,000. 00 

Average  cost  of  concrete,  per  cu.  yd 8. 00 

Main  Sofdh  Stde^  or  New  York  CancUt  United  StcUes  Reclamation  Service^ 
Boiee,  Idaho, — This  canal  is  designed  essentially  to  carry  flood  water  from  a 
point  on  the  Boise  River,  nine  miles  above  Boise,  to  the  Deer  Flat  reservoir, 
a  distance  of  36  miles.  Seventy  thousand  acres  of  land  is  also  watered  from 
the  canal  before  the  reservoir  is  reached.  About  dH  miles  of  the  canal  was 
lined  to  prevent  seepage,  increase  the  carrsring  capacity,  and  for  the  safety 
of  sidehill  sections  where  breaks  frequently  occurred.  The  canal  is  an  old  cme, 
originally  built  with  side  slopes  of  IH  to  1,  but  the  change  and  filling  up  of  the 
section  common  to  old  canals  necessitated  considerable  preliminary  work  in 
the  removal  of  very  gravelly  earth  and  in  shaping  the  sides  before  the  concrete 
could  be  laid.  The  lined  section  has  a  grade  of  0.00025  to  0.00032  and  slopes 
of  IH  to  1.  Forms  of  4  X  4-ln.  lumber  were  placed  upon  the  slopes  and 
aligned,  after  which  the  surface  between  the  forms  was  smoothed  and  th<»w 
oughly  hand  compacted.  A  uniform  layer  of  concrete  4  ins.  thick  was  then 
applied. 

After  heavy  stripping,  a  good  natural  mixture  of  sand  and  gravel  was  secured 
adjacent  to  the  canal.  This  was  hauled  by  slip  scrapers  up  a  runway  and 
dumped  into  the  mixers,  whidi  were  placed  high  enough  to  i>ermit  discharging 
the  concrete  directly  into  one-horse  carts.  The  concrete  was  a  1 :3:6  mixture 
of  Portland  cement,  sand,  and  gravel.  It  was  laid  in  sections  measuring  8  x 
16  ft.  on  the  slopes  and  8  X  16  or  16  X  16  ft.  on  the  bottom.  The  lining  was 
laid  in  alternate  sections  to  make  room  for  the  woricmen,  and  the  upper  seo- 
tions  were  usually  the  first  completed.  As  soon  as  the  concrete  of  the  first 
sections  had  set,  the  forms  were  removed  and  the  Intermediate  sections  filled 
in.  Expansion  joints  of  one  thickness  of  tar  paper  were  used  between  aectiima 
in  part  of  the  work. 

After  being  dumped  from  the  cars,  the  concrete  was  worked  down  and  lat^ 
smoothed  by  drawing  long  floats  made  of  2  X  6-in.  timbers  back  and  forth 
across  the  forms.  In  order  to  get  a  smooth  face,  the  surface  was  painted  with 
a  1  to  2  flntahing  coat  of  comeut  mortar  as  soon  as  the  concrete  was  placed  and 
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set.  The  lining  was  kept  wet  by  sprinkling  for  a  period  of  seven  days  after 
being  laid.  It  was  protected  from  nightly  freezes  during  the  early  part  of  the 
work  by  covering  with  a  layer  of  straw,  and  during  some  freezing  weather  in 
the  latter  part  of  the  work  some  concrete  was  laid  under  large  tents  heated  by 
stoves.    Some  of  the  cost  items  are  as  follows: 

Preparing  canal  section  for  lining,  per  lin.  ft.,  approximately $2. 80 

Hauling  gravel  to  mixers,  per  cu.  yd 1. 14 

Mixing  and  placing  cbncrete.  per  cu.  yd 2. 20 

Total  coet  of  conorete,  including  cement,  per  cu.  yd 7. 70 

Total  cost  of  concrete  in  place,  per  lin.  ft 9. 64 

Cement  per  barrel,  f .  o.  b.  Boise 2. 27-2. 60 

Common  labor,  per  day 2. 60 

Man  and  team,  per  day 5. 00 

Northern  Pcu^ific  Irrigation  Co.^  Kenneiciekj  Wash. — During  the  winter  of 
1910-11  this  company  lined  22.500  ft.  of  ditches  on  the  "Highlands"  at 
Kennewick  to  eliminate  heavy  seepage  losses.  The  soil  through  which  these 
ditches  are  built  is  principally  a  fine  sandy  loam  overlying  gravel  at  a  depth 
of  18  ins.  to  2  ft.  One  ditch  10,800  ft.  long,  3  ft.  wide  on  the  bottom,  with 
side  sloi)es  of  ^  to  1  and  a  vertical  depth  of  26  ins.,  is  designed  to  carry  18 
sec.-ft.  Another  ditch  having  in  part  a  bottom  width  of  Z}4  ft.,  side  slopes  of 
^  to  1,  and  a  vertical  depth  of  19H  ins.  is  designed  to  carry  14  sec.-ft.  This 
ditch  is  reduced  to  a  bottom  width  of  2H  ft.,  but  with  the  same  side  slopes 
and  depth  as  the  upper  part.  The  concrete  used  was  a  1:3:4  mixture  of  ce- 
ment, sand,  and  crushed  rock. 

In  preparation  for  lining,  center  grade  stakes  were  set  and  the  bottom  of  the 
ditch  brought  to  grade.  Scantlings  2X4  ins.  were  then  placed  across  the 
bottom  of  the  ditch  at  12-ft.  intervals  at  right  angles  to  the  center  line  and 
flush  with  the  subgrade.  Three  forms  12  ft.  long  were  then  set  in  the  ditch 
on  the  cross  strips  and  centered.  Earth  was  shoveled  and  tamped  behind  the 
forms  to  secure  the  desired  section.    There  were  14  men  in  a  crew  on  this  work. 

After  the  earth  sections  were  prepared  in  this  way,  2  X  2-in.  soreeds  were 
placed  at  intervals  of  5  ft.  8  ins.  and  up<Hi  them  forms  6  ft.  long  were  set  on 
every  other  space.  The  concrete  was  mixed  with  a  one-third  yard  mixer, 
wheeled  to  place  and  dumped  on  planks  laid  on  top  of  the  forms.  It  was  then 
shoveled  behind  the  forms  and  lightly  tamped.  Strips  of  sheet  iron  were 
inserted  behind  the  forms  to  protect  the  slope  while  the  concrete  was  being  put 
in  and  also  to  prevent  a  too  rapid  loss  of  water  from  the  mixture  by  its  contact 
with  the  drier  earth.  These  strips  were  raised  as  the  filling  progressed.  Two 
crews  of  5  men  each  placed  the  concrete  behind  the  forms,  2  men  wheeled  to 
each  crew,  and  about  5  men  were  employed  to  move  forms,  etc.  About  6  men 
were  in  the  mixing  crew  and  2  others  plastered  rough  places  in  the  lining. 
Water  kept  in  the  finished  ditch  a  few  hundred  feet  in  the  rear  of  the  work  was 
pumped  £^ead  to  the  mixer  with  a  small  gasoline  engine. 

The  engineer  stated  that  in  one  hour  a  crew  could  place  about  six  sections. 
or  34  lin.  ft.,  of  the  lining  in  the  ditch  having  a  3-foot  bottom. 

Lower  Yakima  Irrigation  Co.t  Richland,  Wash. — The  canal  <rf  this  company 
parall^  the  Yakima  River  for  several  miles,  where  the  earth  sections  run 
nuunly  through  coarse  gravel,  boulders,  or  shattered  basaltic  rock.  The 
remainder  of  the  system  is  very  largely  built  through  sand.  In  the  imlined 
chann^  the  seepage  losses  were  excessive,  and  through  the  sand  it  was  also 
difficult  to  maintain  the  ditch  owing  to  its  tendency  to  fill  up  both  by  drifting 
and  on  account  of  the  flat  side  slopes  whi(^  the  sand  naturally  assumed  imder 
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the  action  of  water.  The  lining  was  int^ided,  therefore,  not  only  to  reduce 
the  lobs  of  water,  but  to  increase  the  carrying  capacity  of  the  ditch  and  render 
it  more  stable  and  easy  to  maintain.  About  five  miles  of  the  ditch  was  lined 
in  1910.  The  company  furnished  aU  materials  used  and  prepared  the  channel 
for  lining,  but  the  other  work  was  done  by  contract. 

In  preparing  the  dit(^,  center  stakes  were  set  about  IH  ins-  above  grade,  to 
which  the  excavating  wa^  roughly  done  with  teams  and  scrapers.  At  intervals 
of  about  25  ft.  along  the  bottom  of  the  side  slopes  stakes  were  set  to  grade,  and 
from  these  the  top  slope  stakes  were  set  by  the  use  of  a  slope  triangle.  Nails 
were  driven  into  the  grade  stakes  and  chalk  lines  were  stretched  on  them  par- 
allel to  the  ditch.  Trimming  to  these  lines  was  done  then  with  square-pointed 
shovels  and  the  slopes  and  bottom  scraped  to  smooth  surfaces  with  straight 
edges.  The  sides  and  bottom  were  tamped  lightly  with  wooden  tami)er8  and 
sprinkled  before  the  lining  was  applied.  The  section  lined  has  a  bottom  width 
of  IIM  ft-,  side  slopes  of  IM  to  1,  and  a  wetted  perimeter  of  26H  ft. 

The  three  mixers  used  were  operated  on  planks  in  the  bottom  of  the  ditch  in 
advance  of  the  work.  With  each  mixer  there  was  a  crew  of  about  25  men  and 
in  addition  a  finishing  crew  of  5  or  6  men  to  dress  the  earth  surfaces  immedi- 
ately ahead  of  the  mixer.  One  rock  crusher  was  also  operated,  the  crushed 
rock  being  hauled  an  average  of  2  miles.  Most  of  the  sand  was  procured  from 
pits  along  the  line  of  the  canal  and  was  used  without  screening.  The  lining 
was  laid  in  8-ft.  sections  1^  ins.  thick;  with  strips  of  building  paper  in  the 
joints  between  the  sections.  Four  hundred  feet  of  lining  was  considered  a 
good  day's  work  for  a  crew.  A  1:3:4  mixture  of  concrete  was  used  for  meet 
of  the  lining,  but  on  one  section  a  1 :4  mortar  applied  1  in.  thick  was  considered 
just  as  good  as  the  thicker  lining  of  concrete,  besides  being  much  easier  to 
apply. 

The  lining  in  gravel  sections  leaked  considerably  the  first  season,  presum- 
ably because  allowed  to  dry  too  rai^dly  on  account  of  lack  of  water  for  keeping 
it  moist  after  laying.  In  work  that  was  done  the  following  year  this  difficulty 
was  obviated  by  allowing  a  small  amount  of  water  to  flow  in  the  ditch  soon 
after  lining,  using  check  dams  to  prevent  its  interference  with  construction. 
Men  wearing  rubber  boots  then  waded  along  and  with  shovels  or  buckets 
threw  water  up<m  the  side  slopes  at  frequent  intervals  to  keep  the  concrete 
wet  while  setting.  Where  lining  had  been  placed  on  moistened  sand,  the 
results  were  better  than  in  the  sections  through  gravel,  there  being  no  percepti- 
ble leakage.  Conditions  in  the  gravel  portion  improved  with  the  first  year's 
use  of  the  lined  sections,  after  which  the  seepage  was  considerably  lessened. 
The  various  items  of  cost  secured  are  as  follows: 

Laborers  per  day  of  10  hours,  without  board $         2.  50 

Man  and  team  per  day,  without  board 4.  50 

Contract  price  per  sq.  ft.  for  mixing  and  laying  concrete .  025 

Cement  per  barrel* 3. 10 

Sand  per  cu.  yd.,  approximately .  60 

Total  cost  of  lining,  per  sq.  ft .  OM 

Total  cost  of  Uning 9,064. 49 

*This  does  not  include  an  8-mile  haul  over  heavy  roads. 

During  February  and  Mareh,  1911,  the  company  placed  additional  lining, 

using  practically  the  same  methods  above  described,  except  that  all  work  was 

done  by  force  account.    The  prices  for  labor  and  material  indicate  that  the 

"^    work  was  done  considerably  chei^ter  than  in  the  previous  year.    Laborera 
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were  procured  for  $2  per  day  without  board  ^d  men  with  teams  for.  $4  per 
day  each.    Cement  cost  $2.95  j)er  barrel  delivered  at  the  work. 

Belgo-Canadian  Fruit  Landa,  Kelowna^  British  Columbia. — ^About  3,000 
ft.  of  this  company's  main  canal,  11  miles  long,  and  about  4  miles  of  its  lateral 
ditches  have  been  lined  with  concrete  to  prevent  seepage  losses  in  a  porous 
soil.  On  the  main  canal  a  3-in.  thickness  of  lining  has  been  used  for  a  finished 
section  having  a  bottom  width  of  3.5  ft.,  depth  3.75  ft.,  and  side  slopes  of  ^ 
to  1.  Lateral  linings  are  2>^  to  3  ins.  thick  on  slopes,  with  a  3-in.  thickness 
on  bottoms  which  vary  in  width  from  9  ins.  to  2  ft. 

After  excavating  the  channel  to  be  lined,  a  drain  filled  with  loose  rock  or 
gravel  was  made  beneath  the  bed.  Cross  drains  from  this  through  the  low^r 
bank  were  placed  at  500-ft.  intervals.  The  forms  were  then  set  and  bolted 
together.  Galvanized-iron  plates  placed  outside  the  forms  were  spaced  with 
pieces  of  lumber,  and  after  the  earth  was  back-filled  and  tunped  behind  the 
plates  concrete  was  poured  between  them  and  the  forms.  The  galvanized 
plates  and  spacing  pieces  were  withdrawn  as  the  space  was  filled  with  ooncreteu 
The  bottom  of  the  ditch  was  then  floated  in  and  the  edges  smoothed,  using 
for  this  purpose  the  excess  concrete  which  had  passed  over  the  forms.  The 
forms  were  left  in  place  48  hours. 

Curves  were  made  by  using  special  short  forms  having  the  outer  edge 
superelevated  H  to  1  in.  according  to  the  degree  of  curvature.  In  placing 
the  concrete  around  sharp  curves,  special  galvanized  plates  were  used  to  close 
the  gap  at  the  outer  edge  of  the  forms. 

No  cost  data  could  be  secured  on  the  lining  of  the  main  canal.  The  cost  of 
lining  laterals  per  square  foot  and  exclusive  of  excavation  varied  from  $0,118 
in  the  larger  to  $0,142  in  the  smaller  ones.  These  costs  include  excavation, 
back-filling,  rock  drains  and  supervision.  The  work  was  done  late  in  the  fall 
when  protection  against  frost  increased  the  cost.  Cement  cost  $3.75  per 
barrel  d^vered,  common  labor  $2.75  per  day,  and  skilled  labor  $4  per  day. 

Tucson  Farms  Co.,  Tucson,  Ariz, — The  water  for  this  project  is  obtained  by 
pumping  from  numerous  wells.  During  the  winter  and  spring  of  1912-13 
a  reinforced  concrete  lining  was  placed  in  about  2H  miles  of  the  new  main 
canal  for  the  prevention  of  seepage  losses  through  a  sandy  and  gravelly  soil. 
The  canal  has  a  trapezodial  cross  section  entirely  in  excavation  and  as  lined 
Is  capable  of  carrying  a  2.9-ft.  depth  of  water.  The  bottom  width  ranges  from 
2  to  4^  ft.  and  the  side  slopes  are  1  to  1,  The  greater  part  of  the  concrete 
used  in  this  construction  is  a  1:4:4  mixture  and  the  lining  is  3  ins.  thick 
throughout. 

In  grading  the  channel  for  lining,  a  framed  template  was  used  to  get  a  true 
section.  The  reinforcement  is  made  of  round  steel  bars  intersecting  ^t  right 
angles  and  wired  together.  Font  longitudinal  bars,  He  hi.  diameter,  were 
placed  one  on  each  side  of  the  bottom  for  the  lining  floor  and  one  on  each  side 
near  the  top  of  the  side  walls.  Then  at  right  angles  to  these,  as  stated,  K-in. 
crossbars  were  spaced  12  ins.  apart.  Each  crossbar  was  continuous  and  ex- 
tended fr^oi  the  top  of  the  lining  on  one  side  through  the  lining  to  the  top  of 
it  on  the  opposite  side  of  the  canal.  When  it  is  not  possible  to  obtain  the 
^-in.  bars,  Ke-in*  bars  we^  substituted  and  spaced  18  ins.  apart. 

Wooden-framed  forms  built  in  12-ft.  sections  were  then  set  in  position  over 
the  steel  reinforcement,  blocked  to  place,  and  the  adjoining  ends  bolted  to- 
gether. Then  >^-in.  steel  backing  plates,  2  ft.  wide  and  long  enough  to  reach 
to  the  bottom  of  the  earth  section,  were  slipped  behind  the  forms  and  under 
the  reinforcement.    Before  placing  the  concrete,  wooden  spreader-strips. 
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2X3  ins.  were  set  between  the  wooden  forms  and  the  backing  plates.  Each 
spreader  contained  a  staple  driven  almost  full  length  into  its  side  near  the 
bottom,  and  in  setting  the  spreader  the  staple  loop  was  slipped  over  the  end  ot 
the  crossbar  and  the  spreader  was  then  slid  into  position.  In  this  way  the 
bar  was  carefully  held  in  position  while  the  concrete  was  being  placed  in  the 
forms.  A  spreader  was  set  beside  each  crossbar,  and  as  the  concrete  for  the 
side  lining  was  tamped  and  puddled  into  place  the  spreaders  were  gradually 
removed,  leaving  the  crossbars  firmly  embedded  in  the  concrete.  The  steel 
plates  likewise  were  withdrawn  as  the  walls  were  built  up.  When  the  side 
forms  were  filled  with  concrete  to  within  3  ins.  of  the  top,  the  longitudinal 
bars  were  placed  and  wired  to  the  crossbars.  The  remaining  concrete  was  then 
placed  and  smoothed  with  an  edging  trowel. 

Expansion  joints  were  provided  by  setting  1  X  3-in.  wooden  strips  in  the 
middle  of  each  form  in  the  same  manner  as  the  spreaders,  except  that  no 
staples  were  used  and  the  joint  strips  were  not  removed  afterwards.  To  keep 
them  in  position  while  concrete  was  being  deposited,  each  one  was  lightly 
nailed  to  the  side  of  the  form,  aud  before  the  latter  was  removed  the  nails 
were  withdrawn.  The  forms  were  left  intact  for  a  period  of  8  hours  at  least, 
and  they  usually  remained  undisturbed  over  night  during  a  period  of  14  to  20 
hours.  After  their  removal  any  defects  in  the  wall  surface  were  "picked" 
out  and  the  cavities  smoothly  plastered  with  a  1:1K  or  2  cement  mortar. 

The  canal  bottom  was  then  carefully  cleared  of  litter,  its  surface  smoothed, 
and  solidly  tamped.  All  reinforcement  bars  that  may  have  become  bent 
were  straightened.  The  bottom  piece  of  the  expansion  joint  was  fitted  to  the 
two  side  pieces  and  its  top  carefully  laid  to  grade.  The  concrete  for  the  floor 
lining  was  then  tamped  and  puddled  into  place,  and  when  it  had  reached  the 
required  thickness  the  surface  was  easily  brought  to  grade  and  smoothed  by 
the  use  of  a  straightedge  resting  on  the  bottom  joint  strips  as  guides.  The 
entire  lining  was  kept  wet  by  continual  sprinkling  during  a  period  of  three  to 
five  days.  After  this  was  discontinued  a  wash  coat  of  neat  cement  mortar 
was  applied  to  the  surface  with  a  brush. 

A  1:4:4  mixture  of  concrete  was  used  on  all  the  work  except  for  about 
1,000  ft.  of  bottom  where  there  was  excessive  external  water  pressure.  In 
this  portion  of  the  canal  a  1  : 3.2  : 3.2  mixture  was  used.  As  a  further  protec- 
tion in  one  very  wet  and  miry  place,  additional  reinforcement  was  used  in  the 
bottom.  Extending  over  a  length  of  about  5.000  ft.  of  the  largest  canal  section 
near  the  Santa  Cruz  River  bed,  "weep  holes"  were  formed  in  the  bottom  to 
relieve  external  water  pressure.  Two-inch  tapering  plugs  extending  entirely 
through  the  lining  fioor  were  set  in  the  freshly  laid  concrete  and  these  plugs 
were  later  removed  as  soon  as  the  concrete  had  set  sufficiently  to  retain  Its 
shape.  Two  rows  of  these  holes  were  made  2H  ft.  apart  and  spaced  4  ft. 
longitudinally.  During  construction  a  considerable  portion  of  the  canal  was 
drained.  A  line  of  8-in.  tiling  was  laid  in  the  bottom  and  pumps  attached 
thereto  were  Installed  at  intervals  of  about  1,000  ft.  to  withdraw  th^  accumu- 
lated water. 

The  contractor  received  $12.50  per  cubic  yard  for  the  finished  concrete 
lining,  using  slab  measurement.  This  included  all  costs  except  the  original 
purchase  price  of  the  steel  reinforcement.  However,  no  excavation  was 
included  and  the  company  paid  extra  for  the  wash  coat.  The  contractor 
rented  a  rock  crusher  and  delivered  the  rock.  Sand  was  obtained  from  the 
river  bed. 

All    concrete    was    mixed    by    hand  and  transported  in  wheelbarrows. 
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The  work  was  peifonned  with  gangs  of  about  30  men.  i>ald  tor  a  (Muwr  day, 
as  fc^ows: 

1  foreman $4. 00 

Mixing  boBs  and  2  plasterers .'. 2. 50 

2  water  boys 1. 00 

25  men 2.00 

The  gang  was  used  in  the  following  manner:  Eight  men  on  mixing  board,  2 
tampers,  2  men  pulling  plates  and  spreaders,  2  men  setting  forms  and  putting 
In  expansion  joints,  2  men  laying  steel  reinforcement,  14  men  transporting  and 
depositing  materials  and  concrete,  finishing,  screening  sand,  etc.  The  forms 
were  usually  all  moved  at  one  time  and  the  whole  force  engaged  on  that  work. 
It  required  this  gang  21  days  to  place  lining  in  3,000  ft.  of  canal  in  dry  exca- 
vation having  a  bottom  width  of  3  ft.  The  co^  to  the  contractor  was  dis- 
tributed as  follows: 

Lab<n',  including  the  building  of  forms $1 ,297. 88 

l,712.8acka  ofment,  at  80.81  each   1,386.72 

232  cu.  yds.  of  rock,  at  81.75  per  cu.  yd 406. 00 

232  cu.  yds.  of  sand,  at  80.75  per  cu.  yd 174.  OO 

Lumber  in  15  sections  of  12-ft.  forms,  3,900  ft.  B.  M.,  at  830  per  M. .  117 .  00 

Lumber  for  expansion  joints,  750  ft.  B.  M.,  at  830  per  M 22.  60 

Lumber  for  spreaders,  runways,  etc.,  750  ft.  B.  M.,  at  830  per  M. .  22.  8Q 

Water  purchased  from  the  city  of  Tucson,  21  days  at  82 42. 00 

Hauling  steel  reinforcement 10. 00 

D^u-eaation  of  plant,  breakage  of  tools,  etc 20. 00 

Office   exi>enses  and   expenses   of   contractor   and   superintendent, 

amounting  to  about  %2  per  day  for  this  gang,  21  days 42. 00 

Total 83,540.66 

Computations  made  on  the  above  basis  for  298.9  cu.  yds.,  the  cost  was 
811.845  per  cubic  yard.  However,  there  were  in  addition  the  following  costs 
to  the  Tucson  Farms  Co. : 

9.800  lbs.  of  steel,  at  80.04 8372. 00 

One  coat  of  cement  wash,  34,500  sq.  ft.,  at  80.0025 86. 26 

Engineering,  about  5  per  cent 195. 00  • 

Total 8653760  "^ 

On  this  basis  the  actual  cost  of  the  completed  lining  was  814.03  per  cubic 
yard. 

Cost  of  Lining  an  Irrigation  Canal  With  Concrete. — ^In  a  paper  by  £.  M. 
Chandler,  before  the  Washingt<Mi  Irrigation  Inst.,  and  abstracted  in  Engineer- 
ing and  Contracting,  June  2,  1915,  the  following  data  are  given. 

The  canal  lined  was  a  used  canal  of  the  Burbank  Power  &  Water  Co.,  Bur- 
bank,  Wash.  Construction  methods  were  carefully  planned  in  advance  and 
followed  without  variation.  The  canal  bed  was  settled  with  water  for  two 
weeks,  the  canal  being  divided  into  short  compartments,  and  water  permitted 
to  run  from  the  upper  compartments  to  the  lower  for  filling. 

After  canal  settlement,  line  and  grade  stakes  were  set  every  five  feet,  each 
stake  being  a  hub  with  center  marked  and  its  top  set  to  the  final  concrete 
grade.  The  pre-determined  width  of  the  strips  was  5  ft.  The  pre-determined 
thickness  of  concrete  of  lining  was  0.2  ft.,  the  base  6  ft.,  depth  of  canal  3  ft.  and 
side  slopes  l^i  to  1 — ^the  carrying  capacity  being  60  sec.  ft. 

With  the  line  and  grade  set  once  and  for  all,  templates  were  constructed 
having  the  exact  thickness  ot  the  proposed  lining  and  the  exact  ^ape  of  the 
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finMied  canals.  With  the  fine  and  grade  stakes  and  a  carpenter's  levfH,  it  was 
I)06sible  for  the  workmen  to  trim  the  sub-grade  precisely  as  it  should  be. 
This  work  was  carried  on  a  few  hundred  feet  in  advance  of  the  canal  lining. 
Accurate  work  at  this  point  was  very  essential  to  secure  uniform  thickness  of 
lining. 

Sand  and  gravel,  after  being  run  through  a  l^i-in.  rotary  screen,  was  found 
in  natural  proportions  about  one  mile  from  the  center  of  the  work.  This  was 
hauled  by  contract  at  $1.75  per  cubic  yard  measured  in  the  finished  lining  and 
placed  in  piles  above  the  canal  150  ft.  apart  and  15  ft.  back  from  the  slope  of 
the  canal,  the  slope  of  the  ground  above  the  canal  not  being  very  great.  Ex- 
perience subsequently  proved  that  the  piles  of  gravel  might  better  have  been 
200  ft.  apart. 

Two  steam  driven  concrete  batch  mixers  mounted  on  trucks  and  equipped 
with  side  loaders  were  started  at  the  center  of  the  canal  to  be  lined  (8,250  ft.) 
each  working  away  from  the  other  and  endeavoring  to  obtain  its  end  of  the 
lining  first.  The  mixers  were  moved  from  pfle  to  pile  on  plank  runways  and 
pushed  by  the  men— the  mixers  being  on  the  upper  side  of  the  canal  at  aU 
times  and  passing  between  the  canal  and  the  line  of  piles  of  gravel.  For  each 
mixer  outfit,  a  movable  trough  or  chute  was  provided  for  takiog  the  discharge 
of  the  mixer  and  depositing  it  in  the  concrete  carts  in  the  bottomof  the  canal. 
The  lining  was  laid  at  two  points  for  each  mixer,  starting  75  ft.  on  each  side  and 
working  toward  the  mixer.  Plank  runways  in  the  canal  bed  were  provided 
and  one  concrete  cart  for  each  laying  gang  was  employed. 

The  mixture  was  made  on  the  basis  of  1  bbL  of  cement  to  1  cu.  yd.  of  fin- 
ished concrete,  or  about  1  to  7,  and  made  as  wet  as  the  side  slopes  would  per- 
mit. Two  men  in  each  laying  gang  placed  the  concrete  roughly  with  square 
p<)inted  shovels,  one  man  helped  dump  the  concrete  carts  in  the  bottom  ot  the 
flive-foot-strip  being  lined,  and  between  times  made  ready  the  next  strip  and 
dampened  the  subgrade,  while  a  fourth  man  in  each  laying  gang  trowelled  the 
rough  concrete  into  the  finished  shape. 

Three  men  were  required  for  each  mixer  to  supply  the  raw  materials  to  the 
machine,  one  man  for  fireman  and  engineer,  one  man  to  dump  the  mixer,  and 
one  man  to  hoe  the  concrete  down  the  chute.  An  additional  man  covered  the 
finished  lining  with  wet  burlap  strips  and  k^t  moving  them  forward. 

The  water  was  hauled  U^  miles  on  the  average  by  three  four-horse  teams 
hauling  ^00-gal.  tanks  on  wagon  trucks.  The  exact  amount  of  coal  required 
at  each  setting  was  pre-determined  and  left  there  in  advance  in  sacks.  The 
laying  ot  this  8,250  ft.  of  cbncrete  lining  was  completed  in  14  working  days. 
As  much  as  dOO  ft.  in  one  day  were  accomplished.  The  men  became  very 
skillful  in  moving  the  machines  and  were  able  to  lose  not  over  15  minutes  time 
at  each  moving.    The  cost  of  the  actual  concrete  was  as  follows : 

Per 
cu.  yd. 

Band  and  mvol.,. $1. 76 

Cement  delivered 2.  65 

Water 25 

Coal 10 

Labor  mixing  concrete 65 

Labor  laying  concrete 88 

Superintendence SI 

Total  per  cubic  yard %6. 69 

In  addition  to  the  above,  the  cost  of  equipment  less  its  salvage  value,  was 
82  cts.  per  cubic  yart.  the  cost  of  trimming  the'canal  bed  was  72  cts.  per  oublo 
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3rard  uid  the  ttigineeriiig  was  32  cts.  per  cubic  3rard.  This  made  a  grand 
total  of  $7.95  per  cubic  yard  or  $1.10  per  linear  foot  of  canal. 

The  cost  of  cement  was  $2.25  per  barrel  f .  o.  b.  Burbank,  common  labOT  was 
paid  25  cts.  per  hour  with  a  bonus  of  2\i  cts.  for  staying  until  the  job  was 
finished,  and  the  finish^v  and  firemen  were  paid  27^i  cts.  per  hour  with  a 
b<mus  of  2}^  cts.  under  the  same  conditions.  With  but  few  exceptions,  we 
wOTe  required  to  pay  the  bonus,  and  it  was  a  good  investment,  as  it  overcame 
the  great  donoralizer  oi  day  labor  work  of  this  kind — constant  (dianging  of 
personnel.  The  incentive  to  do  fast  work  was  created  by  the  two  mixer 
gangs  racing  for  the  finish. 

Cost  of  Concrete  Lining  Irrigation  Laterals,  Orland  Project,  U.  S.  Reclama- 
tion Service. — The  following  is  an  extract,  published  in  Engineering  and 
Ck>ntracting,  April  12,  1916,  of  an  article  by  A.  N.  Burch,  in  the  "  Reclamation 
Record"  for  April,  1916. 

To  February,  1916,  there  had  been  Uned  about  22  miles  of  laterals  on  the 
Orland  project,  in  sections  rouging  from  a  few  feet  in  length  and  requiring  less 
than  a  cubic  yard  of  concrete  to  a  maximum  section  of  8,800  ft.  The  cross 
sections  <^  the  lat^^ils  lined  have  nmged  from  a  bottom  width  ei  2  ft.  and 
verticil  d^th  of  1  ft.  to  a  bottom  width  of  8  ft.  and  vertical  depth  of  4^  ft. 

Laterals  originally  designed  for  lining  were  built  with  1 : 1  bank  slopes; 
other  laterals  with  1^:1  and  2  : 1  slopes.  On  the  distribution  system  covering 
the  6,000  acres  recently  taken  into  the  project  all  laterals  were  designed  for 
lining,  where  a  reduction  of  cross  sections  and  the  elimination  of  drops  would 
justify  this  cotu^e,  as  compared  with  building  a  larger  earth  section  and  install- 
ing the  necessary  drops  to  reduce  the  grade. 

On  the  project  generally,  lining  has  been  placed  in  all  fills;  in  the  small 
laterals  acquired  from  the  old  Stony  Creek  company  and  located  within  high- 
way boundaries,  for  the  purpose  of  increasing  their  carrying  capacity  and 
reducing  miuntenanoe;  in  sections  where  seepage  was  excessive;  as  a  protection 
over  storm  culverts  and  on  curves;  also  at  forks  of  laterals  where,  because  of 
the  number  of  structures,  it  was  difficult  to  clean  with  teams. 

For  the  longer  stretches  of  the  work  a  4-cu.  ft.  mixer,  driven  by  a  3-hp. 
gas  engine,  all  mounted  on  trucks,  is  used;  for  the  short  stretches  small  hand- 
mixing  crews  are  employed.  The  aggregates  used  are  run  of  bank  material 
obtained  from  creeks  in  the  vicinity  of  Orland.  The  proportions  of  mix  are 
approximat^y  1:3:5,  giving  1  cu.  yd.  of  concrete  in  place  of  1. 1  bbl.  of  cement. 

The  mixOT  crew  is  made  up  of  a  foreman,  with  about  30  men  and  2  teams. 
Nine  m^i  are  employed  at  the  mixer  in  wheeling  and  in  placing  and  finishing, 
and  from  18  to  20  men  in  trimming  the  slopes  and  preparing  the  bottom  for 
receiving  the  lining.  One  team  is  employed  in  hauling  cement  and  one  in 
h«.iiHng  water  and  miscellaneous  work.  When  it  is  x>ossible  to  do  so,  water  is 
run  in  the  laterals  and  kept  close  behind  the  lining  crew,  thus  reducing  the 
distance  of  haul  to  the  mixer  and  simplifying  the  process  of  wetting  the  com- 
pleted work.  No  special  tools  are  used  in  preparing  the  slopes  and  bottom  for 
lining,  the  work  being  done  with  mattoclcs,  piclcs,  and  square-ended  shovels. 

The  mixer  is  usually  set  up  at  the  side  of  the  lateral  In  the  center  of  a  500-ft. 
section,  making  the  maximum  wheel  for  concrete  250  ft.,  which  was. found  to 
be  about  the  greatest  economical  distance  to  wliich  the  material  could  be 
wheeled.  As  most  of  the  lining  Is  placed  in  fills,  trenches  are  cut  through  the 
ditch  banks  to  admit  of  a  wheeling  plank,  which,  when  placed,  lands  on  a  small 
turning  platform,  from  which  an  incline  leads  to  the  bottom  of  the  lateral, 
and  to  additional  boards  on  which  the  material  Is  wheeled  to  the  placets. 
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End-dump  barrows  are  used,  and  the  material  is  dumped  into  a  mud  bos, 
from  which  it  is  shoveled  to  the  slopes. 

The  mixing  crew  is  made  up  of  one  mixer  operator,  two  shovelers  for  charg- 
ing the  mixer,  three  wheelers,  and  three  placers  and  finishers.  Of  the  latter, 
No.  1  places  the  concrete  to  the  required  thickness  (being  guided  by  a 
templet).  No.  2  compacts  the  material  and  finishes  it  roughly  with  a  squaie> 
ended  shovel,  and  No.  3  gives  the  final  finish  with  a  5  by  18-in.  long-handled 
Arrowsmith  trowel,  finally  cutting  the  expansion  joints  with  a  straight-edge 
and  pointing  trowel  and  smoothing  them  up  with  a  grooving  tool.  Before 
placing  the  lining  the  slopes  are  thoroughly  wet  by  means  of  a  force  pump 
attached  to  a  water  wagon,  and  the  finished  lining  is  kept  wet  from  3  to  5  days, 
depending  on  weather  conditions.  The  average  dai^  output  of  the  mixer 
force  is  25  cu.  yd.,  and  the  maximum  30.3  cu.  yd. 

For  short  stretches  of  lining  hand-mixing  forces  of  about  12  men  each  are 
employed.  From  5  to  7  men  are  employed  in  mixing  and  placing,  and  about 
an  equal  number  in  preparing  the  slopes  and  bottom  for  receiving  the  lining. 
The  same  equipment  and  about  the  same  arrangement  are  used  in  the  opera- 
tion of  these  crews  as  is  the  case  with  the  mixer,  except  that  the  mixing  board 
is  placed  on  timbers  which  span  the  lateral,  the  aggregates  are  wheeled  on 
to  the  board,  and  the  concrete  shoveled  into  barrows  in  the  bottom  of  the 
ditch,  there  being  no  incline  over  which  to  wheel  the  material.  These  gangs 
average  about  12  cu.  yd.  per  day,  and  when  there  has  been  a  full  day's  run 
without  any  long  moves  have  made  15  cu.  yd. 

There  is  little  difference  in  the  cost  of  lining  whether  the  material  be  hand  or 
machine  mixed,  although  the  machine  turns  out  a  better  and  more  uniform 
grade  of  concrete. 

From  October  to  June  climatic  conditions  on  the  Orland  project  are  very 
favorable  for  this  kind  of  work,  as  there  are  no  temperatures  low  enough  to 
affect  the  concrete  adversely,  and  moisture  conditions  are  usually  such  that 
the  lining  can  be  cured  properly  with  little  expense  for  wetting.  During  the 
summer  months  moisture  conditions  are  reversed,  and  because  of  the  thinness 
of  the  lining  it  is  necessary  to  wet  it  from  two  to  four  times  per  day  until  it  is 
properly  set.    Following  are  unit  costs  and  related  data : 


Cost  peb  Squabb  Yard 

Cement  delivered  on  work fO.  0957 

Gravel  delivered  on  work 0408 

Mixing  concrete .  0314 

Placing  concrete 0294 

Sprinkling  and  protecting 0046 

Preparing  section  for  lining 0607 

Fi^  superintendence  and  engineering 0010 

Maintenance  of  equipment 0022 

Plant  arbitrary 0043 

ToUl  laBor  and  material SO.  2791 

General  expense 0639 

Total  cost  to  United  SUtes SO.  3430 

Thickness  of  lining,  IH  inches.  Total  placed  in  square  yards,  191,400. 
Total  in  cubic  yards,  7,900.  Cost  per  cubic  yard,  S8.26.  Average  haul  (round 
trip),  gravel,  5  miles.  Average  haul  (round  trip),  cement,  6  miles.  Foreman, 
S3.20  per  day  to  S95  per  month.  Finishers,  S3  to  S3.20  per  day.  Laborers, 
S2.40  to  S2.60  per  day.  Teamsters,  with  teams.  S4.50  to  So  per  day.  Cement, 
S2  per  bureL    Gravel,  SI  per  cubio  yard.    Lumber,  S14  to  S22  per  M.  B.  M. 
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Cost  of  Concrete  lining  of  Canals  and  Tunnels  of  the  Natohes-Selah 
Irrigation  Works. — Public  Works,  April  3, 1020,  gives  the  following: 

Tbe  Natches-Seiah  Irrigation  System  in  Yakima  Valley,  Wash.,  serves 
about  10,500  acres  of  orchard  land  by  a  OMiduit  carried  through  a  mountainous 
region  in  tunnels,  flumes  and  canals.  The  work  includes  the  reconstruction 
of  about  3  mUes  of  the  original  water-way  and  the  building  of  nearly  4  miles  of 
new  structures  and  was  executed  on  tbe  cost^plus-fixed-sum  basis. 

The  flumes  and  the  canal  linings  were  made  with  concrete  mixed  with 
aggregate  from  a  bar  in  the  stream,  crushed  when  necessary,  and  delivered  to 
the  mixers  at  various  plants  located  at  convenient  places  for  the  different 
secticms  of  the  work. 

Canal  Linino. — ^The  canal,  some  of  which  is  a  revision  of  the  old  canal,  has 
a  regular  cross-section  so  as  to  conform  as  nearly  as  i>ossible  with  average 
conditions  and  made  with  edc^ing  sides  and  bottom  covered  with  8  inches  of 
concrete  reinforced  by  12  X  12  inch  Clinton  wire  mesh  made  with  No.  12 
wire  embedded  1^  inches  from  the  surface.  Transverse  construction  joints 
5  feet  apart  longitudinally  were  scored  )i  inch  deep  to  fix  contraction  cracks. 


Fia.  8. — Standard  croes-Bection  of  canal. 


In  general  the  canals  are  in  adobe  or  other  soil  that  retains  the  moisture  and 
<m  previous  work  has  caused  much  trouble  with  frost.  In  order  to  prevent  as 
much  as  possible  temperature  cracks  tbe  1:2:4  concrete  was  plaodd  in  cold 
weather  so  that  any  cracks  will  dose  by  expansion  in  summer  time. 

The  wire  mesh  in  roUs  a  little  more  than  6  feet  wide  was  laid  in  longitudinal 
strips,  two  on  the  bottom  and  one  on  each  side,  and  tied  together  on  the 
edges  with  wire  projections  from  the  sides  of  the  strips.  The  concrete  was 
placed  in  two  courses,  plastered  on  the  bottom  and  sides  of  the  canal  like 
marUn  with  the  reinforcement  placed  on  top  of  the  first  course  and  covered 
by  the  second  course. 

Aggregate  and  cement  bags  delivered  alongside  the  canal  by  motor  trucks 
wexe  stored  in  heaps  adjacent  to  the  portable  mixers  with  elevating  charging 
hoppers  that  were  moved  at  frequent  intervals  as  the  work  progressed.  The 
mixers  discharged  through  open  chutes  supported  at  the  lower  end  on  light 
wooden  towers  where  the  discharge  was  controlled  and  the  concrete  delivered 
to  two-wheel  carts,  pushed  by  hand  over  plank  runways,  dumped  as  required 
and  shoveled  and  raked  to  position. 

The  cost  of  preparing  the  subgrade  and  building  the  lining  averaged  $2.66 
per  linear  foot,  equivalent  to  $0.66  per  square  yard  <^  surface.  The  cost 
of  the  concrete  lining  in  place  including  the  reinforcement  was  $5.70  per  linear 
foot,  allowing  $23.16  per  cubic  yard  for  concrete.  Laborers  received  from 
$4.60  to  $6.00  per  day  and  were  of  inferior  quality. 
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Tunnels, — The  timnels  have  a  horizontal  floor,  vertical  side  walls  and 
mental  roofs  with  2-foot  rise.  The  uniform  width  of  7  feet  was  the  most 
practicable  minimum  for  construction  operations  and  the  height  of  the  side 
walls  varied  from  4^6  to  5  feet,  according  to  grade.  Except  in  timbered 
sections  the  concrete  lining  was  generally  6  Inches  thick  with  a  4-inch  floor 
over  rock  bottom. 

With  one  exception,  of  a  tunnel  only  1,082  feet  long  which  was  through 
cemented  gravel  and  large  boulders,  sdl  of  the  eight  timnels  aggregating 
8,718  feet  in  length,  were  driven  through  soft  dry  sand-stone  or  shale  in  which 
the  holes  for  blasting  were  made  with  coal  augers.  The  tunnels  were  driven 
in  full  size  headings.  At  one  time  the  double  shifts  on  the  double  headings  of 
flve  tunnels  required  twenty  gangs  that  made  an  aggregate  advance  of  140 
feet  per  day.  The  muck  was  hauled  by  mules  and  the  tunnel  was  lined  as  soon 
as  possible,  because,  although  the  rode  stood  well  wh^i  first  blasted,  a  long 
exposure  made  it  very  treacherous. 

Concrete  Plant. — Concrete  was  made  with  sand,  gravel  and  crushed  stone 
all  dredged  from  the  river  bed  with  a  l>4-yard  dragline  bucket  operated  from 
a  60-foot  derrick  boom.  The  sand  was  washed  through  the  screens  by  a 
2-inch  centrifugal  pump  providing  enough  water  to  facilitate  the  loading  into 
trucks  by  which  it  was  delivered  to  the  concrete  mixers.  Large  stones  were 
broken  in  an  electric  jaw  crusher  and  the  three  storage  bins  were  mounted  on 
rollers  and  advanced  by  anchored  tackles  operated  by  the  hoisting  engine  of 
the  derrick  whenever  the  extension  of  the  pit  required  a  movement  to  be  made, 
usually  every  other  day. 

The  derricks  were  similarly  shifted  on  greased  skids  and  hauled  forward  by 
the  same  tackles,  these  movements  requiring  about  two  hours.  The  plant 
was  operated  twelve  hours  a  day  by  a  five-man  gang. 

One  of  several  mixing  plants  was  installed  on  the  top  of  a  good  sized  hiU 
that  enabled  the  trucks  to  dump  aggregate  directly  into  the  storage  bins 
which  delivered  by  gravity  to  the  two-bag  machine  that  was  operated  by  one 
man  and  discharged  through  an  open  chute  150  feet  long  terminating  with  a 
spout  to  the  portal  one  hundred  feet  vertically  below  it. 

Tunnel  Lining. — Two  6  X  2-inch  longitudinal  strips  of  concrete  were  laid 
on  the  sides  of  the  tunnel  floor  to  support  the  wall  forms  and  after  the  invert 
between  the  strips  was  concreted,  the  sectional  wooden  forms  that  were 
removed  before  the  wooden  arch  forms  were  set,  were  wedged  to  position. 
The  4^foot  sections  of  arch  were  concreted  and  rammed  in  about  one-half 
hour  by  a  four-man  gang.  The  total  cost  of  lining  exclusive  of  engineering, 
including  cost  and  contractors'  compensatioUt  was  $103,834  averaging  $23 
per  cubic  yard.  The  total  cost  of  the  finished  tunnels  was  $175,307,  averaging 
$20.10  per  linear  foot.    The  inefficient  labor  received  $4.50  per  day. 

Cost  of  Concrete  Lining  Irrigation  Canal. — ^An  article  in  Engineering  and 
Contracting,  Jan.  1, 1913,  by  A.  T.  Petheram,  gives  the  following: 

The  general  dimensions  of  the  canal  section  are  shown  in  Fig.  9. 

The  volumes  of  concrete  in  lining  were  13,502  sq.  yds.,  and  766  cu.  yds., 
the  mixture  being  a  1 : 6  cement  and  sand.  All  mixing  was  done  by  hand  on 
4^  X  10  ft.  mixing  boards  set  on  the  ditch  bottom  and  moved  by  haAd. 
Sand,  water  and  cement  were  ddivered  on  the  upper  side  of  the  canal;  the 
sand  was  measured  in  boxes  containing  1  cu.  ft.  and  dumi)ed  in  trough  to 
mixing  board.  Water  was  hauled  in  650-gal.  tanks  an  average  distance  of 
2H  miles,  and  was  delivered  in  barrels  to  each  mixing  gang.  Each  batch  was 
turned  over  twice  dry,  water  was  added  and  the  wetted  mixture  was  turned 


IRRIGATION 


543 


twice.  A  mixing  gang  consisted  of  7  men  as  follows:  4  mixers,  1  top  man  to 
deliver  sand  and  water,  1  assistant  trowel  man,  and  1  trowel  man,  who  also 
acted  as  foreman.  The  wages  paid  for  labor  were  as  follows,  the  rates  per 
hour  being  for  a  ten-hour  day : 

Inspector,  per  day %    6. 00 

Foreman,  per  month. . : 125. 00 

Timekeeper,  per  month 75.  00 

Cook,  per  month 98. 00 

Ckurpenter,  pex  hour 35      cts. 

Sub-foreman,  per  hour 27^  eta. 

Trowel  man,  per  hour 30      eta. 

Team  and  driver,  per  hour 60      eta. 

Common  labor,  per  hour 22H  cts. 

—  IS'6 r- 

-5^0' +— 1     t)VS 

Fig.  9. — Section  of  cement  lined  canal,  Hanford  Irrigation  &  Power  Co.,  Wash. 


The  number  of  men  employed  was  75  and  they  lined  on  an  average  80  ft. 
of  canal  per  ten-hour  day. 

The  concrete  materials  required  were  1,054  bbls.  of  cement.  771  cu.  yds.  of 
sand  and  82,850  gals,  of  water.  The  costs  of  these  materials  distributed  on 
the  work  were  as  follows: 

Cement. — Two  brands  of  cement  were  used.  Golden  Gate,  654  bbls.,  and 
Red  Devil,  400  bbls.,  and  the  costs  distributed  on  the  work  were  as  follows: 

Golden  Red 

Item  Gate  Devil 

Cost,  f .  o.  b.  Kenne^ck ' $2.  75  $2.  60 

Drayage  at  40  cts.  per  ton 0. 076  0. 076 

Boat  to  Hanford  at  $3  per  ton 0.  57  0.  570 

Hauling  to  job,  $1.50  per  ton 0. 285  0.  285 

Distribution 0. 037  0. 037 

Total S3.  718         $3.  668 

Credit,  4  sacks  at  10  cts 0. 40  0. 40 

Net  cost  per  barrel 13. 318         $3. 168 

The  total  cost  for  cement  distributed  on  the  job  was  therefore: 

654  bbls.  at  $3.318 $2 ,  170. 20 

400  bbls.  at  $3.168 1 .267. 44 

Total $3,437.64 


Water. — The  cost  of  water  was  the  cost  of  handling  82,850  gals.,  which  waa 
$693.04,  or  slightly  less  than  0.85  cts.  per  gallon. 

Sand. — Sand  was  secured  on  the  company's  property  and  its  only  cost  was 
for  hniiiing  an  average  distance  of  0.85  miles  in  loads  of  1  cu.  yd.  This  cost 
was  $1,079.62.  A  total  of  771  cu.  yds.  were  hauled  and  766  cu.  yds.  wer6 
actually  used ;  the  corresponding  cubic  yard  costs  were  $1.40  and  $1.41. 
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Lining. — The  cost  of  lining,  including  materialB  as  listed  above  and  labor  of 
all  kinds,  was  as  follows: 

Ptf 
Excavation  Total  lin.  ft. 

2,230  cu.  yds.  earth  at  33  ots $      735. 34       $0. 104 

400  cu.  yds.  gravel  and  looee  rock  at  $1.39 556. 71         0. 079 

660  cu.  yds.  soUd  rock  at  $1.62 1 .070. 72        0. 152 

Total $  2,362. 78  $0. 335 

Concrete 

1,054  bblB.  cement  at  $3.262 $  3,437. 64  $0,488 

771  cu.  yds.  sand  at  $1.40 1,079. 62  0. 153 

62,850  gals,  water 693. 04  0. 098 

Mixing  and  placing  766  cu.  yds.  at  $3.33 2,547. 46  0. 861 

Total $  7,757. 76      $1. 100 

7,050  ft.  forming  and  tamping , 1 ,595. 40         0. 226 

14.192  ft.  fence  at  4M  cts 633.13         0.089 

Totals $12,349. 07       $1. 75 

Fencing. — The  itemized  cost  of  the  14.192  lin.  ft.  of  four-strand  barbed  wire 
fencing  with  posts  20  ft.  apart  was  as  follows: 

Barbed  wire,  3,168  lbs.  at  $2.85,  f.  o.  b.  Portland $  90. 29 

Freight,  Portland  to  Hanford 21. 72 

Poets,  705  at  8  cts.,  f .  o.  b.  Coyote  (720  ft.  B.  M.  at  $22). ...  15. 84 

Timber  for  braces,  4  X  4  ins.  (1,295  ft.  B.  M.  at  $23) 29. 80 

Staples,  210  lbs.  at  10  cts 21. 00 

Miscellaneous  material 3. 58 

Handling  and  hauling 85. 67 

Labor  (common) 140. 29 

Survesang  and  proportionat-e  camp  charge 190. 26 

Total $633. 13 

Coet  per  Un  ft.  of  fence $00. 045 

Coet  per  Un.  ft.  of  canal 0.089 

Concrete  in  Place. — The  cost  per  cubic  yard  and  per  square  yard  of  con- 
crete lining  in  place  was  from  the  above  costs  as  follows : 

Total  coet 

Cement $3,437. 64 

Sand 1 ,079. 62 

Water 693. 04 

Mixing  and  placing $2, 547. 46 

ToUl  cost $7,757. 76 


taken  from  Engineering  Record,  Dec.  30,  1916. 

The  irrigation  system  of  the  Los  Molinos  Land  Company,  in  Tehama 
County,  California,  comprises  120  miles  of  ditches  with  capacities  ranging 
from  5  to  100  sec.-ft.  In  the  main  canals  and  primary  laterals,  where  the 
water  is  running  constantly  during  the  irrigation  season,  the  seepage  losBee 
average  less  than  1  per  cent  per  mile.  In  the  secondary  laterals,  in  which  the 
water  is  running  only  at  intervals,  the  losses  are  as  high  as  50  per  cent  per 
mile.  This  excessive  loss  is  owing  to  the  character  of  the  soil  through  which 
these  laterals  pass — a  Sacramento  silt  loam  underlain  with  gravel  in  which 
vegetation  grows  very  rapidly  and  gophers  thrive.  As  the  cost  of  main- 
tenance and  the  loss  of  water  are  very  high  the  company  is  lining  these  ditcheB 
with  concrete.    During  the  spring  of  1916,  4,000  ft.  was  lined. 


Cost  per 
cu.  yd. 

$  4.49 
1.41 
0.90 
3.33 

Coet  per 
sq.  yd. 

$0,249 
0.078 
0.050 
0.185 

$10. 13 
3  by  C.  D. 

$0,562 
Conway  are 
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Instead  of  nductng  the  dn  of  the  earth  Hub,  the  miter  dedded  to  exca- 
vate a  new  ditch  within  the  bank  of  the  exlotlng  ooe.  u  abown  In  Fig.  10. 
Btakes  were  let  at  the  outside  Qdge  ol  the  baie.  That  Beclion  wu  taken  out 
mtkaltr,  after  which  two  men  with  tempUtestiinuned  the  bottom  and  sloped 
the  sfdee.  Oiade  xtakee  vraro  set  vhk;/  IS  tt.  Movable  wooden  fonns  in 
IB-n.  tangtba  were  used. 

The  concrete  waa  mixed  b;  hand  on  a  board  laige  «aough  tor  1-yd.  batches. 
The  platfona  was  built  on  nmnen  sod  moved  akog  the  ditch  ror  each  batch, 
the  gravel  beliig  distributed  far  eoough  from  the  ditch  to  leave  room  for  the 
board  to  pan.  Water  was  hauled  In  a  wagon,  ud  the  same  team  moved  the 
¥niv<i^  board,  Bbt  uea  were  omploTed  in  ^nixing  and  placing  the  concrete 
withbucluta. 

The  aggregate  used  waa  a  natural  mixture  of  river  sand  and  gianj  scieaned 
through  IM-ln.  nieah.  Fire  sacks  of  Portland  cement  to  a  yard  of  this 
aggregate  were  used.  The  concrete  was  mixed  verr  wet  sod  was  well  worked 
wttb  a  smaU  specially  made  spade. 


Bxpanglon  and  coalractlon  were  provided  for  by  placing  %-tit..  p 
between  forms.  These  were  orterward  broken  off  flush  with  the  concrete. 
ThouEh  the  lemperatuie  reached  IID  deg.  Fahr.  In  the  shade  at  a  time  when 
the  ditch  was  dry,  no  cracks  have  been  noted. 

CntU. — The  cost  per  linear  toot.  Including  the  cost  of  Intake,  outlet  and  a 
check  and  takeout  every  seo  ft.,  to  glvra  In  Table  Vtl.  While  the  schedule 
it  wages  was  low,  the  laborers  were  all  Inexperienced.  The  average  progress 
waa  170  ft.  a  da;  with  a  crew  Of  six  laborers  and  one  carpenter,  who  acted  as 
foreman.  Toward  the  latter  part  of  the  Job  as  much  as  230  tt.  per  day  was 
lined. 

The  Itemized  cost  <tf  concrete,  exclusive  of  excavation,  la  given  In  Table 
Till. 

TiBLB  VII.— Total  Cost  rm  Foot  of  3090-Foot  Ditch 


Fomu  (labor) 

I^ombar 

MiiiD«  and  placini 

8and  and  gravel. . . 

BniiDeeriiia 

BaperiDtcudeace . . . 

MlHwUaneous 

Total 


.021 


I.    EXCLCBIHO    EXCAV. 


Lamber 

Labor 

BqnlpDUBt  and  tc 
Total 
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This  ditch  has  been  satisfactory  in  every  respect.  In  the  opinion  at  tbe 
writer  this  method  is  mudi  cheaper,  where  the  banks  are  of  sufficient  size, 
than  i^ucing  the  cioss-section  of  the  original  ditch.  The  capacity  of  the 
earth  section  was  10  sec.-ft.;  that  of  the  concrete  is  0.6  sec-ft.,  using  0.15  for 
the  value  of  n  in  Kutter's  formula  and  a  depth  of  water  of  1.5  ft.-  The  grade 
of  the  ditches  is  O.OS  per  cent.  Laborers  on  excavatitm  were  paid  $2  for  a 
nine-hour  day,  those  handling  concrete,  $2.25,  and  carp^iters  received  $3  a 
day.  Lumber  cost  $20  per  thousand  and  craient  $3  per  barrel  delivered  at 
the  job. 

The  Comparative  Cost  of  Cleaning  Irrigatioo  ]>itches  with  a  V-machihe  and 
by  Hand. — C.  F.  Harvey  in  tlie  May,  1017  Bedamation  Record,  abstracted 
in  Engineering  and  Contracting,  May  9,  1917,  gives  the  following: 

A  V-machine  was  at  first  rented  for  a  short  time  for  e^tperiraiNital  purposefi, 
and  afterwards  a  similar  machine  was  built  on  the  project  at  a  cost  of  about 
$700.  The  operation  of  such  a  machine  has  continued  since  May,  1916.  At 
first  one  caterpillar  tractor  furnished  the  poww,  but  now  two  tractors  an 
used.  The  tractors  have  75  H.P.  gas  engines  and  cost  $4,650  each.  These 
tractors  have  proved  very  efficient  in  getting  onto  and  over  ditch  banks  and 
traveling  on  the  banks.  This  equipment  Is  used  on  canals  canying  from  12  to 
50  second-feet,  and  dredgers  have  been  used  for  larger  canals.  The  use  of  a 
single  tractor  of  the  above  size  for  this  work  resulted  in  overloading  the 
machine,  and,  while  a  heavier  machine  could  doubtless  be  run  without  over- 
loading, the  experience  on  the  Yuma  project  has  been  that  two  machines  of 
about  this  horsepower  are  probably  more  efficient  than  one  larger  machine 
would  be,  as  the  two  machines  can  work  to  great  advantage  in  getting  the 
V  in  and  out  of  the  ditches  and  around  structures.  It  is  to  be  noted,  by  the 
way,  that  the  number  of  structures  in  a  ditch  greatly  affects  the  mileage 
cleaned.  The  life  of  the  V-machines  and  of  tractors  on  this  work  will  be  about 
five  or  six  years. 

The  following  figures  are  taken  for  the  month  of  July,  1916,  when  the  rented 
V-machine  was  in  use: 

Operating  114H  hours. 
Repairs,  117H  hours. 
Distance  cleaned,  11.62  milee. 
Distillate  used,  715  gal.  (one  tractor). 

Costs  (July) 

Labor $552. 25 

Distillate 75. 07 

Hauling  fuel 40. 33 

Shop  orders 6. 06 

Oil  and  waste . .  .• 8. 35 

Supplies 18. 86 

Rent  of  V  machine 175. 00 

Depreciation 50. 00 

Total $894. 92 

Cost  per  mile  cleaned -. 77. 01 

By  deducting  the  $175  rent  for  the  machine  the  cost  of  cleaning  would  be 
reduced  proportionately.  The  above  is  for  one  tractor.  By  putting  on  an 
extra  tractor  the  cost  of  fuel  would  be  doubled,  but  it  is  thought  that  the 
mileage  of  canals  cleaned  would  also  be  nearly  doubled,  while  the  labor  cost 
of  repairs  would  remain  about  the  same.  With  the  benefit  of  experienoe  and  a 
perfected. organization  it  is  expected  that  the  cost  can  be  reduced  to  $40  per 
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mile.  "With  the  (dd  oigaoization  for  cleaning  by  shoTel  and  teams  the  costs 
would  run  from  $200  to  $300  per  mile.  This  was  with  a  foreman  at  $8  a  day 
and  labor  at  $2  a  day,  worked  in  such  gangs  as  could  be  retained.  The 
oiiganization  worked  with  the  machine  equipment  at  present  is  as  follows: 

1  foreman  at  $4.50  per  day.  Crew  of  caterpillar: 
Crew  of  V-machine: 

1  man  at  $3  per  day.  1  operator  at  $5  per  day. 

1  man  at  $2.50  per  day.  1  oiler  at  $2.50  per  day. 

There  are  on  the  Yuma  project  more  than  200  miles  of  ditches  to  be  cleaned 
of  a  size  suitable  for  the  economical  use  of  the  V-machine.  Tliis  makes  it 
possible  to  keep  the  equipment  in  operation  for  12  months  a  year.  The 
amount  (rf  work  to  be  done  is,  of  course,  an  important  consideration  in  making 
the  expenditure  for  the  tractors. 

Cost  of  Removing  Vegetation  from  Irrigation  Canals. — ^Excellent  results  in 
removing  moss  from  the  irr^ation  canals  of  the  Salt  River  Project  of  the 
U.  S.  Reclamation  Service  have  been  obtained  with  an  Acme  harrow,  accord- 
ing to  an  article  by  A.  J.  Haltom,  in  the  April,  1917  Reclfunation  Record, 
and  abstracted  in  Engineering  and  Ck)ntracting,  April  11,  1917  as  follows: 
On  this  project  it  was  necessary  to  devise  some  method  whereby  the  moss 
could  be  eliminated  without  turning  water  from  the  canals. 

The  Acme  harrow,  or,  as  called  by  some,  the  orchard  cultivator,  is  a  machine 
coiKsisting  of  long  parallel  blades  attached  to  an  iron  frame,  with  the  blades 
turned  to  enter  the  ground  and  cut  the  roots  horizontally  an  inch  or  two 
boieath  the  surface.  It  slices  off  the  top  surface  of  the  silt,  and  after  the  moss 
roots  are  thus  cut  the  moss  floats  to  the  top  and  is  then  caught  by  men  sta- 
tioned below  (ML  bridges  or  checks.  This  machine  is  drawn  by  means  of  a 
chain  to  a  team  on  each  bank  of  the  canal,  and  by  adjusting  the  length  of  the 
chains  the  harrow  can  be  run  on  either  slope  or  in  the  bottom  of  the  canal. 
In  this  manner  the  moss  can  be  removed  without  interrupting  the  flow  oi 
water.  On  part  of  the  canals  it  was  necessary  to  keep  men  and  teams  at  work 
until  the  «id  of  the  season,  and  on  others  an  occasional  cleaning  every  two  or 
three  weeks  answered  all  requirements.  The  Acme  is  also  useful  m  stirring 
up  the  silt  in  the  bottom  oi  the  canal,  causing  it  to  be  agam  picked  up  in 
suspension,  with  the  result  that  the  silt  deposits  are  considerably  decreased. 
The  stirring  of  the  silt  with  the  resultant  muddy  water  tends  to  retard  the 
growth  of  the  moss  farther  down  the  canal,  and  it  also  helps  to  puddle  leaky 
portions  of  the  canal. 

The  methods  employed  on  the  Minidoka  Project  for  the  control  of  moss, 
weeds  and  willows  in  irrigation  canals  also  were  described  m  the  above-men- 
tioned issue  of  the  Reclamation  Record,  from  which  we  quote  as  follows: 

It  became  necessary  to  begin  the  work  of  removing  the  moss  as  early  as 
Jane  20.  At  this  time  the  only  method  which  was  found  successful  in  <dearing 
the  moss  from  the  larger  canals  was  by  cutting  with  the  Ziemsen  submarine 
saw.  This  saw  consists  of  a  flexible  band  of  steel  with  hooked  teeth  on  both 
edges.  It  can  be  obtained  in  any  length,  and  the  weights  to  hold  it  to  the 
Ixrttom  are  adjusted  to  fit  the  canal.  It  is  operated  at  an  angle  of  about  30*^ 
^)vttb  the  cross-section  of  the  canal,  the  crew  always  working  upstream.  The 
rate  of  progress  is  from  6  to  12  in.  at  each  double  stroke  and  from  ^  to  1  mile 
per  day  can  be  cut  with  each  saw.  The  long  streamers  of  moss  when  cut  rise 
to  the  surface  and  float  down  to  the  next  bridge  or  check,  where  they  ar» 
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thrown  out  by  men  with  pitchforks.  At  times  it  has  been  necessary  to  have 
as  many  as  three  men  to  pitch  out  the  moss  cut  by  one  crew. 

Last  season  it  was  necessary  to  go  over  many  of  the  canals  three  times. 
During  the  middle  of  the  season  the  moss  grew  very  rapidly.  In  one  canal  a 
length  of  2M  ft-  was  measured  3  days  after  cutting.  In  another  place  a 
length  of  8  ft.  was  observed  14  days  "after  cutting.  After  the  20th  of  August 
the  trouble  b^an  to  decrease,  partly  due,  no  doubt,  to  the  shorter  days  and 
less  sunlight,  partly  to  cooler  weather,  and  partly  to  a  slackening  demand  for 
water. 

Removing  the  moss  by  dragging  a  H  or  ^  in.  chain  by  teams  on  each  bank 
was  not  successful  until  after  about  the  middle  of  August,  when  the  moss  had 
ripened  enough  to  break  away  at  the  first  joint.  Prior  to  that  time  the  chain 
would  drag  over  the  moss  without  breaking  it.  A  V  made  out  of  railroad  iron 
and  weighing  in  all  about  600  lb.  was  dragged  up  the  canal  but  this  method 
was  not  successful,  as  the  rails  slipped  over  the  moss. 

In  laterals  of  about  1  ft.  depth  it  was  found  that  a  spring-tooth  harrow  could 
be  used  quite  well,  but  it  had  to  be  taken  out  and  cleaned  about  every  50  ft. 
The  harrow  was  not  successful  in  the  larger  canals.  In  laterals  the  water  was 
lowered  at  times  so  that  there  was  only  enough  to  support  the  moss  and  moi 
were  put  in  with  brush  scythes.  This  method  was  found  very  useful  where 
the  farmers  on  some  lat^al  were  having  serious  trouble  in  getting  water  and 
would  get  together  to  co-operate  in  cleaning  it. 

Where  it  can  be  done,  the  cheapest  and  most  effective  method  of  dinning  the 
canal  is  to  shut  the  water  out  entirely  and  let  the  ditch  dry  in  the  sun.  Five  to 
seven  dajrs'  exposure  is  necessary  ordinarily  to  kill  the  moss.  This  method 
kills  the  growth,  but  does  not  destroy  the  bulb.  On  the  Minidoka  project 
it  has  not  seemed  practical  to  adopt  this  method,  as  it  is  felt  that  continuous 
water  service  was  more  important  to  thef  armors  than  the  money  saving  whidi 
would  have  resulted  from  a  method  such  as  this. 

During  the  1916  season,  260  miles  of  cleaning  were  done.  The  total  cost 
of  this  work  was  $4,200,  making  the  cost  per  mile  a  fraction  over  $16.  The 
average  cost  per  mile  of  the  different  methods  is  about  as  follows:  Sawing,  $22; 
chaining  late  in  the  season,  $8;  cutting  with  scythes  in  laterals,  $11;  spring- 
tooth  harrow  in  laterals,  $9. 

Weeds  and  grass  growing  along  the  inner  slopes  of  the  canal  and  laterals 
decrease  the  discharge  to  a  considerable  extent  by  retarding  the  velocity. 
These  are  removed  by  men  with  brush  scythes  at  a  cost  of  about  $12  per  mile. 

Willows  are  cut  by  men  with  grubbing  hoes  and  brush  scythes.  Men 
equipi)ed  with  grubbing  hoes  go  ahead  for  cutting  out  larger  willows,  and  men 
with  scythes  follow  and  cut  the  remainder.  In  the  past  little  attention  has 
been  given  to  willows  on  the  Minidoka  project,  but  it  is  now  believed  to  be 
advisable  to  cut  them  annually.  The  clearing  during  the  last  season  was  dcme 
with  the  idea  of  keeping  stumps  down  so  that  a  mowing  machine  can  be 
used  to  cut  the  new  growth.  The  cost  on  the  removing  of  willows  has  been 
about  $27  per  mile.    About  23  mUes  of  banks  were  cut  over. 

Costs  of  Keeping  Down  Vegetation  on  Irrigation  Canal  Banks  by  Orasinc. 

The  following  data,  abstracted  in  Engineering  and  Contracting,  April  14, 1015. 
are  given  in  a  report  in  Reclamation  Record,  April,  1915.  by  A.  J.  Haltcm, 

A  considerable  item  of  expense  in  irrigation  canal  maintoiance  is  the  cut- 
ting of  Johnson  grass  and  other  vegetation  which  springs  up  on  the  banks. 
On  the  Salt  River  Project  of  the  U.  S.  Reclamation  Service,  beginning  in  1913, 
experiments  have  been  conducted  in  sheep  grazing  as  an  aid  to  oitUnitfy 
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cutting  for  keeping  down  the  bank  vegetation.  There  follows  a  comparative 
statement  showing  decrease  in  cost  of  maintaining  canals  and  laterals  before 
and  after  introduction  of  sheep: 

Main  Header  Total 

canals          Laterals  ditches  cost 

Clearing: 

Before $1.356. 88     $3,275.14  $2,226.53  $6,858.55 

After 908.05       1,174.69  659.70  2,742.44 

Repairing  breaks: 

Before 166.43           211.64  121.87  499.94 

After 60.48     94.00  144.48 

Gopher  poisoning: 

Before 39.42     96.93  136.35 

After 10.00  10.00 


Total: 

Before $1,562.73     $3,486.78     $2,445.33     $7,494.84 

After 958.53       1,174.69  763.70       2,896.92 

Decrease,  1914  over  1912....    $     604.20     $2,312.09     $1,681.63     $4,597.92 

MUeage 8  22  10  40 

Average    decr^tse    per    mile 
(after  introduction  of  sheep)  $       75.525$     105.095$     168.16     $     114.95 

Note. — Cost  of  repairing  breaks  and  gopher  poisoning  are  included  because 
this  expense  has  been  greatly  reduced  by*  the  grazing  of  sheep.  The  cost  of 
cleaning  in  1912  is  based  on  a  unit  cost  per  mile. 

Cost  of  Maintaining  Ditches  in  the  Imperial  Valley,  CaL  with  a  Traveling 
Clam-SheU  Excavator. — J.  C.  Allison,  in  Engineering  Record,  Nov.  16,  1912, 
gives  the  following: 

The  irrigation  season  in  Imperial  Valley  includes  the  full  12  months,  so  the 
canals  are  always  carrying  water.  This  prevents  scraping  out  the  deposits  of 
sat  with  teams. 

Up  to  1911,  about  the  only  method  of  keeping  the  section  of  the  canals 
large  enough  to  carry  the  necessary  water  has  been  by  continuously  raising  the 
banks  to  keep  pace  with  the  rising  of  the  bottom,  due  to  the  deposition  of  silt. 
In  the  small  ditches  a  V-shaped  tool  operated  by  a  caterpillar  engine  has  been 
used  to  drag  the  canal,  thus  crowding  part  of  the  silt  out  on  the  banks. 

Experiments  have  been  made  with  floating  dredges  of  small  capacity  but 
these  have  been  imsuccessful,  since  they  are  too  cumbersome  to  transport  from 
one  point  to  another,  and  the  time  consumed  in  pulling  the  pontoons  out 
around  the  checks  is  more  than  the  time  actually  used  in  digging  the  silt 
between  checks. 

Design  of  a  Special  Dredge. — The  time  came  finally  when  the  limit  of 
raising  the  canal  banks  was  reached,  most  of  the  grade  of  the  canals  having 
been  overcome,  and  it  became  necessary  to  obtain  a  new  type  of  tool.  A  care- 
ful study  was  made  of  every  available  tool,  but  owing  to  the  peculiar  condi- 
tions of  the  work,  each  one  was  rejected.  It  was  certain  that  if  an  appliance 
capable  of  operating  a  clamshell  bucket  could  be  so  arranged  as  to  permit 
moving  from  one  i>oint  to  another  in  a  quick  and  easy  manner,  the  silt  problem 
In  the  main  distributing  canals  could  be  solved. 

With  this  idea  in  view,  W.  H.  Holabird,  receiver  of  the  California  Develop- 
moit  Company,  arranged  with  the  Stockton  Iron  Works,  of  Stockton,  Cal.,  to 
send  an  erecting  engineer  to  the  valley.  With  his  aid,  Mr.  Holabird  and  the 
writer  planned  the  ass^nbling  of  an  all-steel  portable  clamshell  dredge, 
which  would  operate  a  H-yd.  bucket,  and  at  the  same  time  be  light  enough 
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and  narrow  enough  to  transport  over  the  average  Impeiial  YaUesr  load  and 
over  the  county  bridges  spanning  the  canals. 

The  machine  has  a  14  x  22-ft.  steel  underframe,  mounted  on  wide-tread 
wheels  and  carrying  an  A-frame  and  40-ft.  steel  boom,  operating  machinery 
and  operator's  cabin.  The  wheels  at  the  working  end  are  6  ft.  in  diameto', 
24  in.  wide  and  are  10  ft.  apart  between  inside  edges.  The  other  wheels  are 
only  3  ft.  in  diameter  and  are  set  dose  together  under  the  frame,  their  axle 
being  pivoted  to  provide  for  steering  from  that  end.  Traction  is  obtained  on 
the  large  wheels  by  chain-drives  and  gears  from  the  engine.  Power  for  digging 
and  traction  is  furnished  by  a  15-hp.  Atlas  two-cylinder  vertical  gas  engine 
controlled  from  the  operator's  cabin,  which  is  on  a  platform  set  in  the  A-frame. 
The  end  of  the  main  boom  has  a  normal  elevation  of  20  ft.  above  the  wheel 
base,  and  has  a  swinging  range  of  180  deg.  A  H-cu*  yd.  clamshell  bucket  is 
employed. 

Owing  to  the  small  size  of  the  bucket,'the  yardage  per  hour  is  not  very  great, 
and  it  becomes  necessary  to  operate  several  machines  to  keep  pace  with  the 
work.  The  unit  price  per  yard,  however,  is  satisfactory.  Against  this  price, 
that  paid  in  the  past  presents  a  marked  contrast.  In  a  great  many  cases  the 
canals  were  entirely  abandoned  and  a  side  ditch  built  to  carry  the  water.  The 
scraper  work  alone  amounted  to  15  to  20  cents  per  cubic  yiurd,  exclusive  oi 
right  of  way.  Wherever  the  canals  were  cleaned  with  shovels  the  cost  per 
yard  ran  as  high  as  50  and  60  cents. 

The  only  other  applicances  which  are  satisfactory  for  use  on  the  canals 
in  Imperial  Valley  are  the  V-shaped  drag  and  an  endless-chain  machine  known 
as  the  Ruth  dredge.  Several  of  these  are  now  operating.  The  scope  of  their 
work  is  limited  to  a  very  narrow,  shallow  ditch,  since  neither  will  cut  more 
than  1  ft.  in  depth.  The  material  is  deposited  only  a  few  feet  away  from  the 
channel,  and  in  the  future  it  wiU  be  necessary  to  remove  this  accumulation  by 
some  other  means,  since  the  banks  will  become  too  high  for  further  operation 
of  this  nature.  The  new  dredge  is  capable  of  discharging  the  material  35  ft. 
from  the  canal,  if  neoessary,  where  the  embankment  may  be  leveled  and  used 
as  a  road. 

Coat  of  Clearing  Canals. — Table  IX  shows  the  cost  of  operation  of  the  dredge 
in  the  Ash  canal  for  the  period  between  Sept.  18  and  Dec.  1. 

Table  IX. — Cost  of  Operation  op  Dbedqb  in  Clbabino  Canals 

Maintenance  and 
Item  Operation  betterment 

Material: 

TooIb $     6.  20  

Oil 31.51  

Fuel 132.56  

Commissary 2. 25*  $     1. 14 

Misc.  supplies 280.49  107.26 

Store  expense 8. 89  8. 74 

$    457.40 $  109.86 

Labor 1,949.08 75.81 

Totals $2,406.48 $185.67 

Per  hour 2. 26 0. 17 

*  Note. — Commissary  items  a  credit  to  cost. 

Pbbfobmancb  op  Dbboob  Clbabino  Canals 

Total  difff^npE  time,  hours '    1066 

Cost  of  dikging  per  hour $2. 43 

'Total  yardage  removed,  ai)proximate 21 ,321 

Yardage  removed  per  digging  hour,  approximate 20 

Cost  per  cubic  yard,  approximate $0. 12 
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The  plant  conslstip  of  the  dredge,  a  cook  wagon,  camp  and  commiasary  team, 
and  the  necessary  stock  and  tools  for  leveling  the  road  ahead  of  the  machine 
along  the  ditch.  The  whole  idant  represents  a  cost  of  about  $7,100  on  the 
ground  in  this  case. 

No  percentage  for  depreciation  Is  included  in  the  costs  shown,  but  the  actual 
maintenance  work  and  the  material  necessary  are  given,  the  amount  being 
added  to  the  cost  per  yard.  The  maintenance  and  betterment  for  this  run  is 
ccmsiderably  above  normal,  since  several  small  weaknesses  were  discovered 
and  remedied.  Improvements  were  also  made,  such  as  building  a  pilot  house, 
building  moving  planks,  installing  a  Bristol  lighting  plant  and  providing  in 
general  for  the  comfort  oX.  the  men  in  the  way  of  heating  applicances  for  the 
night  shifts. 

Two  10-hour  shifts  were  run  per  day.  The  digging  time  shown  in  the  table 
is  the  summary  of  the  actual  digging  hours,  and  does  not  include  the  time 
spent  in  repairs,  moving,  etc.  No  commissary  costs  are  shown,  since  each 
meal  is  deducted  from  the  man's  wages  at  25  cents  per  meal.  This  amount 
provides  for  the  cook's  wages  and  the  provisions,  and  accounts  for  the  small 
credit  shown.  Of  the  running  supplies  necessary,  the  fuel  represents  the  great- 
est expense.  The  engine  consumed  0.9  gal.  of  distillate  per  hour.  This  fuel 
was  subject  to  high  customs  duty  in  Mexico. 

The  labor  necessary  for  operating  the  machine  for  the  two  shifts  consists  of 
two  levermen  at  $125  per  month  each;  two  enginemen  at  $85  per  month  each, 
and  two  deck  hands  at  $70  per  month  each.  There  was  necessary  at  times  an 
extra  deck  hand  for  each  shift  to  aid  in  placing  the  moving  planks  while  the 
machine  was  in  soft  material.  Several  four-horse  fresno  teams,  at  $6.50 
per  day,  were  sometimes  required  to  level  the  road  along  the  ditch  ahead  of  the 
machine.    All  of  this  expense  is  shown  under  the  item  of  labor. 

Cost  of  Pipes  for  Farm  Irrigation. — The  following  notes  are  given  in  Fortier's 
"Use  of  Water  in  Irrigation"  (1916). 

The  materials  composing  the  pipes  most  commonly  used  by  irrigators  are 
concrete,  day,  wood,  and  metal.  A  brief  description  of  each  of  these  kinds 
follows: 

Concrete  Pipe, — This  kind  of  pipe  is  used  quite  generally  in  southern  Cali- 
fornia for  conveying  irrigation  water  underground  without  pressure  or  under 
low  heads  not  exceeding  10  to  15  feet.  C.  E.  Tait,  Irrigation  Engineer  of  the 
Department  of  Agriculture,  states  that  "  a  good  pii)e  for  the  smaller  sizes  is 
made  from  a  1  to  3  mixture  consisting  of  5  parts  cement,  6  parts  sand  and  9 
parts  gravel.  A  larger  proportion  of  gravel  may  be  used  in  the  larger  sizes. 
A  good  pipe  may  also  be  made  of  cement,  sand  and  crushed  rock,  no  particle 
being  larger  than  one-half  the  thickness  of  the  pipe." 

Faflures  in  concrete  pipe  have  been  largely  due  to  lean  mixtures,  the  use  of 
sand  mixed  with  earth  and  improper  moulding.  A  weak  unreliable  pipe  is 
likely  to  result  when  the  voids  in  the  sand  are  not  filled  with  cement,  when 
earthy  material  is  incorporated  in  the  mixture  or  when  the  mixture  is  too  dry 
when  moulded.  The  porosity  of  concrete  pipe  is  reduced  and  the  carrying 
capacity  is  increased  by  the  application  to  the  inner  surface  of  a  cement  brush 
coating. 

The  prices  for  materials  in  1914  in  southern  California  were  for  cement 
delivered  $3  per  barrel,  sand  and  gravel  $1  per  cubic  yard,  tampers  $3  and 
mixers  $2.25  p^  day  of  9  hours.  The  quantities  of  materials  used,  their 
leepective  costs  and  the  cost  of  the  various  processes  in  making  pipe,  exclusive 
of  overhead  charges  and  profits  are  given  in  Table  X. 
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Table  X.- 

-CONCRBTB   PiPB 

• 

Lineal  feet 
per  barrel 

Lineal  feet 
per  cu.  yd. 

/^__A      J-J.- 

<\Ai>  lino^l    Cv^w^ 

Siseof 

UQV  unvc* 

I>er  une^ 
Mould- 

«kA   AWV 

Coat- 

pipe 

of  cement 

of  gravel 

Cement 
$0,023 

Gravel 

ing 

ing 

Total 

4  in. 

126-130 

174 

SO.  006  $0,020 

$0,003  $0,052 

6  in. 

82-100 

112 

0.036 

0.009 

0.020 

0.003 

0.068 

Sin. 

64r-76 

87 

0.047 

0.011 

0.022 

0.003 

0.083 

10  in. 

48-56 

64 

0.062 

0.015 

0.025 

0.003 

0.105 

12  in. 

36-  44 

50 

0.083 

0.020 

0.028 

0.004 

0.135 

14  in. 

28-  30 

40 

0.108 

0.025 

0.032 

0.005 

O.170 

16  in. 

26-  28 

34 

0.115 

0.029 

0.038 

0.006 

0.188 

18  in. 

22-  26 

28 

0.136 

0.036 

0.042 

0.007 

0.266 

20  in. 

IS-  20 

23 

0.166 

0.043 

0.100 

0.008 

0.317 

24  in. 

12-  14 

18 

0.250 

0.055 

0.110 

0.009 

0.424 

30  in. 

8-10 

11 

0.375 

0.090 

0.150 

0.011 

0.626 

36  in. 

6-8 

8 

0.500 

0.125 

0.200 

0.012 

0.837 

Moulding  the  Pipe. — Concrete  pipe  as  made  in  southern  CaUfomia  for 
the  fanner's  use  is  moulded  in  2-foot  lengths  with  beveled  lap  joints. 
Since  the  price  of  moulds  for  pipe  between  6  and  12  inches  in  diameter  varies 
from  $50  to  $100  per  set  the  tendency  is  to  use  the  smallest  possible  number. 
This  effort  to  economize  frequently  results  in  a  brittle  pipe  caused  by  the  use  of 
too  dry  a  mixture,  such  a  mixture  requiring  less  time  in  the  moulds.  To 
obviate  this  difficulty  and  increase  the  output  from  each  set  of  moulds  thin 
metal  cylinders  are  sometimes  introduced  in  the  moulds  and  allowed  to  remain 
for  some  time  around  the  freshly  moulded  pipe  after  its  removal  from  the 
moulds.  In  this  way  a  wetter  mixture  resulting  in  a  stronger  pipe  can  be 
made. 

Vitrified  Clay  Pipe. — Pipe  made  of  moulded  clay,  kiln-burned  and  glazed 
is  extensively  used  to  conduct  sewage  in  the  sewer  systems  of  towns  and  cities. 
The  requirements  for  this  service  are  quite  rigid  and  the  pipe  which  is  rejected 
by  the  sewer  inspector  can  frequently  be  purchased  at  a  low  figure.  In  this 
way  the  irrigator  who  resides  within  hauling  distance  of  a  town  or  city  can  usu- 
ally obtain  from  the  municipality  or  the  day  pipe  company  a  serviceable 
water  pipe  for  low  heads  at  reasonable  prices. 

In  southern  California  the  rejected  sewer  pipe  is  classified  into  three  grades 
known  as  Nos.  1,  2,  and  3  water  pipe.  The  defects  in  No.  1  grade  are  not 
serious  and  can  be  depended  on  to  stand  a  head  of  20  to  30  feet  in  the  smaller 
sizes  and  15  to  20  feet  in  the  larger  sizes.  The  No.  2  grade  consists  of  pipe 
which  is  cracked  in  the  main  part  of  the  joint  or  length  and  withstands  less 
pressure  than  No.  1.  No.  3  grade  is  used  only  for  drainage,  being  usually 
cheaper  than  the  tile.  The  prices  of  grades  1  and  2  in  3-foot  lengths,  f .o.b. 
cars  Los  Angeles,  are  at  this  writing  (1914)  as  in  Table  XI. 


Tablb 

XI. VlTRlFIUD 

PiPB 

Sise 

No. 

1  grade.   Cents 

per 

ft. 

No.  2  grade.    Cents  per  ft 

Sin. 

4  J^ 

4H 

4  in. 

6H 

^H 

5in« 

8H 

6H 

6  in. 

9H 

sii 

Sin. 

12^ 

10  H 

10  in. 

16  H 

13  H 

12  in. 

20H 

16  H 

14  in. 

27H 

22  U 

16  in. 

34H. 

2SH 

IS  in. 

41  H 

83  H. 

20  in. 

56  H 

48  H 

22  in. 

71  H 

60H 

24  in. 

SlH 

68K 
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Wood  Pipe. — The  various  kinds  of  wood  pipe  used  to  conrey  water  for  irri- 
gation purposes  belong  to  one  of  two  general  types.  One  of  these  is  the  con- 
tinuous stave  pipe  and  the  other  the  machine  banded  pipe.  Since  the  former 
is  only  built  in  medium  and  large  sizes  in  which  the  diameters  run  from  1  to  12 
feet  it  is  not  well  adapted  to  the  fanner's  needs  and  for  that  reason  will  not 
be  considered  here. 

The  factory  for  maldng  machine-banded  pipe  in  San  Francisco,  California, 
uses  redwood;  those  located  in  Portland,  Oregon,  Tacoma  and  Seattle,  Wash- 
inton,  and  Vancouver,  B.  C,  usd  fir.  In  the  States  of  New  Yoric  and  Pennsyl- 
vania the  pipes  are  made  of  white  pine  and  tamarack  while  in  Louisiana  cy- 
press is  considered  the  most  suitable  wood. 

A  quarter  of  a  century  and  less  ago.  machine-banded  pipe  consisted  wh<^y 
of  logs  turned  in  a  lathe,  machine-bored  and  wrapped  with  flat  steel  bands. 
Staves  8  to  12  feet  in  length  in  the  eastern  factories  and  up  to  20  feet  in  length 
in  the  western  factories  have  since  been  substituted  for  bored  logs.  The 
staves  which  vary  in  thickness  from  1  to  1^^  inches  are  held  together  by  gal- 
vanized steel  wire  spaced  far  apart  or  close  according  as  the  internal  pressure 
of  the  water  is  low  or  high.  In  some  factories  flat  bands  of  steel  14  to  16  gauge 
are  used  instead  of  the  roimd  wire.  After  the  pipe  is  banded  and  the  ends 
are  milled  for  couplings  each  section  is  dipped  in  a  bath  of  hot  asphalt  and 
wh^i  withdrawn  is  rolled  in  sawdust  or  shavings. 

The  joints  are  made  in  various  ways.  A  common  form  for  low  pressures  is 
that  of  the  mortise  and  tenon  joint.  The  joint  is  reinforced  when  the  pressure 
requires  it.  Sometimes  tenons  are  made  on  both  ends  of  each  section  and  the 
coupling  is  made  by  means  of  collars.  In  common  with  other  kinds  of  pipes 
the  joints  in  wood  pipe  are  the  chi^  source  of  trouble  and  expense. 

Tablb  XI  L — Wooden  Pipe 


Head, 

Weight, 

Diam- 

Weight, 

Diameter 

feet 

Price 

pounds 

eter 

Head 

Price 

pounds 

2  in, 

50 

0.087 

3.1 

10 

in. 

50 

0.268 

13.1 

100 

0.09 

3.2 

100 

0.347 

14.7 

150 

0.092 

3.2 

150 

0.392 

16.7 

200 

0.10 

3.4 

200 

0.455 

17.3 

250 

0.105 

3.5 

250 

0.479 

18.4 

300 

0.116 

3.6 

300 

0.503 

19.4 

4  in. 

50 

0.129 

5.8 

12 

in. 

50 

0.322 

16.8 

100 

0.131 

5.9 

100 

0.413 

18.9 

150 

0.134 

6.0 

150 

0.450 

19.8 

200 

0.166 

6.3 

200 

0.532 

21.7 

260 

0.176 

7.0 

250 

0.618 

23.8 

300 

0.189 

7.3 

300 

0.660 

25.3 

6  in. 

50 

0.163 

8.3 

14 

in. 

50 

0.445 

21.3 

100 

0.168 

8.9 

100 

0.550 

23.0 

150 

0.184 

9.1 

150 

0.629 

25.3 

200 

0.226 

9.6 

200 

0.745 

28.2 

250 

0.242 

10.0 

250 

0.834 

29.9 

300 

0.258 

10.4 

300 

0.916 

32.3 

Sin. 

50 

0.203 

10.3 

16 

in. 

50 

0.547 

24.7 

100 

0.224 

10.5 

100 

0.639 

26.9 

150 

0.292 

12.8 

150 

0.734 

29.3 

200 

0.332 

13.7 

200 

0.871 

33.4 

250 

0.366 

15.6 

250 

0.987 

36.2 

300 

0.387 

16.2 

300 

1.132 

40.2 

According  to  S.  O.  Jayne,  Irrigation  Engineer,  U.  S.  Department  of  Agri- 
.culture,  the  cost  of  laying  wood  pipe  exclusive  of  earthwork,  baclcfilling  and 
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haula^  varies  from  2  cents  per  lineal  foot  for  pipes  4  to  6  inches  in  diameter  up 
to  6  cents  for  pipes  24  Inches  in  diameter. 

The  prices  and  weights  per  lineal  foot  of  machine-banded  pipe  f .o.b.  cai^ 
Seattle,  Washington,  are  given  in  Table  XII. 

Metal  Pipea. — Space  will  not  permit  even  a  brief  description  of  each  kind  of 
metal  pipe  used  by  irrigators.  Notwitlistanding  the  large  variety  in  the 
market  by  far  the  most  common  is  the  steel-riveted  pii>e.  This  pipe  may  be 
purchased  in  a  large  number  of  sizes  ranging  from  4  to  30  inches  and  over  in 
diameter  and  capable  of  withstanding  heads  of  50  to  300  feet.  Each  joint  of 
pipe  is  made  of  a  single  sheet  of  steel  which  is  sized,  punched,  rolled  and  riveted. 
A  number  of  these  joints  are  then  riveted  together^  making  a  shipping  length 
about  30  feet.  Eacdi  length  is  immersed  m  a  bath  of  hot  asphalt  before  being 
stacked  up  in  the  shipping  yards.  For  all  sizes  up  to  12  inches  designed  for 
ordinary  pressures  the  lengths  are  simply  driven  together,  the  smaller  j<^t 
of  one  end  telescoping  the  larger  jomt  of  the  adjacent  length.  For  high  pres- 
sures and  large  sizes  the  circular  seams  are  single  riveted  and  the  seams  may 
be  split-calked.  For  low  heads,  Ughter  and  less  expensive  pipe  of  galvanized 
iron  from  20  to  24  gauge,  both  coated  and  imcoated,  has  during  the  past  few 
years  come  into  somewhat  extensive  use  throughout  certain  sections  of  the 
Northwest. 

The  following  table  gives  the  list  prices  of  steel-riveted  pipe  in  Los  Angeles, 

Galifomia,  in  1914,  these  prices  being  subject  to  a  discount  of  about  15  per 

cent. 

Tablb  XIII. — Stbel  Riveted  Pipe 


Sise 

16-Qauge 

14-Gauge 

12-Qaui 

4  in. 

$0. 19 

$0.22 

5  in. 

0.  23 

0.27 

6  in. 

0.28 

0.32 

$0.41 

7  in. 

0.31 

0.37 

0.48 

Sin. 

0.34 

0.40 

0.52 

9  in. 

0.38 

0.42 

0.57 

10  in. 

0.41 

0.47 

0.62 

11  in. 

0.43 

0.49 

0.65 

12  in. 

0.46 

0.65 

0.69 

Cost  of  Plain  Concrete  Pipe  for  Irrigation  Works. — Prof.  B.  A.  Etcheverry 
gives  the  following  in  a  report  to  the  Dept.  of  Agriculture.  Provmoe  of  British 
Columbia,   abstracted  m  Engineering  and   Contracting,   Sept.    18,    1912. 

Table  XIV. — Cement  Pipe  Data 


Inside  diameter      Tliickness 

^  of  pipe  of  pipe 

in  inches  in  inches 

6 IHe 

8 IH 

10 1^ 

12 IH 

14 IH 

16 IH 

18 l|i 

20 lU 

22 2 

24 2H 

26 2H 

30 2H 

36 3 


Number  of  feet  of  pipe 
made  with  1  barrel  of 

Cement — ; 

:  4  mixture     1 :  3  mixture 

Men  com- 
posing one 
crew 

No.  of 

feet 

made 

per  day 

95 
63 
47 
36 

75 
50 
37 
28 

1  mixer,  1  or  400-500 

2  moulders,     350-400 

1  finisher  and  300-400 

helper         250-350 

28 
23 
19 
17 
15 

22 
18 
15 
14 

1  or  2  mixers 

2  moulders 

1  finisher 

and 

helper 

225-325 
200-275 
150-225 
125-175 
100-150 

123^ 

llH 
9 

6K 

lOH 

9 
7 
5 

3  or  4  mixers 

2  moulders 

1  finisher  and 

helper 

100-150 
90-120 
90-110 
80 
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Dimensiona  of  Cement  Pipet  and  Rate  of  Manufaeturinff. — ^Tables  XIY  give 
the  thickness  of  the  pipe,  the  number  of  feet  made  per  barrel  of  cement,  the 
nimiber  of  men  in  one  crew  of  pipe  makers,  and  the  number  of  feet  of  pipe 
made  per  day.  The  number  of  men  stated  is  the  number  required  ior  a  large 
production.  The  nimiber  of  feet  per  day  is  not  the  maximum  which  may  be 
obtained  but  is  an  average  rate  for  good  experienced  men.  The  1  to  3  mixture 
requires  about  2}^  bbls.  of  cement  per  cubic  yard  of  concrete.  For  the  1  to  4 
mixture  1^  bbls.  of  cement  per  cubic  yard  are  required. 

Table  XV. — Cost  op  Making  Cbmsnt  Pipes  (in  Cents),  Pbb  Lineal  Foot 

Diameter  Cost  for  1: 2    Cost  for  1:  3      Cost  for  1:4 

^  of  pipe  mixture,  mixture,  mixture, 

in  incnes  cents  cents  cents 

6 *  13  10  7 

8 15  12  9 

10 20  16  11 

12 25  20  16 

14 30  26  20 

16 36  30  25 

18 42  35  30 

20 60  43  35 

24 68  60  60 

26. 87  75  63 

30 95  85  70 

36 130  115  95 

Cost  of  Making  Pipe. — The  cost  given  in  Table  XV  is  obtained  from  the 
above  data  and  for  the  following  prices  of  labor  and  material:  Portland 
cement,  $3.50  delivered  on  the  groimd.  Gravel,  $1.00  a  cubic  yard.  Labor: 
Tampers  $3.00  a  day;  mixers  and  sprinklers,  $2.50  a  day. 

The  figures  given  include  all  materials  and  labor  and  an  allowance  of  about 
10  per  cent  for  interest  and  depreciation  on  plant,  administration  and  super- 
vision, and  should  not  be  exceeded  with  efficient  workers. 

construction  ani>  latino  op  pipe  lines 

Excavation  of  Trench. — The  pipe  should  be  laid  sufficiently  deep  below  the 
surface  to  have  an  earth  covering  of  at  least  12  ins.  and  preferably  18  ins.  or 
even  more.  The  bottom  of  the  trench  should  be  graded  on  an  even  grade  to 
avoid  short  siphons  which  may  produce  air  chambers  in  the  pipe.  The  width 
of  the  trench  should  be  larger  than  the  outside  diameter  of  the  pipe  by  about 
12  ins.  to  allow  the  pipe  layers  sufficient  space  to  work  in.  The  trench  width 
and  depth  with  the  cost  of  excavation  are  given  in  Table  XVI.  based  on  an  18 
in.  depth  of  earth  covering.  The  cost  of  excavation  and  backfilling  is  assumed 
at  20  cts.  a  cubic  yard. 

Laying  the  Pipe. — The  pipes  are  placed  in  the  trench  standing  on  end  with 
the  bell  end  or  grooved  end  up.  To  lower  the  large  pipes  more  easily  they 
may  be  slid  on  a  chute  or  skid  made  of  timber.  The  pipe  sections  are  joined 
with  a  mixture  of  1  part  of  cement  to  2  of  fine  sand.  The  taper  end  of  the  pipe 
which  has  already  been  laid,  and  the  bell  end  of  the  pipe  to  which  it  is  to  be 
joined,  are  brushed  dean  and  well  wetted  with  a  fiber  brush.  About  an  inch 
thidc  of  the  soil  under  the  bottom  of  the  joint  to  be  made  is  removed  and  a 
trowel  full  of  mortar  is  spread  in  its  place  to  form  a  bed  of  mortar.  The  bell 
eod  of  the  pipe  which  is  standing  on  end  is  filled  with  cement  mortar  and  is 
jammed  against  the  taper  end  of  the  previously  laid  pipe.    The  mortar  which 
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Tabub  XVI. — Cost  of  Excavation  fob  Gbmbnt  Pzpb  Lxnbs  (in  Gbnts),  Pxb 

LiNBAL  Foot 

Cost  of  ex- 
cavation in 

cents  at 

20  cts.  per 

cu.  yd. 

2.6 

3.2 

4.0 

4.6 

5.4 

6.4 

7.0 

7.6 

10.0 

11.0 

13.2 

16.6 


Depth  of 

Sise  of  pipe  trench 

6 26 

8 28 

10 31 

12 33 

14 35 

16 38 

18 40 

20..... 42 

24 47 

26 49 

30 54 

36 60 


Width  of 

Exc 
incu. 

savation 
yds.  per 

trench 

lineal  foot 

20 

.13 

22 

.16 

25 

.20 

27 

.23 

29 

.27 

32 

.32 

34 

.35 

36 

.38 

41 

.50 

43 

.55 

48 

.66 

54 

.83 

is  squeezed  out  on  the  inside  of  the  joint  is  wiped  with  a  wet  brush  to  form 
a  smooth  joint.  To  complete  the  joint  a  band  of  mortar  from  2  to  3  ins. 
wide  and  ^toHia.  thick  is  formed  on  the  outside  of  the  pipe. 

It  is  always  preferable  to  lay  the  pipe  uphill  to  avoid  the  shrinkage  at  the 
joints  due  to  the  pipe  pulling  away.  It  is  well  to  protect  the  bands  from  the 
action  of  the  sun  for  about  30  minutes  before  backfilling  by  using  wet  burlap 
or  placing  a  board  over  them.  To  raise  a  pipe  and  hold  it  on  grade  do  not  use 
clods  but  shovel  in  the  dirt  and  compact  it  by  tamping.  The  bands  should  be 
wetted  before  backfilling;  this  must  be  done  carefully  by  shoveling  the  earth, 
free  from  rocks,  around  the  pipe  and  tamping  it  until  the  pipe  is  well  covered. 
With  loose  sandy  soil  which  packs  easily,  very  little  tamping  is  necessary. 
The  pipe  should  not  be  used  for  at  least  two  to  three  days,  esi)eciaUy  if  under 
pressure,  to  give  sufficient  time  for  the  bands  to  harden. 

In  Table  XVII  is  given  information  regarding  the  laying  and  Tianiing  ci 
cement  pipe,  based  on  the  wages  and  cost  of  material  given  above.  Ten  per 
cent  has  been  allowed  for  supervision,  organization,  breaking  of  pipe  and 
miscellaneous. 


Tablb  XVII. — Cost  of  Latino  and  Haulino 

LiNBAL  Foot 


Cbmbnt  Pipb  (in  Cbnts)  Pbb 


Cost  of 
lasring  ex- 
clusive of 
trenching 
and  haul- 


Number  

Weight  of  of  feet  Number  Number  and  haul^  Ckwt  per 

pipe  laid  per  of  men  of  feet  ing,  in  ft.  m 

Diameter  in          in  lbs.  bbl.  of  in  laying  laid  per  cts.  per  hauUnc  2 

inches              per  ft.  cement  crew  day  ft.  miles 

6 20  500  3               600  2.25  .9 

8 32  400  3               600  2.50  1.4 

10 42  350  3               500  3.00  1.9 

12 56  300  3               450  3.50  2.5 

14 69  225  3               400  4.00  3.1 

16 85  200  3               300  5.00  3.8 

18 100  175  4               300  6.25  4.5 

20 110  150  4               300  6.60  5.0 

24 160  100  6               300  10.0  7.2 

26 175  85  6               250  12.0  7.9 

30 220  75  6               200  14.0  9.9 

36 320  60  7              200  17.0  14.4 
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Ttie  post  data  giveo  In  the  iH^eoeding  tables  are  assembled  and  given  in 
Table  XVIII. 

Tabub  XVIII. — Cost  of  Making,  Latino,  Trbnqhino  and  Haxtuno  Csmbnt 

PiFB  (in  Ckntb),  Per  Lineal  Foot 

Coet  of  making 

Cost  of  Cost  of        Total  cost 

Diameter  of  Cost  of    trench-  hauling 

pipe  in  ins.      1: 3  pipe  1: 4  pipe  laying        ing  2  miles  1 : 3  pipe    1:4  pipe 

6 10  7           2.25  2.6  .9  16.75  12.75 

8 12  9           2.50  3.2  1.4  19.10  16.10 

10 15  11           3.00  4.0  1.9  23.90  19.90 

12 20  15           3.50  4.6  2.5  30.60  25.60 

14 25  20           4.00  5.4  3.1  37.50  32.50 

16 30  25           5.00  6.4  3.8  45.20  40.20 

18 35  30           6.25  7.0  4.5  52.75  47.75 

20 43  35           6.60  7.6  5.0  62.20  54.20 

24 60  50  10.0  10.0  7.2  87.20  77.20 

26 .75  63  12.0  11.0  7.9  105.90  93.90 

30 85  70  14.0  13.2  9.9  122.10  107.10 

36 115  95  17.0  16.6  14.4  163.00  143.00 

These  cost  values  agree  quite  closely  with  those  given  below  which  are 
those  obtained  for  about  5  miles  of  pipe  on  the  irrigation  system  of  the  Fruit- 
lands  Irrigation  &  Power  Company,  near  Kamloops.  The  concrete  mixture 
used  was  composed  of  1  part  of  cement  to  2H  sand  and  IH  of  stone,  which 
corresponds  to  a  1  to  3  mixture  of  cement  and  pit  gravel.  Cement  cost  $3  a 
barrel,  sand  75  cents  a  cubic  yard,  crushed  rock  $2.50  a  cubic  yard,  common 
labor  $2.50  per  day,  skilled  labor  $3  to  $3.50  per  day,  and  teams  $6  per 
day.  The  cost  given  includes  all  materials,  labor,  supervision,  and  deprecia- 
tion on  plant. 

Table  XIX. — Cost  ov  Making  and  Latino  Concrete  Pipe  on  Irrigation 
Ststem  op  Fruitlanbb  Irbioation  &  PowBR  Co..  Near  Kamloops 

Diameter 
of  pipe.  Cost  of  making.      Cost  of  laying.  Total  coet, 

inches  cents  cents  cents 

10.  .•• lo«  7  ••••  •••• 

12 20  11  31 

16 29.6  15.6  45 

20 39.6  20.3  59.8 

24 54.7  23.3  78 

Cost  of  Manufacturing  Concrete  Pipe. — The  following  data  were  published 
in  Engineering  and  Contracting,  Jan.  14,  1920. 

During  the  past  season  the  Modesto  Irrigration  District  of  Stanislaus 
county,  Califomia,  constructed  several  thousand  feet  of  standard  concrete 
I^pe.  The  pipe  was  hand  tamped,  reinforced,  made  in  2  ft.  lengths  with  bdil 
and  spigot  ends  and  walls  varying  in  thickness  from  \yi  in.  for  8  in.  to  3  in. 
for  36-in.  pipe.    The  mix  was  1  cement  to  3H  sand. 

The  cost  of  the  pipe  was  as  follows: 

Sixe,  in.  Cost  per  lin.  ft. 

8  $0. 12H 
12  .21 

16  .36 

20  .51 

24  .68 

30  1.02 

36  1.50 
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The  above  costs  include  an  allowance  of  $1,000  for  dep^rectation.  Sevoral 
thousand  feet  of  each  size  up  to  and  including  24  in.  were  made.  Seyenl 
hundred  feet  of  the  30-in.  and  36-in.  pipe  also  were  constructed. 

The  force  consisted  of  10  or  12  men  at  $4  per  day  each,  and  a  foreman  at 
$5  per  day.    The  cost  of  materials  was: 

Cement $3. 25  per  bbl. 

Sand 1.  50  per  ton 

Rock 1 .  50  per  ton 

An  8-hour  shift  was  worked,  and  an  average  of  350  ft.  of  8  in.  or  180  ft.  of 
24  in.  pipe  was  made  per  shift. 

Costs  of  Contiiiuous  Wood  Stave  Pipe  Lines. — In  Engineering  and  Ck)n- 
tracting,  July  21,  1915,  the  following  extract  from  Bulletin  156,  U.  S.  Depart- 
ment of  Agriculture,  by  S.  O.  Jayne,  is  given. 

EigfUeen-inch. — ^At  Astoria,  Ore.,  7}i  miles  <rf  18-in.  pipe  built  in  1896. 
Staves,  fir,  IH  ins.  thick,  milled  from  2  X  6-in.  liunber.  -Bands,  He  in. 
diameter  upset  to  >^  in.  at  threads.  Clips  No.  12,  B.  W.  G.,  IK  ins.  wide, 
treated.  Shoes,  Allen  patent,  malleable  iron,  weight  10  oimces  each.  Con- 
tract prices  of  steel  in  bands,  4.8  cts.  per  pound.  Liunber,  gross  measure- 
ment, $35.40  per  1,000  ft.  b.  m.  Average  spacing  of  bands,  5^6  ins.  Cost  of 
pipe  to  the  city,  90.33  cts.  per  linear  foot,  including  accessories  or  76  ctd. 
excluding  them.  These  figures  are  not  the  actual  cost  of  building  the  pipe,  as 
Mr.  Adams  says:  "It  is  presumable  that  the  contract  prices  represent  a 
profit  of  from  12J^  to  15  per  cent."  The  approximate  cost  of  replacing 
this  line  with  one  of  the  same  size  and  length  in  1911  was  $75,000,  redwood 
staves  l}i  ins.  thick  being  used  in  the  new  pipe.  The  cost  given  Includes 
engineering  expense. 

ThiHy-inch. — ^At  Denver,  Colo.,  in  1889,  a  30-in.  pipe  16.4  miles  long  re- 
quired 1,869,000  ft.  b.  m.  of  Texas  pine,  which  cost  $51,399.28,  at  $27.60  per 
M.,  and  271.900  half -inch  bands,  which  cost  $54,299.55;  erection  of  pipe  by 
ccmtract,  at  6.1  cts.  per  band,  $13,866.03;  total.  $119,564.86,  or  $1.36K  per 
linear  foot.     Trenching  cost  48.3  cts.  per  foot  in  addition  to  foregoing. 

At  Jerome,  Idaho,  1912,  1,529  ft.;  30  ins.  diameter;  fir  staves,  1%  ins.  thick: 
bands,  K  in.  diameter;  pressure,  0  to  47  ft.;  average  haul,  10  miles;  built  in 
trench  and  buried  2  ft.  deep.  Cost,  including  everything  except  engineering 
and  administration.  $2,922,  or  $1.91  per  linear  foot. 

At  Idaho  Falls,  Idaho,  1905;  800  ft.;  30  ins.  diameter;  fir,  K  in-  bands: 
maximum  head,  34  ft.;  supported  on  wood  cradles.  Cost,  $1.65  per  linear 
foot,  including  everything. 

At  Kennewick,  Wash.,  1908;  9,490  ft.;  30  ins.  diameter;  head,  0  to  180  ft  : 
built  by  contract  on  prepared  foundation  for  $  1 .85  per  foot.  Includes  delivery 
of  material  at  railroad  point,  but  no  haul  or  earthwork. 

Thirty-ttpo  Inch. — At  North  Yakima,  Wash.,  1894;  Redwood  siphon  940  ft. 
long;  32  ins.  diameter;  maximum  head,  90  ft.;  bands,  H  in*  diameter;  built  by 
force  accoimt  for  $2,500,  equals  $2.66  per  linear  foot.  Duplicated  by  con- 
tract, 1903,  for  same  figure. 

At  Filer,  Idaho,  1901;  1,300  ft.;  32  ins.  diameter;  fir  staves,  IH  ins.  thick, 
at  $40  per  thousand  feet  b.  m.  on  basis  of  2  X  6-in.  lumber;  bands,  H  in. 
diameter,  57  cts.  each;  malleable  iron  shoes,  4  cts.  each;  tongues,  H  X  IH  X 
5^6  ins.,  3  cts. ;  pressure  head,  0  to  40  ft. ;  work  done  by  force  account;  wa^^, 
$2.50  for  10  hours,  and  foreman  $5;  hauling  material  8  miles,  $75;  erecting  on 
top  of  ground,  approximately  $260.    Cost  of  staves  and  steel  laid  dovm  at 
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Filer,  $1.35  per  foot  of  i^pe;  haul  ai^  erecting,  25  cts.;  total  appraxbnately, 
$1.60  per  foot. 

ThiHy-atx  Inch, — ^At  Jerome,  Idaho,  1012;  050  ft.;  36  ins.  diameter;  head, 
0  to  43  ft.;  staves,  fir,  1^  ins.  thick;  band,'H  in.  diameter;  built  in  trench  and 
buried  2  ft.  de^;  average  haulr  4  to  5  miles.  Cost,  including  everything 
except  engineering  and  administration,  $1,596,  or  $2.46  per  foot. 

Forty  Inch. — ^At  Jerome,  Idaho,  1912;  3,113  ft.;  40  Ins.  diameter;  head,  0  to 
100  ft.;  fir  staves,  1^  ins.  thick;  bands,  H  in.  diameter;  built  in  tr^ich  and 
buried  2  ft.  deep;  average  haul,  10  miles;  cost,  $8,933,  or  $2.87  per  foot, 
including  everything  except  engineering  and  administration. 

Forty-two  Inch. — ^At  Jerome*  Idaho,  1912;  980  ft.;  42  ins.  'diameter;  head, 
0  to  51  ft.;  staves,  fir,  IH  ins.  thick;  bands,  }i  in.  diameter;  built  in  trench 
and  buried  2  ft.  deep;  average  haul,  4  to  5  miles;  cost,  $2,556,  or  $2.61  per  foot, 
including  everything  except  engineering  and  administration. 

FoHy-four  Inch. — ^At  Wenatchee,  Wash.,  1902-3;  9,000  ft.;  44  ins.  diameter; 
maximimi  head,  235  ft.;  bands,  H  in.  diameter;  fir  staves,  IH  ins.  thick; 
laid  in  trench,  and  on  bridge  across  Wenatchee  River;  contract  price  for 
pipe,  $2.20  per  linear  foot.    Excavating  and  backfilling  not  included. 

At  Palisades,  Colo.,  1909-10;  three  fir  pipes,  44  ins.  diameter;  2,850  ft.; 
1,055  and  1.150  ft.  in  length;  cost  by  contract,  $3.15,  $3.25,  and  $2.90  per 
linear  foot,  respectively.     No  earthwork  included. 

Forty-eight  Inch. — At  Palisades  (orchard  mesa),  Colo.,  1909-10;  for  six 
pipes  48  ins.  in  diameter  and  varying  lengths  and  heads,  the  unit  prices 
ranged  from  $2.40  per  foot  up  to  $4.75  per  foot,  the  average  of  the  six  being 
$3.52;  material,  fir. 

At  Deer  Park,  Wash,  (about  1909),  94,000  ft.  of  fir  pipe;  head,  0  to  70  ft.* 
buflt  in  trench;  contract  price,  $2.35  per  foot,  includes  delivery  of  all  material 
at  railroad  point  and  erection  of  pipe,  but  no  haul  or  earthwork. 

FoHy-eight  Inch. — ^At  Clarkston,  Wash.,  1906;  fir  staves,  IH  ins.  thick, 
H-in.  bands;  built  in  trench  by  force  accoimt,  for  light  head;  cost,  $2.25  per 
foot,  no  earthwork  included.  Foreman  received  $3.50  per  day  and  other  men 
$2.50  for  10  hours. 

Fifty-eight  Inch. — ^At  Pueblo,  Colo.,  1907;  2,277.5  ft.;  cost  by  contract, 
$6.14  per  foot,  no  earthwork  included. 

Sixty  I-nch. — At  Pueblo,  Colo.,  1907;  on  17  fir  pipes  the  unit  price  per  foot 
ranged  from  $4.19  to  $6.58.  averaging  $5.51.  The  combined  length  of 
17  pipes  equals  19,821.5  feet,  making  the  average  price  per  foot  on  this  basis 
equal  $6.27;  earthwork  not  included. 

Sixty  Inch. — At  Nissa,  Ore.,  1912;  6,700  ft.;  average  head  about  65  ft.; 
buids,  %  in.  diameter;  staves,  fir,  2X6  ins.;  built  on  wooden  cradles;  con- 
tract price,  $4.25  per  foot,  included  material,  erecting,  aad  freight,  but  no  haul 
or  earthwork. 

Compfu-ative  Annual  Cost  of  Wooden  Flumes  and  Pipes. — Prof.  B.  A. 
Etcheverry  gives  the  following  In  a  report  to  the  Dept.  of  Agriculture,  Province 
of  British  Columbia,  abstracted  in  Engineering  and  Contracting,  Sept.  4, 1912. 

For  ordinary  conditions  it  is  roughly  estimated  that  a  wooden  flume  system 
will  cost  one-half  as  much  as  a  wooden  pipe  system.  For  very  rough  land 
requiring  a  great  deal  of  fiuming  on  high  trestles,  the  comparison  in  cost 
would  not  be  so  favorable  to  wooden  flume.  As  far  as  durability  is  con- 
cerned, the  life  of  a  well  constructed  wooden  flume  should  be  between  8 
and  12  years.  The  life  of  a  wooden  pipe  which  is  full  only  part  of  the  time  is 
problematical;  it  depends  somewhat  on  the  kind  of  wood  and  on  the  soil  in 
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which  it  is  placed.  In  Idaho  4  X  4  in.  wooden  poets  used  for  lot  ooroen, 
made  of  the  best  fir  and  painted,  have  been  almost  completely  destroyed  in  one 
year.  There  are  a  number  oi  instances  where  wooden  pipes  have  gone  to 
pieces  in  4  or  5  years  or  even  less.  However,  if  the  pipe  is  made  of  good 
selected  material,  free  from  sap  wood,  the  life  should  be  from  10  to  15  yean 
for  a  wooden  pipe  empty  part  of  the  year.  The  life  of  wooden  pipe  whidi  is 
kept  constantly  full  and  buried  to  sucdi  depth  as  to  prevent  freezing  would  be 
considerably  greater,  probably  20  to  30  years,  provided  the  soil  in  which  it  is 
buried  does  not  contain  injurious  salts.  Were  it  not  necessary  to'  prevent 
the  water  in  the  pipe  from  freezing,  it  is  my  opinion  that  the  life  of  a  wooden 
pipe  kept  constantly  full  and  under  sufficient  head  for  the  wood  to  be  satu- 
rated would  be  increased  if  it  was  laid  above  ground  not  in  contact  with  the 
soil. 

As  far  as  the  cost  of  maintenance  is  concerned,  a  wooden  flume  system 
requires  frequent  repairs,  starring  and  calking,  the  cost  of  which  would  be 
greater  than  the  maintenance  of  a  pipe  system. 

It  is  impossible  to  represent  numerically  the  above  statements  with  any 
degree  of  accuracy  because  of  the  varying  conditions.  Roughly,  they  may  be 
represented  as  follows: 

Annual  Cost  of  Woodbn  Flumsb  and  Wooden  Pipes  Ghtkn  in  Per  Cent 

OF  First  Cost 

Per  cent 
For  wooden  flumes,  life  8  to  12  years: 

Annual  maintenance  and  repairs  distributed  over  entire  life 5 

Sinldng  fund  for  renewals 9 

Interested  on  capital  invested 6 

Total 20 

For  wooden  pipes  empty  part  of  the  time,  life  10  to  15  years: 

Maintenance  and  repairs 2 

Sinldng  fund  for  renewals 7 

Interest  on  capital  invested 6 

Total 16 

For  wooden  pipes  always  full,  life  20  to  30  years: 

Maintenance  and  repairs 1 

Sinldng  fund  for  renewal 4 

Interest  on  capital  invested 6 

Total 11 

These  figures  show  that  the  annual  cost  which  must  be  provided  for  to 
maintain  and  renew  a  system  and  pay  interest  on  capital  invested  is  20  per 
cent  for  a  wooden  flume  system,  15  per  cent  for  a  pipe  system,  in  use  part  of 
the  time  and  1 1  per  cent  for  a  pipe  system  always  full.  These  costs  are  in  the 
ratio  of  1.8,  1.3  and  1.  Therefore  a  flume  system  is  more  economical  than  a 
wooden  pipe  system,  which  can  be  kept  full  of  water  only  part  of  the  time, 
when  the  cost  of  the  wooden  pii>e  system  would  be  in  excess  of  1.3  times  the 
cost  of  the  flume  system.  Also  the  flume  system  is  more  economical  when  the 
cost  of  a  wooden  pipe  system  which  can  be  kept  full  of  water  all  the  time  is 
1.8  times  the  cost  of  the  flume  system.  As  stated  above,  a  wooden  pipe 
system  imder  average  conditions  will  cost  about  twice  as  much  as  a  wooden 
flume  system;  therefore,  if  the  above  cost  alone  is  considered,  a  wooden  flume 
system  is  more  economical.  But  there  are  other  relative  advantages  and 
disadvantages  which  should  be  considered. 
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The  third  type  of  system — ^that  is,  the  wooden  pipe  system  which  can  be 
kept  full  all  the  year  around  without  f reeadng — ^has  the  advantage  that  it  can 
be  used  for  domestic  supply.  The  other  two  types  require  a  separate  domes- 
tic system  if  domestic  water  is  desired.  But  it  is  not  always  possible  to 
combine  the  two,  for  often  the  source  of  supply  from  which  the  irrigation 
water  is  obtained  may  be  frozen  in  the  winter  or  it  may  be  so  iK)Uuted  that  it 
is  not  safe  drinking  water  and  if  it  must  be  filtered  or  treated  to  purify  it,  it 
would  be  very  poor  economy  to  have  to  purify  the  irrigation  water  as  well  as 
the  domestic  water  which  are  carried  in  the  same  pipe.  If  these  conditions 
exist  a  separate  domestic  system  is  preferable. 

The  Cost  of  a  High  Flume  Trestle  in  Idaho. — A.  M.  ^orsmo  gives  the 
following  in  Engineering  Record,  April  5,  1913. 

The  flume  is  a  i>art  of  the  Cottonwood  Feeder  Canal  on  the  Twin  Falls- 
Oakley  irrigation  project  at  Oakley,  Idaho.    The  trestle  forms  the  substruo- 
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FiQ.  11. — Framing  details  of  timber  trestle  in  Idaho. 


ture  for  a  corrugated-steel  Lennon  flume  across  a  deep  gulch.  The  material 
used  in  its  construction  was  No.  1  conmion,  rough  Oregon  fir  lumber,  which, 
considering  its  grade,  was  of  good  quality  and  fully  dimensioned.  In  design- 
ing the  trestle  a  batter  of  3  in  24  was  used  on  the  bent  posts,  this  being  con- 
sidered sufficient  on  accoimt  of  the  sheltered  location  of  the  structure.  The 
gulch  is  a  very  winding  one  and  high  winds  never  occur. 

Structural  Details, — The  structure  consists  of  a  series  of  timber  bents  23  ft. 
6  in.  in  centers,  every  pair  of  bents  forming  a  tower.  AU  posts  rest  on  con- 
crete piers  1  ft.  square  on  top,  18  in.  high  and  built  with  a  batter  of  1  to  2. 
Iron  stn^M,  anchored  in  the  pedestals,  are  fastened  to  the  posts  to  prevent 
sliding  or  overtiiniing. 

The  trestle  is  564  ft.  long  and  has  a  maximum  height  of  96  ft.  With  the 
bents  spaced  23  ft.  6  in.  on  centers  it  was  considered  impracticable  to  erect 
86 
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one  deck  at  a  time  on  aooount  of  tbe  great  amount  of  fatocwotk  and  stacPDC 
that  would  be  Teqmred  by  this  method.  A  cantflerer  erecting  beam  was  thea 
built  with  tiie  idea  of  erecting  the  structure  from  one  end  and  compietiBg 
each  beat  as  the  work  adyanced.  The  framing  of  tiie  trestie  is  shown  in 
Fig.  11. 

Breetion  Methods. — ^The  north  side  of  the  gukh  has  a  flat  slope,  ^e  &st 
four  bents  having  no  cr^yples;  the  erectkm  was  begun  at  that  end.  AIleuttiDg 
and  framing  was  done  below,  in  the  bottom  of  the  gukh,  and  "flnalffriiq>"  to 
idaee  by  mule  powo*,  whore  it  was  assembled  and  erected. 

All  the  falsework  required  was  a  platform  4  ft.  below  the  stzHigen.  running 
back  two  bents  from  the  one  last  erected.  It  was  used  to  set  the  traTeter  on 
and  as  a  scaffold  from  which  the  strhigers  and  kneebraoes  wne  placed  ia 
poBiti(Hi.  As  the  trarel^  advanced  the  falsework  cm  the  finidied  sectkm  was 
torn  up,  the  4  X  4-in.  carriers  of  the  flume  were  ptaeed  in  positioii  on  the 
string^s  and  the  running  plahks  laid  cm  the  carriers. 

Whoa,  the  travelH'  had  been  rolled  out  into  portion  by  the  aid  of  a  doOy  and 
the  rear  aid  of  the  trav^er  anchored  with  chains  to  the  bent  behind  the  lover 
cripple  a  new  bent  was  ready  to  be  erected.  One  ^id  of  the  3  x  6-in. 
running  braces  was  f  ast^ied  to  the  bait  legs  under  the  cap  b^ore  the  latter 
'^as  aected.  This  was  done  with  a  ^-in.  bolt,  and  when  the  bent  had  be^ 
hoisted  into  place  these  3  X  6-in.  longitudinal  braces  were  swung  up  into 
position  and  nailed  under  the  corresponding  cap  ot  the  bent  last  erected. 
This  was  done  by  using  tag  lines  low^ed  from  the  travder  platform  aboTe. 

This  method  oi  erection  was  fcrilowed  on  all  baits,  and  when  the  structure 
was  completed  all  3  X  &-in.  running  braces  between  towers  were  removed. 
When  these  braces  were  a  part  of  a  tower  the  end  whidi  had  been  bolted  was. 
spiked  and  the  bolts  ronoved.  Sway  braemg  was  then  raised  and  fastened  in 
place  by  means  of  ropes  and  blocks,  theiatter  b&ng  swung  trom.  the  stringera 
above.  Befcwe  the  t<H;>  section  (rf  a  bent  was  raised  two  2  x  8-in.  strips, 
one  cm  either  side  of  the  bait  and  4  ft.  from  the  top  end.  were  U-b(4ted  to  the 
posts.  These  carried  the  traveler  platform,  the  erectii^  beam  holding  the 
bent  fast  until  the  stringerd  and  staging  had  been  placed  in  pootion. 

Erection  Coete. — The  erection  covered  a  period  of  fif  teoi  days,  with  a  crew 
of  sevoi  laborers,  four  carpoiters  and  one  foreman.  Below  is  a  record  of 
costs.  It  should  be  noted  that  no  experioiced  loft  moi  were  used.  This  was 
an  important  consideration,  as  it  retarded  the  erection  considaably,  because 
the  men  were  unaccustomed  to  work  high  in  the  air.  With  an  experienced 
crew  the  erection  would  have  cost  at  least  $1 .75  less  per  1000  ft.  board  measure, 
this  estimate  bong  based  cm  the  subsequent  erection  oi  another,  somewhat 
smaller,  trestle  by  the  same  crew  that  built  the  high  one. 

SuMMABT  OP  Costs 
Total  Lumber  Used  EquaU  27.9  M.  Ft.  B.M. 

Ijahcften 775  hours  at  25  cents $193. 75 

Carpenters 649  hours  at  35  cents 227.  IS 

F<»%men 148  hours  at  45  cents 66. 60 

Muk 150  hours  at  10  cents » 15.00 

Total $502.  SO 

Average,  $18.00  per  1000  ft.,  board  meastu^. 

Cost  of   Repairing  Leaky  Wooden  Flume  with  Roofing  Paper  Liaing. — 

Engineering  News-Record,  Jan.  15.  1920.  gives  the  following: 
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A  wooden  flume  that  has  now  supplied  a  Southern  Califomia  irrigation 
district  for  over  30  years  began  to  leak  badly  a  few  years  ago.  The  leakage 
increased  despite  remedial  measures,  until  about  50%  of  the  flow  was  escap- 
ing. The  water  company  was  losing  revenue  and  there  was  danger  of  crop  loss 
through  water  shortage,  so  immediate  relief  was  necessary.  On  account  of 
the  high  cost  of  permanent  fliune  construction  and  the  improbability  of  earning 
a  return  on  investment  of  that  sort,  effort  was  made  to  find  some  cheap  and 
effective  means  of  reducing  leakage  in  the  old  flume.  Various  expedients  had 
been  tried  before  this  time.  Sections  of  the  flume  box  had  been  caulked  and 
battened,  or  coated  with  hot  asphalt,  a  layer  of  burlap  applied,  and  a  second 
coat  of  asphalt  put  on  over  the  burlap.  None  of  these  expedients,  however, 
reduced  the  leakage  materially. 

It  was  finally  decided  to  try  lining  the  flume  with  prepared  roofing  paper. 
Three  methods  were  worked  out  and  careful  records  of  each  were  kept.  The 
more  effective  of  these  reduced  the  leakage  from  60%  to  about  3%.  After 
five  years  of  service  the  leakage  is  still  kept  down  to  about  10%  by  the  occa- 
sional renewal  of  sections  here  and  there. 

Of  the  three  types  of  lining  tried,  one  was  effective  but  cost  too  much, 
another  was  entirely  unsatisfactory  and  after  being  in  use  for  about  two  years 
was  removed  and  replaced  by  a  third  type  which  was  found  to  be  entirely 
satisfactory  and  was  adopted  as  standard.  An  advantage  claimed  for  lining 
of  the  roofing  paper  type  is  the  ease  with  which  repairs  or  renewals  are  made. 
In  addition  to  maintenance  of  this  sort  it  has  been  foimd  desirable  to  mop  the 
entire  lining  with  asphalt  at  intervals  of  at  least  two  years. 

Types  of  Lining. — In  the  Tjrpe  I  lining  the  flume  was  strengthened  wher- 
ever necessary,  large  cracks  were  plugged,  flume  box  was  swept  and  seams 
were  mopped  with  asphalt.  All  this  was  done  by  company  force.  Con- 
tractors then  flooded  flume  with  hot  asphalt.  Into  which  a  layer  of  " P  A  B'* 
asphalt  saturated  felt  weighing  11  lb.  per  square  was  placed  while  the  asphalt 
was  still  hot.  The  felt  was  lapped  3  in.  at  seams,  and  was  reinforced  in 
comers  and  at  all  joints  with  strips  of  Irish  felt.  The  felt  was  then  flooded 
with  hot  asphalt  and  1-ply  "Cronolite"  roofing,  weighing  37  lb.  per  square, 
was  applied  while  asphalt  was  still  hot.  The  lining  was  then  mopped  with  hot 
asphalt.    A  total  of  140,940  square  feet  of  fiume  was  lined  in  this  way. 

In  the  Type  II  lining  the  fiume  was  prepared  by  the  company's  men  as 
above.  By  mopping  on  hot  asphalt  the  contractor  then  attached  a  strip  of 
water  proof  felt  to  the  fiume  box  where  the  roofing  paper  joints  would  come. 
After  mopping  this  felt  strip  one  edge  of  the  roofing  sheet  was  nailed  down  to  it 
uid  when  the  sheet  had  in  turn  been  mopped  the  edge  of  the  overlapping 
sheet  was  placed  and  nailed  every  two  inches.  Finally,  the  joint  was  mopped 
over  the  nail  heads.  The  upper  edge  of  the  roofing  on  the  sides  of  the  flume 
was  nailed  without  mopping.  Two-ply  Trino  ready  roofing  was  used  in  this 
type  on  189,560  sq.  ft.  of  flume.  At  least  35  lb.  of  asphalt  per  square  was  found 
to  be  desirable  with  this  tjrpe. 

In  Type  III  the  flimae  was  prepared  for  lining  by  the  company's  men  as 
already  described.  The  contractor  coated  both  flume  and  lining  with  hot 
asphalt  and  applied  the  lining  while  the  asphalt  was  still  hot,  thus  forming  a 
tight  bond  between  lining  and  fiume  box.  Laps  in  the  lining  at  joints  were 
nailed  with  large  flat-headed,  roofing  nails.  A  total  of  1,051,402  sq.  ft.  of 
flume  was  lined  in  this  way,  using  2-ply  Flaxine  and  Argonaut  prepared  roofing. 

Co8t9. — The  cost  of  preparing  the  flume  for  lining,  hauling  materials,  super- 
vision, etc.,  was  $7,838.62,  or  $0.57  per  square.     This  charge  was  made  against 
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all  tjrpes  of  lining.  California  asphalt  was  used  throughout.     The  costs  w^e 
as  follows: 

Type  I 

Preparing  flume,  etc.,  1,409.4  squares  at  $0.57 $       799. 67 

Lining  by  contract,  1,409.4  squares  at  S3.43 4,831. 30 

1,409. 4  squares  at  $4 $  6, 630.97 

Ttpb  II 

Preparing  flume,  etc.,  1.895.6  squares  at  $0.57 $  1 ,  075. 49 

Idmng  by  contract,  1,895.6  squares  at  $2.47 4 ,  678. 07 

1,895.  6  squares  at  $3.04 $  5, 763. 56 

Type  III 

Preparing  flume,  etc.,  10,514  squares  at  $0.57 $  5 , 963. 46 

Limng  by  contract,  10,514  squares  at  $2.43 25, 541. 44 

10, 514  squares  at  $3 $31 , 504. 90 

Total:  13,819  squares  at  $3.10 $42,889.43 

Comparison  of  Wood  and  Concrete  for  Use  in  Irrigation  Structures. — 
The  following  discussion  is  given  by  S.  T.  Harding,  Assistant  Professor  oi 
Irrigation,  University  of  California,  in  Engineering  and  Contracting,  April 
12,  1916. 

The  relative  economy  of  wood  and  concrete  structures  for  use  on  irrigation 
systems  is  a  question  subject  to  much  debate  among-irrigation  engineers. 
The  following  comparisons  were  made  to  determine,  first,  the  amount  of  wood 
in  feet  board  measure  which  is  the  equivalent  of  one  cubic  yard  of  concrete  in 
dififerent  types  of  structures  and,  secondly,  to  compare  the  relative  cost  for 
certain  assumed  conditions.  The  cost  and  conditions  of  use  of  these  two 
materials  will  vary  so  widely  in  different  portions  of  the  West  that  the  choice 
in  any  particular  case  will  have  to  be  based  on  a  conslderaticm  of  these  local 
factors. 

The  comparisons  which  are  made  refer  to  the  types  of  structures  used  on 
distribution  systems.  The  choice  of  the  material  to  be  used  in  important 
single  structiures  is  often  fixed  by  a  consideration  of  other  factors  than  the 
relative  cost  of  the  material  used.  The  difficulties  of  replaconent  and  damage 
from  failure  generally  make  the  use  of  the  more  permanent  forms  of  construc- 
tion desirable  for  diversion  dams  and  headgates. 

The  comparison  of  wood  and  concrete  for  the  usual  irrigation  structures  also 
involves  more  than  considerations  of  first  cost  and  the  life  of  the  structure. 
In  new  projects  the  location  of  parts  of  the  distribution  system,  particularly 
sub-laterals,  may  need  modification  or  change  which  involves  less  loss  with 
the  cheaper  wooden  structures.  Also,  a  wooden  structure  has  some  salvage 
value;  a  concrete  structure  if  removed  is  generally  a  total  loss.  Experience 
in  operation  or  general  advance  in  irrigation  engineering  may  enable  structures 
to  be  designed  which  may  be  more  suitable  than  those  first  used.  The 
methods  of  applying  water  to  the  lands  may  be  modified.  The  present  tend- 
ency is  toward  methods  which  permit  of  the  handling  of  larger  streams  of 
water  on  the  individual  farm.  This  may  require  changes  in  the  sub-lateral 
systems  such  as  larger  delivery  turnouts  and  checks. 

The  financial  conditions  of  the  constructing  company  may  be  such  that  the 
initial  expenses  must  be  kept  at  a  mimimum  until  the  project  is  placed  on  an 
operation  basis.  The  interest  rate  at  which  funds  can  be  secured  in  the  eariier 
stages  of  a  project  is  often  much  higher  than  those  obtainable  later,  so  that  the 
cheaper  wooden  structures  may  be  more  economical  for  first  ccmstruction,  to  be 
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replaced  by  concrete.  It  may  be  economical  where  the  period  of  develop- 
ment expected  is  longer,  than  the  life  of  the  wood  structures  to  construct  the 
canals  and  structures  of  only  sufficient  capacity  for  this  early  period  and  to 
enlarge  the  canal  at  the  time  of  replacement.  Concrete  structures  in  the 
original  construction  would  need  to  be  built  to  full  capacity  and  thus  increase 
the  amount  of  non-productive  investment.  This  applies  to  structures  in 
main  canals  and  laterals,  such  as  checks  and  flumes,  more  than  to  Individual 
division  or  turnout  structures. 

When  originally  constructed,  the  canals  may  be  In  undeveloped  sections 
without  adequate  transportation  facilities.  Following  settlement,  this  may 
be  overcome  so  that  the  relative  prices  of  the  two  materials  may  be  much  dif- 
ferent at  the  time  the  original  wood  structures  must  be  replaced.  The  prices 
of  the  two  materials  has  tended  to  change,  wood  increasing  and  cement  de- 
creasing, so  that  concrete  may  be  able  to  compete  with  wood  in  replacements 
where  it  would  not  have  been  able  to  do  so  for  the  original  construction. 

These  various  considerations  will  fix  the  choice  between  these  two 
materials  for  original  construction  more  often  than  a  strict  computation  of 
ultimate  economy.  After  a  project  has  been  in  operation  sufficiently  long  to 
establish  itself  as  a  going  concern,  the  replacements  as  needed  can  be  planned 
with  greater  attention  to  the  relative  cost  and  service  of  the  two  types.  This 
tendency  is  evident  in  practice,  as  on  many  systems  side  hill  bench  flumes 
have  been  replaced  with  retaining  wall  lined  sections,  wooden  drops  with 
concrete,  etc.  The  comparisons  here  given  will  have  a  larger  application  in 
such  betterment  work  than  in  original  construction. 

Ratio  of  Cost  of  Concrete  and  Wood  in  Strttctures  to  Total  Coat  of  Structure. — 
The  unit  of  cost  for  wood  structures  generally  used  is  the  1,000  ft.  board  meas- 
ure or  M.B.M.;  that  for  concrete  the  cubic  yard.  These  materials  form  only 
a  part  of  the  total  structure,  in  both  cases  excavation,  backfill,  miscellaneous 
parts  such  as  gates,  footwalks,  and  footings  for  flumes  are  required.  The 
proportion  of  the  total  cost,  which  consists  either  of  the  wood  or  concrete,  was 
determined  for  many  structures  for  which  costs  were  available  from  various 
sources.  The  proportions  vary  rather  widely  with  different  conditions,  but 
the  following  generalizations,  Table  XX,  were  made.  The  percentages  given 
are  for  the  cost  of  concrete  and  wood  In  place. 

Table   XX. — Cost   of   Concrbtb   and   Wood   in   Ibrigation   Structures 

EXPREHSED  AS  A  PeBCENTAQB  OP  THE  TOTAL  COBT  OF  THE  STRUCTURE 

— r^Conc.   structures —      — Wood  structures 

Usual     Usual  Usual     Usual 

T^pe  of  structure  max.       min.      Mean      max.       min.      Mean 

Turnouts 75  50  65  65  40  50 

Checks.... 85  60  75  75  50  60 

Drops 90  60  80  75  50  65 

Box  culverts 95  60  80  70  50  60 

Wood  flumes . .  . .  95  75  85 

Buried  concrete  pipe  siphons ...       85  65  75 

Number  of  Cubic  Yards  of  Concrete  Which  are  Equivalent  to  1,000  Ft.  Board 
Measure. — Comparisons  of  the  amount  of  concrete  or  wood  "required  were  made 
fOT  individual  structures.  Drawings  of  either  wood  or  concrete  structures 
were  jised  and  the  amount  of  material  for  an  equivalent  structure  of  the  other 
tyi)e  computed.  From  these  comparisons  the  number  of  cubic  yards  of  con- 
crete which  were  equivalent  to  one  M.B.M.  of  wood  were  obtained.  The 
resulting  general  figures  are  given  in  Table  XXI. 
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Table  XXI. — Number  of  Cubic  Yards  op  Ck)NCRETE  Which  are  Equivalemt 

TO  1,000  Ft.  B.M.,  of  Wood 

Number 

of  comp-        Usual  Usual 

Kind  of  structure  arisons.  min.  max.  Mean 

Turnouts.... 29  9.0  4.5  6.6 

Checks 12  8.0  6.5  6.4 

Drops 13  7.5  4.5  6.0 

Box  culverts 23  10. 0  5. 0  7. 6 

Flumes 13  5.5  3.5  4.2 

Bridge  floors  up  to  20-ft.  span 20  7.0  4.0  5.2 

As  shown  in  the  table,  the  ratio  varies  widely.  This  is  largely  due  to  dififer- 
ences  in  design  on  different  systems.  Wood  structures  are  better  standardized 
than  concrete,  the  commercial  thicknesses  of  lumber  are  used,  such  as  2-in. 
plank  for  the  smaller  structures  and  3-in.  plank  for  the  larger  ones  or  those 
difficult  to  replace,  such  as  culvert  barrels.  With  concrete,  the  required  thick- 
ness of  such  parts  as  headwalls  for  small  structures  cannot  be  definitely  com- 
puted and  practice  varies  with  the  policy  of  different  forms  of  organization  and 
climatic  conditions.  Examples  were  found  of  similar  structures  having  over 
100  per  cent  variation  in  the  thickness  of  similar  parts;  the  Inlet  floors  to  turn- 
outs of  similar  size  varied  from  4  in.  of  plain  concrete  to  8  in.  cross  reinforced. 
In  the  comparisons  it  was  attempted  to  use  wood  structures  of  equivalent 
heaviness  of  design  to  the  concrete  structure  for  which  the  comparison  was 
being  made. 

If  comparisons  are  made  for  straight  wall  construction,  such  as  would  be 
used  in  small  head  walls,  the  ratios  in  Table  XXII  will  be  obtained. 


Table  XXII 

Number  of  cubic  yards  of  concrete  which 
are  equivalent  to  1,000  ft.  B.M.  of  wood 
in  straight  walls 
Thickness  of  For  2-in.  plank  with    For  3-in.  lumber  with 

concrete  wall  4  X  4-in.  posts  6  X6-in.  posts 

inches  spaced  4  ft.  spaced  3  ft. 

3  4.0  2.3 

4  5.3  3.1 

6  8.0  4.6 

8  10.6  6.2 

10       13.2  7.7 

Three-inch  concrete  walls  have  been  used  in  some  small  structures  with 
separately  cast  slabs.  Four-inch  walls  have  been  used  in  favorable  climates, 
particularly  for  those  parts  where  forms  were  not  required.  A  thickness  of 
6  in.  represents  the  usual  minimum  where  forms  are  used,  especially  when 
reinforcing  is  needed.  Eight  and  ten-inch  walls  are  used  in  lalrger  structures 
where  more  than  average  strength  is  required  or  where  generaly  heavy  types 
of  structures  are  adopted. 

The  structures  included  under  turnouts  include  both  lateral  headgates  and 
farm  turnouts.  The  ratios  for  these,  as  well  as  for  checks  and  drops,  are  lees 
variable  than  for  such  structures  as  culverts.  In  these  structures  the  thick- 
ness of  the  concrete  is  more  often  fixed  by  construction  conditions  than  by  any 
determinate  stresses,  and  the  design  is  as  largely  the  result  of  experience  as  of 
theory.  With  culverts  a  wide  variation  in  practice  was  found;  the  avera^ 
ratio  was  higher  than  for  any  other  type  of  structure.  This  is  due  most  largely 
to  the  use  of  realtive  heavy  barrels  in  concrete  culverts.  Such  barrels  require 
forms  and  the  use  of  thin  walls  under  favorable  conditions  is  prevented  where 
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box  culverts  are  used  by  construction  conditions.  Separate  comparison  of  the 
inlets  and  outlets  gave  ratios  for  these  similar  to  those  for  turnouts,  checks  and 
drops;  for  the  barrels  of  box  culverts  the  ratio  averaged  about  8.5.  Pipe 
culverts  in  which  the  barrel  is  made  of  various  types  of  pipe  were  not  included 
in  these  comparisons. 

The  ratios  are  smallest  in  those  tsrpes  of  structures  where  the  concrete  can 
be  designed  to  withstand  definite  stresses  of  compression  or  as  beams.  This 
occurs  in  bridge  floors  and  in  flumes.  Concrete  flumes  have  been  actually 
used  to  only  a  small  extent  as  yet,  due  mainly  to  the  difficulties  in  constructing 
the  trestle  members.  Standard  designs  have  been  prepared  for  various  sizes 
of  flumes  of  both  concrete  and  wood  by  the  U.  S.  Reclamation  Service,  and 
equivalent  sizes  of  these  were  compared  for  both  the  flume  box  and  for  bents 
10  ft.  high.  The  average  ratio  for  the  flume  box  was  about  4.5  and  for  the 
bents  4.0.  The  cost  per  cubic  yard  of  concrete  in  concrete  flumes  is  greater 
than  for  other  typeb  of  structures,  and  this  excess  cost  may  more  tha^  balance 
the  smaller  amoimt  required. 

The  standard  designs  of  slab  and  T-beam  highway  bridges  oi  the  U.  S. 
Bureau  of  Public  Roads  were  compared  with  standard  designs  of  wood  stringer 
bridges  for  the  floors  only  for  spans  of  from  8  to  20  ft.  The  average  ratio  for 
the  slab  bridges  was  6.7,  varsring  from  about  5.0  for  8-ft.  spans  to  7.5  for  16-ft. 
spans.  For  T-beam  forms  of  concrete  bridges,  the  ratio  varied  from  4.3  for  10- 
ft.  spans,  to  3.  7  for  20-ft.  spans. 

The  more  usual  comparison  between  wood  and  concrete  which  will  be  made 
in  irrigation  practice  is  for  the  more  numerous  turnouts,  checks,  drops  and  cul- 
verts. For  flumes  the  comparison  is  more  often  between  the  wooden  flume 
and  other  forms  of  construction,  such  as  siphons  or  steel  flumes.  With 
bridges  the  choice  is  often  determined  by  the  fact  that  in  many  western  States 
the  county  maintains  the  bridges  after  their  original  construction  by  the  canal 
ocHnpany.  For  the  more  typical  irrigation  structures,  a  ratio  of  about  6.5 
cu.  yd.  of  concrete  to  1,000  ft.  B.  M.  can  be  taken  as  an  average  with  varia- 
tions of  from  about  4.5  to  9.0  under  different  conditions,  methods  and  policies. 

Relative  Cost  of  Wood  and  Concrete. — The  choice  between  wood  and  concrete 
construction  dep^ids  on  the  relative  total  cost.  The  ratio  of  the  amount  of 
ccmcrete  equivalent  to  1.000  ft.  board  measure  has  been  discussed.  The 
relative  unit  cost  also  needs  to  be  Imown,  in  order  to  make  complete 
oomparisons. 

The  unit  cost  of  both  concrete  and  wood  in  irrigation  construction  varies 
very  widely.  This  applies  both  to  the  material  cost  and  the  cost  of  construc- 
ti<m.  The  price  of  cement  on  the  work  is  usually  much  higher  than  in  the 
East.  Aggr^^ate  may  be  expensive  to  secure  and  the  haul  to  scattered  struc- 
tures is  usually  a  c6nsiderable  item.  Also,  even  water  for  mixing,  particularly 
<Hi  first  construction,  may  have  to  be  hauled  considerable  distances.  Under 
such  conditions  the  cost  per  cubic  yard  oi  concrete  is  naturally  very  variable. 
Under  favorable  conditions  costs  of  $10  per  cubic  yard  may  be  secured.  This 
repr^ents  about  the  minimum  for  the  usual  smaU  scattered  structures;  for 
larger  single  structures  or  linings  the  cost  may  be  less.  Under  unfavorable 
conditions  of  material,  or  for  thin  walls  requiring  forms,  the  cost  may  be  as 
high  as  $20  or  $25  per  cubic  yard.  About  $12  to  $16  per  cubic  yard  may  be 
taken  for  such  structures,  although  where  the  costs  vary  so  wM^y  average 
costs  should  be  used  with  caution. 

The  unit  cost  of  wood  in  place  also  varies  widely.  The  material  price 
depends  on  the  nearness  to  thd  source  of  supply  and  the  wagon  haul  required. 
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The  labor  cost  of  construction  varies  with  the  type  of  structure.  For  small 
scattered  sp)ecial  structures  or  for  high  flumes,  it  may  be  as  high  as  $20  per 
1,000  ft.  B.  M. ;  for  standard  structures  of  which  large  numbers  are  used,  such 
as  individual  turnouts  where  the  framing  can  be  done  at  central  points,  the 
cost  may  be  as  low  as  $6  per  M.  B.  M.  For  usual  conditions  for  structures 
except  high  flumes,  the  labor  cost  will  generally  be  about  $10  or  $12  per  M. 
B.  M.  The  material  cost  varies  equally  widely.  In  localities  near  the  sources 
of  supply  suitable  lumber  may  be  obtained  for  as  low  as  $15  per  M.  B.  M.; 
In  others  it  may  be  as  high  as  $30.  averaging  perhaps  about  $20.  This  gives 
a  cost  in  place  of  from  as  low  as  about  $20  to  as  high  as  $50  with  an  average 
of  $30  to  $40.  These  averages,  as  in  the  case  of  avorage  costs  of  concrete, 
have  a  limited  application.  They  give  a  ratio  of  average  cost  of  1,000  ft. 
B.  M.  to  that  of  1  cu.  yd.  of  concrete  of  about  2^i  to  1.  If  the  average  ratio 
of  the  quantities  required  is  taken  as  6.5  to  1  and  cost  as  1  to  2^,  the  ratio  of 
the  total  cost  of  the  lumber  or  concrete  part  of  the  structure  will  be  2.6  to  1. 
The  cost  of  the  other  parts  of  structures  as  previously  given  is  for  concrete 
structures  about  25  per  cent  of  the  total  cost,  or  one-third  of  the  cost  of  the 
concrete,  and  for  wood  structures  40  per  cent  of  the  total  cost,  or  two-thirds 
of  the  cost  of  the  wood  in  the  structure.  On  this  basis  the  average  total  cost 
of  concrete  structures  will  be  about  100  per  cent  greater  than  that  of  similar 
wood  structures.  Where  the  price  of  lumber  is  high  and  the  conditions  for  con- 
crete are  favorable,  a  condition  more  often  found  in  parts  of  California  the 
cost  of  concrete  structures  may  not  be  more  than  50  per  cent  greater,  and  in 
some  particular  cases  no  greater,  than  equivalent  wood  structures.  In  the 
higher  altitudes  where  lumber  is  often  relatively  low  in  price  and  the  cost  of 
concrete  often  relatively  high,  the  concrete  structures  may  cost  200  per  cent 
or  more  in  excess  of  the  cost  of  wood  structures. 

Maintenance  and  Depreciaiion. — Few  definite  data  on  the  actui^  cost  of 
manitenance  of  structures  is  available.  Such  costs  would  be  difficult  to  obtain 
for  smaller  structures.  In  some  systems  operation  and  maintenance  costs 
are  not  kept  separate:  in  others  all  maintenance  is  carried  in  a  single  account. 
The  life  of  wood  structures  has  been  observed  under  different  conditions.  The 
cost  of  maintenance  is  small  for  the  first  portion  of  the  life  of  wood  structures 
and  increases  in  amount  mitil  replacement  is  warranted.  The  total  cost  of 
maintenance  during  the  life  of  such  structures  may  approach  the  first  cost  of 
the  structure.  With  concrete  structures  the  cost  of  maintenance  should  be 
small.  Such  maintenance  is  more  often  required  for  the  auxiliary  parts  of 
structures,  such  as  protection  to  the  adjacent  canal  and  repairs,  due  to  acci- 
dents rather  than  to  gradual  depreciation.  It  should  be  fairly  uniform  from 
year  to  year. 

The  total  life  of  structures  varies  with  the  type  and  the  conditions  of  use. 
Concrete  has  not  been  in  use  sufficiently  long  to  give  data  on  its  life.  There  is 
always  a  certain  probability  of  failure  through  injury,  such  as  undercutting, 
removal  due  to  enlargement  of  the  systems,  or  replacement  with  a  diffeient 
type  of  design. 

The  life  of  wood  structures  depends  on  the  character  of  their  constructlcm 
and  conditions  of  use.  Generally  structures  set  in  earth,  such  as  drops  and 
checks,  have  a  shorter  life  than  the  boxes  of  flumes  set  on  well  bmlt  trestles. 
Where  the  operation  season  is  long,  so  that  structures  are  kept  wet  practically 
throughout  the  year,  there  may  be  little  difference.  Records  of  wood  struc- 
tures under  various  conditions  indicate  that  ordinary  turnouts,  drops  and 
checks  can  be  expected  to  have  a  useful  life  of  6  to  10  years  for  pine,  8  to  12 
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years  for  fir,  and  10  to  20  years  for  redwood.  Under  favorable  conditions 
redwood  structures  have  considerably  exceeded  the  figures  given.  For  well 
built  trestle  flumes,  the  useful  life  can  be  expected  to  be  8  to  14  years  for  pine, 
10  to  16  years  for  fir,  and  12  to  20  years  for  redwood.  Wood  pipe  under 
conditions  to  which  it  is  suited  should  have  a  useful  liTe  ^Eceeding  these  figures. 

The  cost  of  replacing  structures  is  usually  greater  than  their  first  cost.  This 
is  due  to  the  fact  that  the  excavation  will  be  more  largely  hand  work  and  to  the 
cost  of  tearing  out  the  old  structure. 

The  salvage  value  of  concrete  structures  is  usually  negligible;  the  lumber 
removed  from  old  structures  may  have  some  value  for  use  in  forms,  etc.,  being 
usually  greater  for  fiumes  than  for  structures  set  in  the  ground. 

Comparison  of  Cost  of  Wood  and  Concrete  Structures  on  Investment  Basis. — 
On  the  basis  of  the  average  figures  previously  developed,  comparisons  of  the 
cost  of  wood  and  concrete  structures  can  be  made.  This  has  been  Umited  to 
drops,  checks,  turnouts  and  culverts,  as  these  are  the  structures  occurring  in 
greatest  number  on  irrigation  systems  and  whose  design  and  construction 
can  be  most  closely  organized.  A  comparison  of  such  structures  as  high 
flumes  will  involve  so  many  local  and  special  considerations  that  a  general 
comparison  would  be  of  little  value. 

The  capitalized  cost  can  be  taken  as  the  basis  of  comparison.  Table 
XXIII  has  been  worked  out  to  show  the  ratio  of  first  cost  at  which  the  capi- 
talized cost  will  be  equal  for  different  conditions. 

Interest  rates  of  6  and  8  per  cent  were  used.  Irrigation  district  bonds  gen- 
emXLy  bear  6  per  cent;  the  terms  of  sale,  however,  more  often  make  the  rate  on 
the  price  received  8  per  cent  or  higher.  Western  mortgage  rates  vary  from  6 
to  8  or  even  10  per  cent;  this  represents  the  value  of  money  to  stockholders 
in  mutual  companies  or  on  systems  where  improvements  are  paid  for  by  stock 
assessments. 

Different  lengths  of  life  for  the  structures  were  assumed.  The  annual 
maintenance  cost  is  estimated  as  a  percentage  of  the  first  cost,  a  higher  rate 
being  used  where  the  life  of  the  wood  structure  was  relatively  short.  Main- 
tenance on  the  concrete  was  taken  as  zero.  Salvage  value  was  neglected ;  its 
amount  would  probably  be  less  than  the  error  involved  in  some  of  the  other 
assumptions. 


Table    XXIII.  —  Ratio  of  Total  First  Cost  of  Concrete  and  Wood 
Structures  at  Which  the  Capitalized  Cost  of  Service  Becomes  Equal. 


Interest 

rate 
per  cent 

6 
6 
6 
6 
6 
8 
8 
8 
8 
8 


Ratio  of  total 

first  cost  of 

« 

concrete  struc- 

Assumed an- 

tures to  total 

Assumed 

Assumed 

nual  cost    . 

first  cost  of 

life  of 

life  of 

maintenance 

wood  struc- 

concrete 

wood  struc- 

in per 
first 

cent  of 

tures  at  which 

structures 

tures  in 

,  cost 

capitalized  cost 

in  years 

years 

Cone. 

Wood 

becomes  equal 

30 

10 

0 

5 

2.6    to  1 

45 

15 

0 

4 

2.  2    to  1 

20 

10 

0 

5 

2. 1    to  1 

40 

20 

0 

3 

1.8    to  1 

15 

15 

0 

4 

1.4    to  1 

30 

10 

0 

5 

2.  25  to  1 

45 

15 

0 

4 

1.9    tol 

20 

10 

0 

5 

1.95  to  1 

40 

20 

0 

3 

1.6    tol 

16 

15 

0 

4 

1.3    tol 
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Table  XXIII  shows  the  ratios  of  first  cost  at  which  the  capitalized  cost  d 
service  becomes  equal  for  these  assumed  conditions.  For  useful  lives  of 
30  and  10  years  for  concrete  and  wood  and  interest  at  6  pet  cent  and  annual 
maintenance  on  the  wood  structure  of  5  per  cent,  a  concrete  structure  costing 
2.6  times  as  much  as  the  wooden  one  would  be  equal  in  capitalized  cost.  The 
ratios  are  higher  for  the  lower  rates  of  interest. 

Ratio  of  Cost  of  Structures  to  Total  Cost  of  Canal  System. — ^In  comparing  the 
relative  economy  of  different  types  of  structures,  the  proportion  of  the  total 
cost  of  the  canal  systems  which  consists  of  structures  must  be  known,  In  order 
that  the  proportion  in  which  the  total  construction  cost  will  be  Increased  by 
different  types  of  structures  may  be  estimated.  In  some  of  the  Annual 
Reports  of  the  U.  S.  Reclamation  Service,  the  total  cost  of  structures  and 
excavation  is  stated  separately  for  some  of  the  projects.  '  From  these  and 
other  records  Table  XXIV  was  derived. 

Table  XXIV. — Usual  Cost  of  Stbucturbs  on  Canal  Stbtbms  Expbkssbd 

AS  Pbr  Cent  of  the  Total  Cost 

Regular  topography:  Main  canals         Laterals         Whole  project 

Concrete  structures 10-20  25-40  20-35 

Wood  structures 8-15  15-35  10-25 

Irregular  or  steep  topography: 

Concrete  structures 20-35  40-50  35-45 

Wood  structures 15-25  25-40  20-86 

The  use  of  concrete  structures  costing  twice  as  much  as  wood  will  increase 
the  total  cost  of  the  canal  system  by  from  15  to  30  per  cent  under  usual  condi- 
tions. This  applies  to  the  canal  system  structures  only  and  not  to  diversion 
dams  or  to  such  conditions  as  side  hill  locations  requiring  bench  flumes  or 
lined  canals. 

Conclusions. — The  preceding  discussion  of  the  factors  involved  in  a  choice 
between  concrete  and  wood  for  irrigation  structures,  both  for  the  factors  for 
numerical  limits  have  been  given  and  also  for  those  not  capable  of  numerical 
expression  but  which  are  of  equal  or  greater  importance,  makes  it  evident 
that  no  general  conclusions  can  be  drawn  as  to  the  most  economical  type  of 
construction.     For  any  particular  project  where  the  construction  costs  can 
be  estimated  and  the  other  factors,  such  as  financial  conditions  of  the  con- 
structing organization,  rate  of  Interest,  certainty  as  to  type  of  structure 
desired  and  i>ermanence  of  its  location  can  be  given  proper  weight,  a  decision 
can  be  made.     Under  usual  conditions  concrete  will  be  the  preferable  material 
if  the  capitalized  cost  of  service  alone  is  considered.     The  other  factors  are, 
however,  more  usually  such  as  to  incline  the  choice  toward  wood  for  first  con- 
struction, except  for  the  larger  and  more  important  structures.     That  the 
capitalized  cost  is  being  given  more  consideration  and  that  many  systems  are 
reaching  a  condition  where  replacements  and  betterments  can  be  made  on  a 
more  permanent  basis  is  evidenced  by  the  increasing  use  of  concrete  in  irriga- 
tion structures. 

Life  of  Irrigation  Structures. — The  following  notes  are  taken  from  Harding's 
"  Operation  and  Maintenance  of  Irrigation  Systems." 

Life  of  Wood  Flumes. — The  life  of  wood  flumes  depends  on  the  kind  of 
material  used,  conditions  of  use  and  character  of  construction.  As  these 
conditions  vary  on  different  systems,  the  life  of  wood  flumes  as  reported  by 
different  users  varies  widely.  A  rigidly  built  flume  having  little  leakage  will 
outlast  one  less  strongly  built.    Poor  footings  which  settle  and  cause  leakage 
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will  shorten  the  life  of  a  flume.  The  thickness  of  the  flume  lining  also  affects 
length  of  service.  Various  protective  coatings  or  even  relining  the  flume 
box  are  used  to  increase  the  life. 

The  period  of  serviceable  life  which  can  be  expected  from  flumes  for  usual 
conditions  will  not  exceed  20  years  for  redwood  or  cedar,  12  to  15  years  for 
fir,  and  8  to  10  years  for  pine.  These  figiues  apply  to  the  portions  of  the  flume 
not  in  contact  with  the  ground  and  are  as  long  a  Ufe  as  can  be  expected  under 
general  favorable  conditions.  Some  flumes  have  been  used  for  periods  Ifmger 
than  those  given,  but  the  annual  cost  of  repairs  in  the  later  years  of  use  or  the 
uncertainty  of  service  will  generally  make  such  use  undesirable.  The  life 
of  small  flumes  is  generally  le^  than  that  of  large  ones  due  to  the  less  contin- 
uous use  of  many  flmnes  on  sublaterals.  Flumes  used  intermittently  on 
farms  will  have  a  shorter  life  than  on  laterals  operated  continuously.  Bench 
flumes  or  flumes  set  in  contact  with  or  near  the  ground  usually  have  a  shorter 
life  than  well-built  higher  flumes.  For  unfavorable  conditions  the  Ufe  of 
flumes  may  not  be  over  one-half  that  given.  Some  redwood  flumes  have  been 
in  use  for  25  years  in  Calif omia,  the  relativ^y  long  operation  season  and  rains 
during  the  remainder  of  the  year  keeping  them  continuously  moist.  Others 
have  been  replaced  after  fifteen  years,  the  chief  diflBculty  being  with  the  rotting 
of  the  butt  joints  at  the  end  of  the  Uning  plank  and  of  the  yokes  behind 
them.  Well-constructed  fir  flumes  on  the  Hedge  canal  in  Montana  having 
3-inch  T  &  G  siding  were  replaced  in  12  to  14  years.  Small  pine  flumes  have 
not  lasted  over  4  or  5  years  in  some  cases. 

Life  of  Wood-stave  Pipe. — The  life  of  wood-stave  pipe  varies  more  widely 
than  that  of  wood  fliunes  as  it  is  more  dependent  upon  the  conditions  of  ser- 
vice.    Under  favorable  conditions,  the  life  <^  wood  pipe  should  exceed  that  of 


Table  XXV. — Life  op  Wood-stavb  Pipe 


Kind  of  wood  Condition  of  use 

Fir Uncoated;  buried  in  tight  soil 

Fir Uncoated,  buried  in  loose  soil 

Fir Uncoated  in  air 

Redwood Uncoated,  buried  in  tight  soil,  loam  or 

sand  and  gravel .^ 

Fir Well-coated,  buried  in  tight  soil 

Fir Well-coated,  buried  in  loose  soil 


Average  life  in 
years 

20 

4  to  7 

12  to  20 

over  25 

25 
15  to  20 


flumes;  under  imfavorable  conditions,  it  may  be  quite  short.  Wood  used 
in  pipes  comes  into  more  direct  comparison  with  other  materials  than  does 
wood  used  in  flumes  and  the  results  with  its  use  have  been  moro  closely  ob- 
served. Table  XXV  prepared  by  Mr.  D.  C.  Henny  and  printed  hi  the  Recla- 
mation Record  of  August,  1915,  simimarizes  the  data  collected  from  a  large 
number  of  installations. 

The  following  general  conclusions  were  also  given: 

••(a)  Under  favorable  conditions  of  complete  saturation,  fir  well-coated 
may  have  the  same  life  as  redwood  uncoated. 

"(6)  Either  kind  of  pipe  will  have  a  longer  Mfe  if  well-buried  in  tight  soil 
thai!  if  exposed  to  the  atmosphere.  Such  life  may  be  very  long,  30  years  or 
over,  if  a  high  steady  pressure  is  maintained. 

"  (c)  Either  kind  of  pipe  will  have  a  longer  life  if  exposed  to  the  atmosphere 
than  if  buried  in  open  soil,  such  as  sand  and  gravel  and  volcanic  ash,  provided 
in  a  hot  and  dry  climate  it  be  shaded  from  the  sun. 
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"(d)  Under  questionable  conditions,  such  as  light  pressure  or  partially 
filled  pipe,  fir  even  if  well-coated  may  have  only  one-third  to  one-half  the  life 
of  redwood. 

"  (e)  Under  light  pressure  the  use  of  bastard  staves  should  be  avoided. 

"  (/)  The  use  of  wooden  sleeves  in  connection  with  wire-wound  pipe  is 
objectionable  and  has  caused  endless  trouble  and  expense. 

"  iff)  If  wooden  sleeves  are  employed  they  should  be  provided,  at  least  for 
sizes  from  10  inches  up,  with  individual  bands  to  permit  talcing  up  leaks." 

These  results  indicate  the  importance  of  the  character  of  the  backfill.  If 
porous  soils  into  which  air  penetrates  easily  are  used,  the  benefits  of  covering 
are  lost,  with  the  added  disadvantage  that  inspection  cannot  be  readily  made. 
A  covering  of  heavy  soil,  3  to  4  feet  in  depth,  which  maintains  more  constant 
moisture  conditions  and  excludes  air,  gives  the  best  results.  The  pipe  should 
be  kept  full  of  water  if  a  long  life  is  to  be  secured.  The  upper  i>ortions  of 
siphons,  which  may  be  only  partly  filled,  have  been  found  to  have  a  shorter 
life  than  the  parts  under  greater  pressure.  The  water,  when  under  pressure, 
maintains  a  more  uniform  condition  in  the  staves,  a  condition  also  more 
easily  secured  if  the  thickness  of  the  staves  is  no  greater  than  required  for 
strength.  Cuts  from  the  butts  of  trees,  being  denser,  are  considered  to  have 
longer  life  than  top  cuts.  The  life  of  the  pipe  is  usually  determined  by  the 
life  of  the  staves.  Certain  chemical  conditions  in  the  soil,  such  as  the  presence 
of  some  alkalis  or  of  acids  from  decaying  vegetation  may  result  in  a  shorter 
life  for  the  bands  than  for  the  staves.  For  such  locations  it  is  preferable  to 
place  the  pipe  above  ground  and  free  from  such  action. 

Wood  pipe  is  often  coated,  particularly  the  smaller  machine-banded  pipe. 
The  coating  on  these  is  applied  by  running  the  pipe  through  a  bath  of  warm 
asphaltum  pitch.  The  pipe  is  then  rolled  in  sawdust  to  preserve  the  outside 
coating  and  make  handling  easier.  On  large  pipes  an  apphcation  of  gas  tar 
followed  by  one  or  more  coats  of  refined  coal  tar,  is  often  used.  A  mixture  of 
asphaltum  and  tar  has  also  been  used.  These  are  applied  to  the  finished  pipe 
before  it  is  put  under  pressure.  It  is  difficult  to  secure  adherence  to  wet  wood, 
particularly  with  oil  paints.  In  general  it  appears  that  the  use  of  a  coating  is 
pr^erable  for  buried  pipe  in  dry  porous  soil  and  possibly  on  all  buried  pipes, 
although  the  added  benefit  may  be  small  for  pipe  buried  in  heavy  moist  soils 
free  from  vegetable  matter.  Above  ground  the  value  of  the  coating  is  more 
uncertain.  For  the  protection  of  the  bands  on  exposed  pipes  paints  similar  to 
those  used  on  structiu^  steel  may  be  used. 

Life  of  Wood  Structures. — The  conditions  of  use  for  the  usual  wood  structures 
are  not  as  favorable  as  for  wood  flumes  or  pipes.  Parts  of  the  structure  may 
be  continuously  wet,  parts  alternately  wet  and  dry  and  parts  continuously  dry. 
The  cutoff  walls  and  other  substructure  may  outlast  one  or  more  renewals  of 
the  superstructure.  Heavy  well-built  structures  will  have  longer  life  than  light 
ones  due  to  the  longer  time  required  to  cause  the  complete  decay  of  the  thicker 
material  as  well  as  to  the  greater  resistanoe  to  injury  offered  by  the  stronger 
structures. 

Under  favorable  conditions  irrigation  structures  buUt  of  redwood  or  cedar 
may  have  a  useful  life  of  as  high  as  20  years;  for  aveage  conditions  the  average 
life  is  about  12  years  and  in  some  cases  as  low  as  8  years.  It  is  longest  is  the 
larger  and  heavier  structures  such  as  have  been  used  on  some  of  the  earlier 
systems  in  California.  Some  of  these  have  actually  been  in  use  for  over  25 
years.  It  is  shortest  in  regions  of  high  temperature  where  the  wood  is  both 
damp  and  heated  at  depths  of  from  1  to  2H  feet  b^ow  the  surface.    At  lower 
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depths  the  heat  Is  not  sufficient  to  make  decay  as  rapid;  nearer  the  surface  the 
structure  is  dryer.  Small  redwood  structures  have  required  replacement 
after  5  years  in  such  locations.  Structures  built  of  fir  have  a  life  varying 
from  a  usual  maximum  of  15  years  to  a  usual  minimum  of  6  years  with  an 
expected  life  under  usual  conditions  of  8  to  10  years.  Where  pine  is  used, 
structures  will  not  generally  last  over  10  years  and  may  not  last  over  5  years; 
under  usual  ccmdltions  a  life  of  6  to  8  years  is  to  be  expected.  Structures  will 
usually  have  a  longer  life  in  heavy  soils  than  In  those  in  which  the  air  has 
greater  access  such  as  sands  or  gravels. 

Life  of  Concrete  Stvucturee. — Considered  as  a  material,  concrete  is  practically 
permanent.  There  has  been  some  injury  from  the  action  of  certain  forms  of 
alkali  but  the  injuries  to  concrete  structures  are  much  more  generally  those 
due  to  undercutting  or  other  accidents  in  use  rather  than  to  any  disintegra- 
tion of  failure  of  the  material  similar  to  the  failure  of  wood  structures  due  to 
decay.  Concrete  has  not  been  in  use  in  irrigation  sufficiently  long  to  secure 
data  on  its  rate  of  depreciation.  Depreciation  estimates  which  have  been 
used  in  valuations  have  been  based  on  estimated  obsolescence  or  mechanical 
injury  rather  than  on  actual  deterioration  of  the  structure.  In  a  few  instances 
resurfacing  has  been  required;  such  cases  have  generally  been  due  to  lack  of 
care  in  the 'original  construction  rather  than  to  actual  abrasion.  Structures, 
such  as  linings  or  retaining  walls^  may  fall  due  to  excess  pressure  behind  them; 
such  failures  are  not  due  to  the  material  of  the  structure  itself  but  to  faults  in 
drainage  or  design.  Winter  operation  may  cause  injury  in  the  opening  of 
frozen  gates  or  in  the  breaking  of  side  walls. 

The  examples  of  injury  from  the  action  of  alkali  while  scattered  have  in 
some  cases  been  important.  There  is  still  need  for  further  knowledge  as  to 
the  details  of  such  action  and  the  methods  of  its  prevention.  Injury  is 
caused  by  the  seepage  into  the  concrete  of  alkali  water,  the  sulphates,  particu- 
larly magnesium  and  sodimn  sulphate,  being  the  most  harmful.  With  some 
salts  no  harmful  action  may  occur.  The  best  remedy  is  prevention  which  can 
be  secured  most  practically  by  using  a  dense  well-mixed  and  faced  concrete 
which  reduces  the  absorption  of  the  alkali  water  to  a  minimum.  The  conclu- 
sions of  the  U.  S.  Bureau, of  Standards  based  on  the  observations  of  the  first 
year's  tests  with  concrete  drain  tile  exposed  to  alkali  in  a  number  of  localities 
are  that  tile  not  leaner  than  a  1  to  3  mixtine  are  apparently  imaffected  structur* 
ally  when  exposed  for  1  year  in  operating  drains  in  very  concentrated  alkali 
soils.  Leaner  mixtures  are>not  generally  recommended  idthough  in  some  cases 
tile  of  1  to  4  mixture  were  not  affected  at  the  end  of  1  year. 

To  overcome  or  reduce  the  effect  of  low  temperatures  on  concrete,  the 
surfaces  have  been  treated  with  waterproofing  solutions  on  the  Strawberry 
yiXissj  project.  This  was  applied  to  structures  on  which  surface  disintegration 
had  already  begun.  Vertical  surfaces  were  treated  with  alum  and  soap  solution 
and  horizontal  surfaces  with  paraffine.  The  surfaces  were  thoroughly  dried 
and  cleaned  before  treatment.  The  alum  solution  consisted  of  2  ounces  of 
aliun  to  1  gallon  of  hot  water.  The  soap  solution  consisted  of  ^  pound  of 
eastile  soi^>  dissolved  in  1  gallon  of  hot  water.  The  alum  solution  was  applied 
at  a  temperature  of  lOO^F.  and  worked  in  with  brushes,  the  soap  solution 
being  similarly  applied  while  the  surface  was  still  moist.  In  some  cases 
additional  coats  were  given.  One  gallon  of  alum  solution  and  H  gallon  of 
soap  solution  were  sufficient  to  give  two  coats  to  50  square  feet.  The  cost  of 
treating  24,000  square  feet  varied  from  $0.41  to  $1.28  per  100  square  feet  and 
averaged  $0.76.    AXxaa  costs  18  cents  and  soap  12H  o&aXs  per  pound. 
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For  horizontal  surfaces,  the  parafflne  was  boiled  to  drive  off  water,  heated 
and  applied  with  a  paint  brush.  A  blow  torch  was  used  to  force  the  paraffine 
into  the  pores  by  its  heat.  The  concrete  would  absorb  only  one  coat  of  such 
treatmeht.  On  4,000  square  feet  treated,  1  pound  of  paraffine  was  used  for 
11^  square  feet  of  surface.  The  cost  varied  from  SI. 70  to  $3.78  per  100 
square  feet,  averaging  S2.ll.  Paraffine  cost  $4.80  per  100  pounds.  The 
surfaces  treated  have  shown  no  further  disintegration  after  going  through  four 
winters. 

Concrete  pipe  has  been  used  very  extensively  on  a  number  of  systems 
during  the  past  10  years.  With  the  present  knowledge  of  its  construction 
and  use  there  should  be  little  difficulty  in  securing  well-made  pipe.  Such  pipe 
should  have  a  relatively  long  or  indefinite  life.  In  1907  the  Irrigation  Co.  of 
Pomona  relaid  a  line  of  8-inch  concrete  pipe  of  1  to  4  mixture  which  had  been 
laid  In  1888.  Only  7  per  cent,  of  the  joints  were  found  to  be  perfectly  sound, 
the  remainder  had  disintegrated.  General  maintenance  of  such  pipe  lines 
consists  of  draining  in  winter  and  the  sluicing  of  deposits  which  may  form. 
It  is  usual  for  such  pipe  lines  to  oi>erate  at  higher  velocities  than  the  canals 
so  that  deposits  of  silt  or  sand  are  not  to  be  expected.  Such  deposits  may 
occur,  however,  at  the  lower  rates  of  discharge  which  may  be  used  at  the 
beginning  and  end  of  the  season.  Cracks  at  the  joints  due  to  the  expansion 
and  contraction  of  the  pipes  have  caused  trouble  in  some  cases  where  the 
range  of  temperature  is  large  or  the  covering  of  the  pipes  porous  or  thin.  A 
length  of  life  of  30  to  40  years  has  been  used  in  valuations  of  concrete  pipe 
lines.  These  figures  are  largely  arbitrary,  however,  as  direct  experience  has 
not  extended  over  the  full  life  of  larger  concrete  pipe.  In  common  with  other 
forms  of  permanent  materials,  replacements  may  be  more  often  needed  due  to 
changes  in  the  requirements  of  use  such  as  changes  in  location  or  capacity 
needed,  rather  than  due  to  actual  deterioration  of  the  material  itself. 

Life  of  Steel. — Steel  is  used  in  irrigation  practice  in  flumes,  in  pipes  and  in 
gates.  The  development  of  steel  flmnes  has  occurred  within  the  past  16  years. 
A  steel  flume  with  wood  supports  is  a  combination  type  of  structure.  The 
trestles  and  stringers  are  similar  to  those  used  with  wood  flumes  and  should 
have  a  useful  life  similar  to  that  of  the  same  kind  of  material  when  used  with 
wood  flumes.  Such  trestles  with  steel  flumes  may  have  a  longer  life  than 
with  wood  flumes,  if  the  leakage  with  the  steel  flume  is  less.  The  useful  life 
of  steel  flumes  has  not  been  deterinined,  as  their  adoption  is  guite  recent. 
Many  have  been  built  on  the  systems  of  the  U.  S.  Reclamation  Service.  From 
observations  on  the  Boise  project  it  was  reported  at  the  Conference  of  Opera- 
ting Engineers  in  1914,  that  "  Of  the  flumes  built  in  1909  practically  all  were 
more  or  less  corroded.  Of  about  13  flumes  built  in  1910,  the  majority  were 
in  good  condition  but  one  was  considerably  corroded.  Of  about  21  flumes  built 
in  1911,  two  were  considerably  corroded.  Of  about  14  flumes  built  in  1912, 
two  were  seriously  corroded."  It  was  stated  that  there  was  no  decided 
diflference  between  diflferent  makes  of  flumes.  The  greatest  amount  of  corro- 
sion and  rust  api)eared  to  be  along  the  joints,  on  the  downstream  side.  It 
was  recommended  that  the  bands,  channels  or  other  parts  forming  the  joints 
should  be  galvanized  as  well  as  the  sheet  metal  of  the  flume.  In  case  de- 
terioration appears,  painting  was  recommended.  In  an  article  in  the  Recla- 
mation Record  for  November,  1916,  Mr.  F.  D.  Pyle  states  that  of  several 
kinds  of  paint  tried  on  the  Uncompahgre  project  only  coal  tar  and  coal-tar 
compound  paints  had '  stood  one  season's  use  and  gave  indications  of  per- 
manence.   It  was  also  stated  that  the  indications  on  that  system  were  that 
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unprotected  galyanized-steel  flumes  will  have  a  life  of  10  or  or  12  years  ex- 
cept under  the  most  trsring  conditions,  t.e.,  high  velocity  of  water  carrying 
sand  and  fine  gravel,  where  the  life  in  one  particular  instance  was  only  four 
season's  use. 

The  use  of  steel  and  iron  pipe  in  irrigation  has  generally  been  limited  to 
those  conditions  of  pressure  for  which  other  types  of  pipes  were  not  suited. 
Their  use  in  irrigation  has  not  been  sufficient  in  l^igth  of  time  or  in  amount  to 
indicate  their  probable  useful  life  for  such  purposes.  Data,  however,  su« 
available  from  use  in  mining  and  power  service.  Thin  steel  pipes,  such  ia 
H  Inch  in  thickness,  are  used  in  the  smaller  sizes  for  the  lighter  pressures  in 
some  distribution  systems,  particularly  with  pumping  plants.  These  should 
have  a  useful  life  of  15  to  25  years.  Heavier  pipe,  K  ii^ch  thick,  should  last 
25  to  50  years.  For  pipe  of  the  larger  sizes,  whidi  can  be  recoated  during  the 
portion  of  the  year  when  they  are  not  in  use,  even  longer  life  may  be  secured. 

Due  to  the  thinness  of  the  pipe,  protective  coatings  are  relatively  more 
important  on  steel  pipes  than  on  those  of  other  material.  The  more  generally 
used  coatings  consist  of  some  of  the  forms  of  tar  or  Asphalt  mixtures  applied 
hot,  the  smaller  pipe  being  dipped  and  the  larger  ones  treated  in  the  field. 
The  San  Fernando  siphon  of  the  Los  Angeles  aqueduct  was  painted  inside  and 
outside  with  one  coat  of  water-gas  tar  and  two  coats  of  coal  tar.  One  gallon 
of  tar  covered  about  200  square  feet  of  pipe.  The  Spring  Valley  Water  Co. 
has  used  a  mixture  of  coal  tar  and  natural  crude  asphaltum,  using  1,400  pounds 
of  asphaltum  to  50  gallons  of  coal  tar.  Some  of  this  coating  has  been  in  use 
nearly  50  years.  The  Pacific  Gas  &  Electric  Co.  uses  one  coat  of  Dixon's 
Graphite  Paint,  inside  and  outside  on  unburied  pipe,  repainting  every  2  or  3 
years.  In  some  cases  steel  pipe  may  be  encased  in  concrete.  Where  steel 
pipes  are  laid  in  alkali  soils  special  protection  may  be  needed.  Pipe  Hs  inch 
thick  has  in  some  cases  been  corroded  entirely  through  in  3  years  where  laid 
in  alkali  soil  in  the  California  oil  fields.  On  the  Uncompahgre  project  in 
Colorado  a  26-4nch  siphon  was  built  in  1910  in  alkali  ground  for  which  ingot 
iron  i»pe  was  used.  This  was  in  good  condition  after  4  years  use  although 
scHue  rusting  had  occurred. 

Cost  of  Reinforced  Concrete  Drops,  Canadian  Pacific  Ry.,  Irrigation  Pro- 
jects.— Robert  S.  Stockton  gives  the  following  data  in  Engineering  and  Con- 
tracting, April  14.  1916. 

On  the  Western  Section  of  the  Irrigation  Block  being  developed  by  the 
Department  of  Natural  Resources  of  the  Canadian  Pacific  Railway  Co.,  some 
of  the  timber  structures  were  built  as  early  as  1905  and  have  had  eight  years 
in  the  ground.  Most  of  these  structures,  especially  the  highway  bridges  and 
division  gates,  are  good  for  a  number  of  years  yet,  but  some  of  the  drops,  of 
whi<^  there  are  a  large  number,  are  beginning  to  develop  signs  of  weakness, 
and  as  they  must  be  r^laced  without  stopping  the  flow  of  water  during  the 
irrigation  season,  May  1  to  Oct.  1,  the  reconstruction  must  take  place  before 
or  after  the  water  season,  or  during  that  time  by  diverting  the  water  around 
the  structure  by  temporary  works. 

The  policy  of  the  company  has  been  to  replace  the  large  timber  structures 
as  they  approached  the  end  of  their  life  with  permanent  concrete  structures 
of  approved  design.  The  program  of  betterments  for  1913  included  the  re- 
placement of  the  large  timber  holdup  drop  known  as  drop  No.  2 A  in  the  Secon- 
dary "A"  Canal,  Langdon  District,  S.  E.  \i  section  19-23-27.  The  new 
10-ft.  drop  was  designed  to  be  built  of  reinforced  concrete  with  a  central  pier 
and  two  openings  that  can  be  closed  with  stop  plank  5  ft.  9  ins.  long.    The 
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holdup  feature  of  this  drop  is  required  to  insure  the  delivery  of  water  to  "B" 
Distributary  in  Langdon  district,  which  takes  out  3  ft.  aX>ove  canal  grade. 
The  drop  is  designed  to  discharge  1,000  sec.  ft.  of  water  over  the  crest  when 
the  canal  carries  8  ft.  depth  of  water.  Previous  experience  indicated  the 
economy  of  diverting  the  water  and  building  the  drop  during  favorable 
weather.  The  construction  crew  was  moved  to  the  site  July  17  to  19  and 
began  the  work  of  excavating  the  by-pass  and  building  a  diverting  dam  in  the 
canal.  The  by-pass  was  completed  July  29  and  the  work  of  tearing  out  the 
old  timber  drop  commenced.  The  old  structure  was  heavily  built,  having 
2,200  lin.  ft.  of  piling  and  54,243  ft.  B.  M.  of  lumber  Incorporated  in  it. 
Certain  timbers  in  the  old  drop  proved  to  be  pretty  well  decayed,  particularly 
'  above  the  water  line.  The  piling  behind  the  breast  wall  was  rotted  and  con- 
stituted the  Weakest  spot  in  the  structure. 

The  excavation  disclosed  4  ft.  of  soil  underlaid  by  a  compact  boulder  clay 
which  proved  to  be  quite  impervious,  and  after  the  footings  and  lower  concrete 
floor  was  in  place,  there  was  no  pumping  required. 

The  nearest  gravel  pit  was  about  15  miles  distant  and  42  cu.  yds,  of  un- 
screened material  was  hauled  and  used.  The  pit  contains  good  sand  but  poor 
gravel,  and  when  the  cost  of  screening  was  added  and  quality  considered,  it 
was  thought  best  to  ship  the  larger  part  of  the  sand  and  gravel  to  Bennett 
Siding,  about  two  miles  from  the  work.  The  gravel  received  from  the  Cal- 
gary Sand  &  Gravel  Co.,  however,  had  some  oversize  that  was  picked  out  by 
hand.  The  steel  shipped  to  Bennett  Siding  was  mixed  up  with  steel  for 
Strathmore,  which  necessitated  a  team  haul  to  straighten  out. 

A  carload  of  lumber  was  delivered  at  Bennett  Siding  for  building  the  forms, 
chute,  and  cement  shed,  and  1,421  F.B.M.  was  hauled  from  Dalroy  Water- 
master's  Headquarters.  The  carpenters  started  building  forms  on  August  6 
and  the  cut-off  walls  were  poured  on  Aug.  27.  The  last  concrete  was  put  in  <m 
Sept.  20. 

The  general  mixture  was  intended  to  be  1  sack  of  cement  to  2^^  cu.  ft.  of 
sand  and  5  cu.  ft.  of  gravel.  For  thin  walls  and  copings  a  mixture  ot  1-2^-4 
was  used,  and  for  the  lip  of  the  drop  2-2^^-5.  Since  948  sacks  of  cement  were 
used,  the  average  was  4.74  sacks  per  cubic  yard  of  concrete.  The  concrete 
was  mixed  wet  enough  to  spade  and  was  spaded  so  as  to  require  little  patching 
when  the  forms  were  removed.  The  concrete  appears  to  be  of  excellent 
quality.  The  concrete  was  mixed  with  a  No.  1  Smith  Mixer  with  steam  engine, 
boiler  and  side  loader  mounted  on  steel  trucks. 

All  labor  was  paid  at  prevailing  rates,  stated  at  so  much  per  day  of  10  houTB. 
Every  rate  is  stated  in  full  and  so  carried  in  the  time  books  with  board  deduc- 
tion of  $5.50  per  week.  The  cost  of  team  feed  is  taken  at  90  cts.  per  day 
per  team  and  pro-rated  to  all  work  on  which  team  time  is  charged. 

The  wages  of  foreman,  bam  boss,  and  for  Sunday  time  of  teamsters 
pro-rated  to  all  labor  items.  Two  rates  of  wages  were  paid,  as  it  has 
necessary  to  make  a  raise  at  harvest  time  to  hold  the  men;  even  at  the  in- 
creased rate,  considerable  trouble  was  experienced,  as  farmers  were  th^i 
paying  about  $2.50  per  day  and  board.  The  wages  paid  were  as  follcyws: 
Laborers  at  $2.50  to  $2.75  per  day  of  10  hours;  teamsters  at  $2.10  to  $2.35  per 
day  of  10  hours,  and  including  Sundays;  carpenters  at  $3.50,  $4  and  $5  per  <lay, 
and  foreman  at  $120  per  month. 

The  detailed  cost  records  follow: 
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Labob  Cost — ^Dbop  No.  2A — ^Langdoh  Dxstbict 


Labor 

Feature  cost 

Moving  camp  (16  miles) %       68. 00 

Setting  up  camp  (for  24  men) ....  19.  55 

Camp  expenses 7. 00 

Hauling  supplies 159.  30 

Excav.  of  by-pass  (Clayloom) 210. 00 

Excav.  erf  old  drop 1 ,250. 00 

Removal  of  old  drop 126.  80 

Bujlding  cement  shed 8. 96 

Building  chute  in  by-pass 34.  00 

Hauling  lumber  (2  miles) 46.  60 

Steel  (2  miles) 4.10 

Cement  (2  miles) 40. 00 

Gravel  (2  miles ) 1 62 .  90 

Sand  (2  miles) 72.00 

Sand  and  gravel  (15  mi.) 88.  60 

Mixer  and  pump  (21  mi) 29.  30 

Pumping  water 13. 10 

Building  forms 591. 00 

Bending  and  placing  steel  and  wire 

fabric 110.65 

Mix.  and  placing  concrete 336. 10 

Removal  of  forms 51 .  25 

Backfilling  by-pass 143.40 

BackfilHng  drop 375. 70 

Removal  of  chute 6. 88 

Repairs  to  bank 106. 88 

Riprap  to  bank 30. 10 

Cleamng  up,  etc 13.  72 

Total  labor  cost $4 ,  105.  89 


Unit 
cost 


Quantity  and  unit 


S  0. 139 

1,507 

cu.  yds. 

0.636 

1.967 

cu.  yds. 

2.338 

54. 

243  M.  ft.  B. 

M. 

8.070 

1. 

112M.ft.B. 

M. 

33.660 

1. 

010  M.  ft.  B. 

M. 

1.987 

23. 

438  M.  ft.  B. 

M. 

0.031 

129. 

96  cwt. 

0.042 

948. 

00. 

cwt. 

0.975 

167 

cu.  yds. 

1.060 

68 

cu.  yds. 

2.685 

33 

cu.  yds. 

"o.ioo 

5,929 

sq.  ft. 

0.851 

129. 

96 

cwt. 

1.680 

200.00 

cu.  yds. 
sq.  ft. 

0.009 

5.929 

0.090 

1,600 

cu.  yds. 

0.237 

1,588 

cu.  yds. 
M.  ft.  B. 

6.812 

1,010 

M. 

0.822 

130 

cu.  yds. 

1.027 

29. 

3 

cu.  yds. 

Includes  team  feed. 


Matbbial  Cost — Dbop  2A— Lanqdon  Distbict 


Feature  Quantity 

Reinforcing  steel. .  11,921  lbs. 

Wire  fabric 1 ,075  s.  f. 

Oment 237  bbls. 

Gravel 167  yds. 

Sand 68  yds. 

Lumber 23,438 ft.  B.  M. 

Rope  repairs,  etc . . 


Cost 
229. 72 

22.84 
482.86 
183.70 

74.80 
323.94 

44.35 


Freight     Total  cost 


60.55 

6.73 
45.75 
61.30 
25.10 
54.80 


290.27 

29.57 
528.61 
245.00 

99.90 
290.13* 

44.35 


Total  material  cost $1 .362.  21  $254.  23  $1 ,527. 83 

Total  labor  cost,  including  team  feed $4 

Total  material  cost ,  . . .      1 

Depreciation    on    concrete    mixer,    pump,     wagons, 

luuness,  horses,  etc $302. 44 

Depreciation  on  camp  equipment 42. 45 

Overhead   expense   of  superintendence,   engineering,   office   work, 
accounting,  etc 


Unit 
cost 
$  0.024 

0.027 
2.230 
1.467 
1.469 
12.380 


,  105.  89 
,527.83 


344.89 
938.00 


'Leas  $88.61  salvage  value. 


$6,916.61 
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SuMMABT    OP    Fbatubb    Costs — Dbop    No.    2A — ^Langdon    District,   1913 


Cost 

Camp  and  supplies $    311. 92 

Excavation  and  backfilling 2,085.  08 

Preparatory  work 219.  04 

Hauling  materials 414.  20 

Building  forms 591 .  00 

Bending  and  placing  steel 110.  65 

Mixing  and  placing  concrete 336. 10 

Removal  of  forms 51 .  25 

Steel  and  wire  fabric 319. 84 

Cement 528.  61 

Gravel  and  sand 344. 90 

Lumber 290. 13 

Riprap  below  drop .' 30. 10 

Depreciation 344. 89 

Overhead  expense 938. 00 

$6,916.61 

Camp -and  supplies  and  preparatory  work $     530. 96 

Excavation  and  backfilling 2 ,  085. 98 

Concrete  work 2.986.  68 

Riprap  below  drop 30. 10 

Depreciation 344 .  89 

Overhead  expense 938.  00 

$6,916.61 


Cost  per  yd. 
of  concrete 

$  1.569 
10. 430 
1.095 
2.071 
2.955 
0.554 
1.681 
0.257 
1.595 
2.643 
1.725 
1.451 
0. 151 
1.725 
4.690 


$34,583 

$  2.655 

10.430 

14.932 

0.151 

1.725 

4.690 

$34. 583 


i 
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Cost  of  a  Reinforced  Concrete  and  Check  Delivery  Structure  for  an  Irrigatioii 
Canal. — H.  M.  Rouse,  in  Engineering  and  Contracting,  Sept.  6,  1911,  gives 
the  following: 

Five  small  reinforced  concrete  check  and  delivery  structures  were  con- 
structed in  1910  by  the  California  Development  Co.,  for  one  of  its  new  irriga- 
tion canals  in  the  Imperial  Valley,  California.  Three  of  the  five  gates  were 
under  construction  at  the  same  time,  the  conmion  camp  being  a  half  mile  from 
the  Banyan  check  and  delivery. 

All  materials  were  purchased  through  the  company  Store  Department 
which  made  a  charge  of  10  per  cent  of  cost  of  materials  in  store.  This  charge 
includes  unloading  from  cars  at  Calexico,  Store  Department  bookkeeping  and 
miscellaneous  labor,  and  depreciation  on  tools.  The  labor  rates  were  as 
follows: 


Foreman,  per  month $135. 00 

Sub-foremen  and  first  carpenters,  per  day 3. 50 

Second  carpenters,  per  day 3. 00 

Cari>enter  helpers,  per  day $2.  75  &  2. 50 

Laborers  (white),  per  day 2. 50 

Laborers  (Mexican),  per  day 1. 50 

2-horse  team,  wagon  and  driver,  per  day 4. 50 

4-horse  team,  wagon  and  driver,  per  day 7. 00 


1 


The  structure  contains  66.5  cu.  yds.  of  concrete,  and  the  total  cost  was 
$2,124.27,  divided  as  follows: 

Development  Work. — The  development  work  was  little;  it  comprised  build- 
ing a  protection  levee,  placing  a  water  storage  tank  and  building  a  mixing 
board  {it  an  aggregate  cost  of  $6.61  or  9.94  cts.  per  cubic  yard  of  concrete. 

Excavation, — The  excavation  for  the  concrete  work  amounted  to  180  cu. 
yds,  and  was  done  with  shovels.    About  one-half  of  V^'^  excavation  was  from 
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Summarizing  we  get  the  following  costs  per  cubic  yard  of  concrete: 

Item  Per  cu.  3rd. 

Materials $2. 03 

Labor 0. 41 

Total.  .*. $2. 44 

Concrete. — The  concrete  was  a  cement,  sand  and  gravel  mixture  of  1.24  bbls. 
cement  and  1.28  cu.  yds.  of  sand  and  gravel  per  cubic  yard  of  concrete  in 
place.    The  cost  of  82^  bbls.  of  cement  on  the  ground  was  as  follows: 

Item  Cost 

65  bbls.  Calton  at  $3.80  on  cars  Calezico $247. 00 

17H  bbls.  Alsen  at  $4.98  on  cars  Calexico 87. 15 

Store  department  charge 33. 42 

Loading 1. 50 

Hauling 47. 00 

Total  cost  on  ground $416. 07 

This  is  a  cost  for  cement  of  $5.04  per  barrel  on  the  ground  and  of  $6.26  per 
cubic  yard  of  concrete  in  the  structure. 

There  were  used  79.07  cu.  yds.  of  gravel  and  6  cu.  yds  of  sand  at  the  follow- 
ing cost: 

Item  Cost 

44. 85  cu.  yds.  Andrade  gravel  at  $2.95 $132. 31 

30. 46  cu.  yds.  Frink  gravel  at  $3.11 94. 80 

3.  76  cu.  yds.  Mammoth  gravel  at  $2.91 10. 94 

6  cu.  yds.  Whitewater  sand  at  $2.17 13.  02 

Total  on  cars  at  Calezico $251 .  07 

Store  department  charge . . .  ^ $  25. 10 

Loading 8. 00 

HauUng , 140. 00 

Total  sand  and  gravel  on  ground $424.  17 

The  average  cost  of  sand  and  gravel  on  cars  at  Calexico  was  $2.95  per  cubic 
yard.  Hauling  cost  $1.65  per  cubic  yard  and  the  other  charges  noted  brought 
the  cost  per  cubic  yard  on  the  ground  up  to  $4.98.  The  cost  per  cubic  yard 
of  concrete  in  the  structure  was  $6.37.  The  concrete  was  mixed  by  hand  in 
^  cu.  yd.  batches,  wheeled  in  barrows  and  rammed  in  place.  The  labor  cost 
for  mixing  and  placing  was  $  17 1 .09  or  $2.57  per  cubic  yard  of  concrete.  Sum- 
marizing we  have  the  following  costs  for  concrete  in  place: 

Item  Total  Per  cu.  yd. 

Cement $     416.07         $6.26 

Sand  and  gravel 424. 17  6.  37 

Labor  mixing  and  placing 171. 09  2.  57 

Totals $1,011.33         $15.20 

Backfilling  and  Puddling. — The  cost  of  backfilling  and  puddling  trench  as 
described  above  was  as  follows: 

Item  Total 

Men $32.  97 

Fresno  team 2.  26 

Total $35.  22 

This  is  a  charge  of  53  cts.  per  cubic  yard  of  concrete. 
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Oatea  and  Cfate  Lifters. — ^The  cost  of  materials  and  labor  for  six  gates  and 
lifting  apparatus  was  as  follows: 

Per 

Item  Total         gate 

410  ft.  B.  M.  redwood  at  $40 $  16. 40     $  2. 73 

82  ft.  2H  X  3-in.  angle  at  4  cts.  lb 20. 80  \ 

Bolts 3.43/      4.04 

6  lifter  sets  at  $20.31 121.86     

6  c.  i.  pedestals  at  $4.34 26.04     

11  30-111.  sections  c.  i.  rack  at  $1.35  14 .  85     


Total $162. 75  $27. 12 

Grand  total  material $203. 38  $33. 89 

Store  department  charge 20. 33  

HauUng 10. 00  

Total  material  on  ground $233.  71     $38. 96 

Labor  6  gates  at  $2.11 12. 70     

Total  gates  in  place , $246. 41     $41. 07 

Oeneral  Labor. — The  charges  for  general  labor  was  one-third  of  foreman's 
time  at  $135  per  month;  one-third  of  time  keeper's  time  at  $2.50  per  day. 
The  amounts  were: 

Foreman $57. 35 

Timekeeper 16.  60 

Total $73. 96 

Engineering. — Engineering  included  office  work,  drafting  and  paper  and  field 
work  inspection  and  staking  our  structure.     The  charges  were: 

Office  work $  47.  30 

field  work 68.  80 


% 


Total $116.  60 

This  is  a  cost  of  $1.74  per  cubic  yard  of  concrete. 

ReeajnttUation. — From  the  above  figures  we  get  the  following  summaries 
of  costs: 

Per  cu.  yd. 
Item  Total  concrete 

Development  work $        6.  61  $  0. 9094 

Excavation 160.00  2.4100 

Concrete  work 1 ,485. 98  22. 3400 

Backfilling 35. 22  0. 5300 

Gates,  etc 246.41  3.7000 

General  Ubor 73.95  1.1120 

Engineering 116.10  1.7400 

Total $2. 124. 27       $31. 94 

Summarized  by  the  items,  labor,  materials  and  engineering  the  cost  per 
cubic  yard  was  as  follows: 

Item  Per  cu.  yd.  Pet. 

Labor $10.29  32.22 

Materials 19.91  62.32 

Engine^ng 1 .  74  5. 46 

Total $31.94  100.00 


582 


HANDBOOK  OF  CONSTRUCTION  COST 


Costs  of  Irrigatioii  Constractioii  on  the  Rock  Creek  Consenration  Co.'8 
Project  at  Rock  River,  Wyoming. — W.  D'Rohan,  In  Engineering  and  Con- 
tracting, Dec.  27,  1911,  gives  the  following: 

All  the  canals  and  laterals  were  taken  out  by  contract  to  a  uniform  section 
of  8  ft.  bottom  and  1  to  1  slopes,  at  an  average  price  of  17  cts.  per  yard,  they 
are  all  in  cut,  with  an  average  depth  of  4^  ft. 

Owing  to  the  wide  extent  of  the  project,  the  long  moves  over  rough  roads 
would  soon  wreck  any  machinery,  so  the  management  decided  that  it  would 
be  more  ^onomical  to  mix  all  the  concrete  by  hand,  and  over  3,000  cu.  yds. 
were  mixed  and  placed  in  this  manner.  Gravel  was  obtained  from  the  creek, 
and  was  hauled  to  the  various  points  by  contract  at  $6.70  per  yard.  The  con- 
tractor had  to  screen  it  as  well.  For  this,  he  built  a  trap  18  ft.  high,  with  a 
10-ft.  chute,  in  the  bottom  of  which  was  placed  the  screen;  the  gravel  was 
taken  out  of  the  creek  bed  with  wheelers,  carried  up  the  Inclined  run  and 
dumped  into  the  trap  from  which  it  ran  down  the  screen  into  the  wagons. 
Sand  was  shipped  from  Laramie  at  40  cts.  per  ton,  freight  $1,  and  hauling  on 
the  job  $1.80  per  ton.  Ideal  cement  cost  $2.20  per  bbl.  laid  down  and  was 
hauled  by  company  teams  on  the  work.  Lumber  for  forms  cost  $22  i)er  1,000 
ft.  and  was  used  four  times. 

Headgate. — The  top  slab  of  the  gate  over  which  is  a  wagon  road  was  rein- 
forced with  ^^-in.  rods  spaced  8  ins.  apart,  while  plums  were  used  in  the  heav- 
ier parts  of  the  walls.  The  mix  used  throughout  was  1:2^:5  for  plain  con- 
crete, and  1:2:4  for  reinforced.  The  cost  of  the  headgate  was  distributed  as 
follows,  for  111.7  cu.  yds.  of  concrete: 


Excavation:  Total     Per  cu.  yd. 

Item 

276  hrs.  laborers  at  25  cts $       69. 00         

15  hrs.  teams  at  50  cts 7.  50         

60  hrs.  foreman  at  35  cts 17.  60         

Total  excavation $       94. 00         $  0. 84 

133  bbls.  cement  at  $2.20 $     279. 30 

6,000  ft.  lumber  at  $22  per  M 27.  50» 

46  cu.  yds.  sand  at  $4.80 220.  80 

60  cu.  yds.  gravel  at  $6.70 402. 00 

48  cu.  yds.  "plums"  at  $1 48. 00 

160  lbs.  steel  rods  at  2  cts 3.  20 

Water  and  hauling  cement 25. 00 

Total  materials $1 ,005.  80         $  9. 00 

Labor: 

640  hrs.  mixing  and  placing  at  25  cts $     136. 00  

160  hrs.  carpenters  at  40  cts 64. 00         

90  hrs.  helpers  at  27.5  cts 24.  75  

80  hrs.  foreman  at  40  cts 32. 00         

Total  labor $     256. 76         $  2. 29 

Grand  total $1 ,365.  66         $12. 13 


•  Lumber  used  four  times. 
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Flo.  13, — Standud  concrete  drop. 

Dtdpi. — All  of  the  drops  were  of  the  etandaid  design,  shown  by 
The  cost  of  this  drop  was  aa  foUowa  tor  6fi.fi  cu.  yds.  of  concrete: 

Total 
£u»vation: 

2T0  hn.  Irftoreni  at  25  Ota f  07.50 

30  hiB.  f oremsn  at  30  ets 0.00 

Total  eicavaUoD »  76.50 

Materials: 

2,500(1.  B.M.  lumber  at  »22  per  M t  13.75- 

3!  eu.  yds.  eaad  at  S4.SD 163.  eo 

317uckBceiDeatat  t2.10perbb1 100.42 

iS  cu.  yds.  gravel  at  SO 210. 00 

Men.  yds,  "plujuB- at»l 25.00 

Total  materiale t5e8,77 
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Total 

31S  hn.  mixing  and  pUdiis  Bt  25  eta *  7S.  75 

S8  hre.  CBrpesten  at  40  cts 23.20 

95  hre,  helpera  at  27.S  eto 26. 12 

20  hre.  winnc  f«Di9  at  26  eta £.00 

Hauling  eemeat,  water,  etc fl.  flO 

Total  laboi •!«.  47 

Grand  total $701.74 


Open  Chuii. — The  open  chute,  shown  by 
Fig.  13,  la  297  ft.  long.  It  Is  buUt  at  rein- 
forced concrete  6  isa.  thick,  the  bottom  being  3 
ft.  wide  wltb  side;  18  Ina.  high  on  a  1  to  1  elope. 
and  la  on  a  fi  per  cent  grade.  The  water  (rom 
It  la  discharged  into  a  chamber,  from  which  It 
is  caiiled  under  tbe  railroad  tracks  b7  a  S4-1d. 
cast  Iron  pipe  with  a  fall  of  3.06  ft,  in  60  ft. 
It  dlBchargea  Into  a  cushion.  25  ft.  long,  and  5 
ft.  deep  below  tbe  ditch  bottom,  the  upper  pait 
having  sides  sloping  to  conform  with  the  shape 
of  the  ditch;  5S0  ft,  of  4-lD.  tile  drain  pipe  I^d 
12  ins.  underneath  the  concrete  takes  care  at 
the  seepage  water.  Tbe  cost  of  the  chute  amd 
crossing  was  as  tollows,  not  including  the  cast 
Plpn  iron  pipe  which  I  was  unable  to  obtain.     The 

ro.  13  — Det^ls  at  concrete   M™valion  Indudea  chute,  railroad  eroaaing  »nd 

'  lined  ohute.  200  ft.  of  ditch  and  cost  aa  follows^ 

Item:  Total 

12  hre.  sGp  teams  at  50  eta t3I6.<X> 

15  bra.  laborereal2S  eta 181.25 

te  hre.  foreman 38.79 


)t  including  the  ct 


ig  intake  and  outlet. 


cu,  yds.  sand  at  »4.80 «    248. 2 

'  cu.  yds.  gravel  at  »a 469.11 

I  QU.  yds.  "plums"  at  •! ,    24.91 


Labor  miiing  and  placintt  concrete t    317, 10         S  2, 16 

Grand  total 11,740,07         Sit.  87 

The  Intake  and  outlet  atnicturea.  contained  13B.3  cu.  yds.  of  roncrete  which 
WAS  placed  for  no.42  per  cubic  yaid .  The  diute  and  r^road  craeslng  wsra 
put  In  according  to  plana  made  by  the  Union  Pacific  R.  R.  Co. 

Concrete  Pipt. — About  one  mile  from  tbe  railroad  on  another  liUlslde,  It  waa 
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decided  to  put  In  concrete  pipe  instead  of  tlie  open  chute;  288  ft.  of  Ml  pipe 
was  made.  The  mix  used  was  1 : 2: 3  and  was  reinforced  with  ordinary  barbed 
wire,  6  rings  being  used  to  each  pipe.  The  concrete  was  placed  very  wet  and 
allowed  to  stay  overnight  in  the  forms  which  wera  pahited  with  crude  oil 
before  every  setting.    The  cost  of  the  pipe  making  and  laying  was: 

Pipe  making:  Cost 

810  hrs.  mixing  and  plading  in  forms  at  25  ets $202. 50 

50  hrs.  team  hauling  water  at  50  cts 25. 00 

158  hrs.  fweman  oihng  and  setting  forma  at  30  eta 47. 40 

Total $274. 90 

Alaterials* 

220  sacks  cement  at  $2.20  per  bbl $121. 00 

33  cu.  yds.  sand  at  $4.80 158. 40 

Oil 10. 00 

Barbed  wire 10. 50 

Total  materials $299. 90 

Total  pipe $674. 80 

(This  gives  for  288  ft.  of  pipe  a  cost  of  practically  $2  per  lineal  foot. — 
Editors.) 
The  cost  of  laying  pipe  was  as  follows: 

292  hrs.  laborers  at  25  cts $73. 00 

45  hrs.  foreman  at  30  cts 13.  50 

Total $86. 50 

(This  gives  for  288  ft.  a  cost  for  laying  of  30  cts.  per  lineal  foot. — Editors.) 
The  excavation  and  backfilling  of  the  trench  was  done  with  slip  scrapers  at  a 
cost  as  follows: 

Item:  Cost 

220  hrs.  teams  at  50  ets $110. 00 

160  hrs.  laborers  at  25  cts 40. 00 

87  hrs.  foreman  at  35  cts 26. 10 

Total $176. 10 

The  intake  of  the  pipe  chute  consists  of  a  w^  8  ft.  deep  by  7  ft.  wide,  the 
bottom  2  ft.  acts  as  a  cushion,  thus  giving  the  pipe  an  efifective  head  of  6  ft. 
The  pipe  discharges  Into  a  concrete  basin  so  built  that  the  top  of  the  pipe  is 
levd  with  the  bottom  of  the  ditch  which  takes  out  almost  at  right  angles  to  the 
chute.  The  two  structures  contain  118.5  yards  of  concrete  and  cost  $14.10 
per  yard. 

Wooden  Drops. — Owing  to  the  difficulty  of  obtaining  sand,  it  was  impossible 
to  complete  the  concrete  structures  in  time  for  the  irrigation  season,  so, 
temporary  wooden  drops  had  to  be  put  in.  The  drops  are  very  effective. 
The  cost  of  an  8-ft.  drop  was: 

Materials:  Cost 

4.000  ft.  B.M.  lumber  at  $22  per  M $  88. 00 

35  Ibe.  nails  at  5  cts 1. 75 

Total  materials $  89. 75 

Labor: 

42  hrs.  carpenters  at  40  cts $  16. 80 

90  hrs.  labor  excavating  at  25  cts 22. 50 

20  hrs.  teams  at  50  cts 10. 00 

Total  Ubor $  49. 30 

Grand  total $139. 05 
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*"  Flashboards. — ^All  of  the  ditches  being  in  cut  makes  it  necessary  to  pLace 
diversion  gates  in  the  chann^  in  order  to  divert  a  sufficient  head  into  the 
laterals.  For  this  purpose,  large  steel  overflow  gates  are  provided.  Owing 
to  the  want  of  sand  however  thay  could  not  be  placed  in  time,  and  temporary 
flashboards  which  contain  250  ft.  B.  M.  of  lumber  and  cost  17.75  to  build 
were  used. 

Siphon  Construction. — The  inti^ce  and  the  outlet  of  the  s^hon  ditch  which 
takes  out  of  the  Bosler  Canal  are  two  massive  reinforced  concrete  stmctures. 
The  floor  of  the  intake,  is  7  ft.  thick  reinforced  top  and  bottom,  with  1  in. 
corrugated  bars  spaced  12  ins.  apart.  The  walls  are  15  Ins.  thick  r^nforced 
with  K-iii-  s.nd  ^-in.  rods  front  and  back,  spaced  12  ins.  and  are  strongly 
buttressed.  The  structure  contains  394  cu.  yds.  of  concrete,  and  26,627  lbs. 
of  steel.  The  concrete  cost  $15.88,  and  forms  and  placing  steel  73^  cts.  per 
cubic  yard.  The  gates  are  of  the  Western  type,  and  cost  $500,  and  the  whole 
structure  cost  $7,249.97. 

The  outlet  of  the  siphon  is  a  triangular  shaped  chamber  with  200  sq.  ft.  of 
floor  space;  the  east  and  west  outlets  taking  out  at  the  lower  comers.  The 
floor  is  3  ft.  thick,  reinforced  with  }4  in.  and  %  in.  rods  spaced  10  ins.  The 
outlets  are  controlled  by  overflow  diversion  gates  with  three  openings 
each  4  X  5  ft.  The  structure  contains  367  cu.  yds.  of  concrete,  and 
17,727  lbs.  of  steel  and  without  the  gates  cost  $5,879.07.  Forms  and 
steel  placing  cost  86  cts.  per  cu.  yd.  and  the  concrete  $16.01  per  cu.  yd. 

The  54-in.  wood  pipe  inverted  siphon  is  4,939  ft.  long,  and  is  built  of  Or^on 
fir.  The  staves  are  l^i  ins.  thick  and  kiln  dried.  The  shoes  are  of  the  Allen 
patent  of  cast  iron,  and  the  bolts  }i  in.  thick  are  of  mild  steel,  and  50,000  lbs. 
tensile  strength.  At  the  intake  and  the  outlet,  and  also  under  the  track,  the 
wood  pipe  laps  over  a  60-in.  cast  iron  pipe,  the  joint  being  made  by  lapping 
the  iron  pipe  with  tarred  oakum  rope. 

All  of  the  pipe  forms,  and  the  welding  of  the  bands  for  the  swelled  joints 
were  made  on  the  works,  the  slotting  of  the  staves  which  is  usually  done  at  the 
factory  was  also  done  here.  The  bands  were  painted  with  asphaltum  on  the 
pipe.  The  tarred  rope  did  not  make  a  successful  joint  as  the  tar  prevented  the 
rope  from  absorbing  water  and  swelling,'  so  a  concrete  coUar  was  put  around 
the  joint,  ah  open  space  2  X  12  ins.  being  left  on  the  top  of  the  pipe,  this  was 
afterwards  plugged  with  oakum.  The  costs  of  the  pipe  were  distributed 
as  follows: 


Slotting  staves: 

970  hrs.  laborers  at  27}4  cts $  266.  75 

260  hrs.  foreman  at  30  cts 78.  00 

Total $  344.  75 

Making  Pipe  Forms,  Bells  and  Sills: 

140  hrs.  carpenter  at  40  cts $  66.  00 

20  hrs.  blacksmith  at  25  cts 5.  00 

Total $  61.  00 

Welding  bands: 

50  hrs.  blacksmith  at  30  cts $  15,  00 

Laying  pipe,  cinching  bands,  painting  bands: 

7,932  hrs.  laborers  at  25  cts $1 ,983.  00 

207  hrs.  foremen  at  30  cts 62.  10 

641  hrs.  foreman  at  35  cts 189.  35 

Total $2,234.45 
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M&teri&lfi  used: 

163,000  ft.  B.M.  lumber  at  $31 $5,053. 00 

Bands 3 ,  188. 06 

Shoes 605.  20 

Asphaltum 10. 00 

Splines 196. 00 

Oakum  for  iron  pipe  joints 20. 00 

Manhole 56. 30 

Total $9 .  128.  56 

Hauling  cost  (distance  2  miles): 

Lumber $     489. 00 

Bands 162.  75 

Shoes 60. 00 

Splines 4.50 

Total $     716. 26 

Back  filling  of  pipe  line: 

1,101  hrs.  teams  at  50  cts $     550.50 

790  hrs.  laborers  at  25  cts 197.  50 

217  hrs.  foreman  at  35  cts 75. 95 

Estimated  to  complete  backfilling 150. 00 

Total $    973. 95 

That  is  4,939  ft.  of  pipe  cost  $13,473.96,  or  $2.70  per  foot,  without  the 
excavation.  The  pipe  was  laid  under  a  maximum  head  of  76  ft.,  the  bands 
cost  roughly  about  42  cts.  each,  the  shoes  8  cts.  each. 

Cost  of  Spray  Irrigation. — The  following  is  an  abstract  In  Engineering 
and  Contracting,  March  14,  1917,  of  a  bulletin  on  Spray  Irrigation  issued  by 
the  U.  S.  Dept.  of  Agriculture: 

Economic  Conditions  Justifying  Spray  Irrigation. — The  cost  of  spray- 
irrigation  systems  depends  upon  the  t3rpe  installed  as  well  as  upon  conditions 
peculiar  to  each  form.  A  portable  outfit  may  cost  as  little  as  $50  per  acre  for 
the  field  equipment,  while  a  stationary  distribution  system  may  cost  as  much 
as  $150  per  acre.  To  these  figures  must  be  added  the  cost  of  a  main  pipe  line 
leading  from  the  water  supply  to  the  fields  and  usually  the  cost  of  developing 
a  water  supply  and  installing  a  pumping  plant.  These  additional  items  may 
being  the  total  outlay  per  acre  up  to  two  or  three  times  the  cost  of  the  distribu- 
tion system,  especially  on  small  acreage.  Assuming  a  cost  of  $250  per  acre 
on  a  stationary  plant  for  a  small  acreage,  the  farmer  should  be  able  to  increase 
his  annual  returns  from  each  acre  to  cover  approximately  the  following 
charges: 


6  per  cent  interest  on  $250 $15. 00 

5  per  cent  depreciation  on  equipment 12.  50 

2  per  cent  maintenance  and  repairs 5. 00 

Cost  of  fuel  and  oil  at  4  cts.  per  1,000  gal.  of  water  pumped  for  6  acre- 
inches  *6. 50 

Labor  in  irrigating,  1  man  6  days  at  $2 12. 00 

Total  overhead  and  operating  expenses $51 .  00 

*  Cost  of  pumping  estimated  for  a  plant  operating  at  50  per  cent  efficiency 
against  a  total  head  of  150  ft.,  using  gasoline  as  fuel.  The  amount  of  water 
pumped  annually  is  assumed  at  6  acre-inches  as  a  typical  duty  of  water  in  the 
Atlantic  Coast  States  where  spray  irrigation  is  most  extensively  used.  More  arid 
lections  require  larger  amounts. 


t 
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It  will  be  noted  that  $61  per  acre  per  year  is  necessary  in  returns  to  cover 
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overhead  and  operating  expense  incidental  to  the  spray  system.    To  realize 
a  fair  profit  from  the  irrigation  plant,  the  crops  must  increase  in  value  some- 
thing more  than  $51  per  acre.    In  the  case  of  berry,  tobacco,  and  orcliani 
crops  the  increase  must  be  derived  from  one  main  crop  and  a  possible  inter- 
crop.   On  the  other  hand,  the  irrigator  of  truck  who  follows  intensive  culture 
has  a  chance  of  dividing  the  annual  increase  among  three  to  six  crops.    The 
high  cost  of  spray  irrigation  eliminates  its  use  on  many  crops  which  respond 
readily  to  irrigation.     It  is  possible,  however,  to  use  cheaper  methods  of 
distribution  on  many  of  these  crops  which  are  grown  on  land  having  an  even 
surface.    A  combination  of  spray  irrigation  and  surface  methods  on  the 
same  farm  often  can  be  placed  under  one  pimiping  plant,  as  illustrated  in 
Fig.  14,  thereby  utilizing  to  the  fullest  extent  the  water  supply,  pumping 
equipment,  and  main  pipe  lines.     The  typical  farm  illustrated  in  Fig.  14  indi- 
cates the  use  of  spray  irrigation  on  the  more  imeven  parts  where  the  topogra- 
phy is  not  adapted  to  cheaper  methods,  but  where  the  soil  and  southern  slope 
are  desirable  for  the  growing  of  early  and  intensive  truck  and  berry  crops 
that  will  justify  spray  irrigation.    The  main  feed  pipe  is  extended  to  the  upper 
and  more  even  parts  of  the  farm,  where  cheaper  methods  of  irrigation  can  be 
applied  to  alfalfa,  orchard,  bush  berries,  potatoes,  and  other  crops  grown  in 
wide  rows  for  horse  cultivation. 

Truckers  in  the  arid  sections  seem  to  favor  a  combination  of  spray  irrigation 
and  surface  irrigation  on  the  same  field.  The  spray  is  used  in  the  preparation 
of  the  seed  beds,  germinating  seeds,  and  starting  newly  set  plants.  Later  the 
crops  are  irrigated  during  the  maturing,  and  fruiting  i)eriods  by  the  surface 
furrow  or  check  methods.  A  portable  spray  equipment  often  meets  these 
conditions  most  economically,  because  it  can  also  be  used  for  the  irrigation 
of  hot-bed  and  cold-frame  crops. 

Farm  Conditions  Adapted  to  Spray  Irrigation. — Spray  irrigation  can  be 
practiced  to  advantage  on  both  light  and  heavy  soils.  By  this  method  it  is 
possible  to  apply  evenly  to  sandy  soils  the  small  quantities,  of  water  which 
such  soils  will  retain,  without  the  loss  of  water  by  i)ercolation  which  might 
occur  with  other  methods.  It  is  possible  also  to  apply  to  heavy  clay  soils 
the  small  quantities  of  water  required  to  soften  such  soils  when  they  have 
baked  after  rains,  and  to  apply  water  no  faster  than  the  soil  can  absorb  it, 
thus  preventing  loss  by  surface  run-off. 

Lands  to  be  irrigated  should  be  drained  as  completely  as  possible  of  excels 
moisture.  Many  tile-drained  fields  are  the  most  responsive  to  crops  under 
spray  irrigation. 

Spray  irrigation  is  practically  independent  of  the  topography  of  the  field 
and  can  be  applied  to  land  too  rolling  or  rough  for  surface  methods.  It  is. 
therefore,  adaptable  to  the  irrigation  of  side  hills  on  which  soils  tend  to  wash 
or  erode. 

Amount  of  Water  Required  for  Spray  Irrigation. — ^Afl  yet,  the  available 
knowledge  on  the  amoimt  of  water  required  for  spray  inigation  is  limited, 
because  of  the  comparative  newness  of  the  methods  and  the  lack  of  actual 
records  on  plants  imder  a  time  test.  In  the  humid  regions  amounts  not  exceed > 
ing  H  in.  in  depth  often  are  considered  a  sufiicient  application  to  seed  beds 
and  young  vegetables,  while  in  the  case  of  maturing  garden  crops  and  straw* 
berries  ^  to  1  in.  may  be  applied.  It  is  probable  that  truckers  in  the  humid 
region  do  not  use  more  than  6  in.  in  a  growing  season  and  in  many  seasons  4  in . 
or  less  wiU  supplement  the  rainfall  sufficiently.  More  water  is  required  for 
sandy  soils  than  for  clay.    A  crop  like  the  spray-irrigated  citrus  groves  of 
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Florida  may  reqxilre  as  much  as  3  in.  per  irrigation.  Truck  and  citrus  growers 
in  the  arid  regions  apply  more  water  than  those  in  the  humid  region,  probably 
because  of  a  large  evaporation  loss.  In  the  arid  region  the  truck  farmer  is 
inclined  to  make  frequent  applications — every  3  or  4  days — ^rather  than  to 
apply  the  extra  amoimt  d  water  required  in  large  applications  which  will 
wet  below  the  reach  of  the  vegetable  roots,  while  the  citrus  grower  applies 
from  4  to  8  in.  each  time. 

For  spray  irrigation  sufficient  water  to  cover  the  land  to  a  depth  of  1  in. 
per  week  for  humid  regions  and  l\i  in.  per  week  for  arid  regions  is  believed 
to  be  a  safe  estimate  for  designing  purposes.  A  spray  plant  should  be  large 
enough  to  supply  these  amounts  of  water  in  a  reasonable  length  of  time. 
This  is  accomplished  generally  by  installing  the  system  of  spray  from  one- 
fifth  to  ono-half  of  the  total  acreage  at  one  time,  depending  somewhat 
upon  the  type  <rf  distribution  used  and  the  available  water  supply. 

All  spray  irrigation  plants  require  power  pmnping  equipment  imless  pres- 
sure can  be  supplied  from  an  elevated  source  or  municipal  waterworks.  To 
generate  a  spray  requires  a  high-pressure  pump  producing  25  to  40  lb.  pressure 
on  the  nozzles  in  addition  to  elevating  the  water  to  the  field. 

The  Designing  of  Spray  Irrigation  Systertia. — E^very  spray  irrigation  system 
can  be  divided  into  three  parts,  which  must  be  considered  in  their  proper 
relation  to  each  other  in  the  design  of  a  plant.  First,  the  distribution-pipe 
system,  which  applies  the  water  directly  to  the  crops  through  some  type  of 
nozzle;  second,  the  main  feed  pipe,  which  conveys  the  water  from  the  source 
to  the  distributaries;  third,  the  pumping  equipment,  which  lifts  the  water 
and  develops  the  pressure,  unless  the  water  and  pressure  are  obtained  from  a 
gravity  or  municipal  supply. 

The  distribution  system  should  be  laid  out  to  use  the  minimmn  amoimt  of 

large  pipe  for  both  distributaries  and  main  feed  pipe.    The  laterals  or  nozzle 

lines  should  run  in  a  direction  which  will  give  the  least  amoimt  of  obstruction 

to  the  cultivation  oi  the  field  in  the  most  efficient  manner.    The  field  should 

be  laid  off  in  irrigation  blocks  or  imits,  a  unit  representing  the  area  to  be 

irrigated  at  one  item.    The  unit  should  be  of  a  desirable  length  for  the  kind 

of  crops  to  be  irrigated.    Where  possible,  it  is  advisable  to  divide  the  field  by 

the  irrigation  system  into  blocks  which  wiU  make  the  estimating  of  acreages 

easy  when  arriving  at  the  amount  of  seed  and  fertilizer  required  or  determin- 

'  ing  yields.    This  is  done  usually  by  having  a  convenient  fraction  of  an  acre 

under  each  spray  line  or  by  having  the  crop  rows  a  length  which  will  make  each 

rod  or  yard  in  width  a  known  fraction  of  an  acre. 

To  keep  the  cost  of  a  spray  distribution  system  as  low  as  possible,  yet  obtain 
a  good  uniform  pressure  and  distribution  of  water,  the  sizes  of  pipes  must  be 
proportioned'  properly.  Each  lateral  or  nozzle  line  must  be*  proportioned  in 
rize  according  to  the  number  and  capacity  of  the  nozzles  used.  The  main 
feed  pipe  must  be  proportioned  to  carry  the  total  amount  of  wat^  to  the  most 
distant  irrigation  unit  and  then  be  reduced  in  size  as  the  water  is  decreased 
by  each  nozzle  line  within  the  irrigation  unit.  The  water  required  to  run 
an  irrigation  unit  determines  the  capacity  of  the  pumping  equipment. 

Table  XXVI  is  a  bill  of  materials  for  the  typical  farm  shown  in  Fig.  14. 
Pipe  less  than  2  in.  in  diameter  can  be  cut  in  the  field,  hence  the  actual  number 
offset  required  is  stated  for  such  pipe.  "Location"  refers  to  the  location  in 
the  Md.  Nozzle  lines  are  assumed  to  be  630  ft.  long  on  each  side  of  the  farm 
road.  Pipe  posts  are  assumed  to  be  set  18  ft.  apart,  and  9  ft.  long,  to  support 
nozzle  lines  63^  ft.  above  the  surface. 
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Fio.  14. — Typical  80-acre  farm  in  humid  regions,  showing  development  of 
water  supply  by  reservoir  and  a  combination  of  spray  and  surface  methods  of 
irrigation  operated  from  one  pumping  plant. 
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Cost  of  Spray  System  of  Irrigation  for  Lawn  Sprinkling. — ^According  Burt 
A.  Heinly,  Engineering  News,  April  11,  1912,  the  cost  of  lawn  sprinlUing 
which  was  practically  eating  up  the  annual  appropriation  for  parks,  was  cut 
80  per  cent  by  automatic  sprinlding  apparatus. 

The  system  is  simple  in  the  extreme.  It  is  composed  (Fig.  15)  of  pipes 
laid  in  radiator  circuits  from  12  to  15  in.  beneath  the  ground,  which  supply 
stand-pipes  to  which  sprinkler  heads  placed  flush  with  the  ground  are  attached 
at  intervals  of  20  ft.  Experiments  showed  that  a  circle  whose  diameter  is  the 
diagonal  of  a  20-ft.  square  is  about  the  maximum  over  which  water  can  be 
distributed  from  a  single  sprinkler  top.  It.is  obvious  that  to  irrigate  any 
large  area  simultaneously,  the  supply  main  and  radiating  pipes  would  have  to 
be  of  large  size,  else  the  resultant  release  of  water  from  many  escapes  would 
so  reduce  the  press\|re  as  to  destroy  the  purpose  of  the  apparatus.  The  radia- 
tor system  is  therefore  separated  into  circuits  or  series,  each  of  which  is 
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Stanfilpipcs  for  Two  Systems 
FiQ.  15. — Spray  irrigation  syBtem,  Los  Angeles,  Cal. 

controlled  by  one  or  two  valves,  according  to  whether  the  circuit  is  fed  from 
one  or  two  ends.  With  the  application  of  a  volume  of  water  equal  to  the 
discharge,  the  series  is  set  in  operation,  the  sprinkler  then  providing  the  nec- 
essary distribution  in  the  form  of  a  spray. 

The  system  was  devised  by  Frank  Shearer,  superintendent  of  parks,  and  the 
installation  was  made  in  Central  Square,  a  five  acre  tract  near  the  heart  of 
the  retail  shopping  district.  The  park  was  being  entirely  remodeled,  which 
included  the  stripping  of  the  lawn,  so  that  imusual  opportimity  was  offered 
for  the  work.  Here  a  single-feed  system,  controlled  by  one  valve  (Fig.  16) 
was  used.  The  supply  main  is  4  in.  in  diameter  and  the  circuit  pipes  2  in.  in 
diameter.  The  water  pressure  in  the  city  mains  is  approximately  60  lbs.  per 
sq.  in.  at  this  point.  Three  dozen  sprinkler  heads  were  attached  to  each 
series,  which  irrigates  approximately  17,000  sq.  ft.  Eleven  series  are  thwi 
required  for  sprinkling  the  4.3  acres  of  lawn  area.  The  system  cost  about 
$400  per  acre,  installed,  which  is  nearly  double  the  cost  of  piping  for  hose  irri- 
gation which  includes  the  purchase  of  hose. 

With  this  system  in  use,  it  requires  the  time  of  one  man  for  only  two  hours  to 
do  the  day's  sprinkling  over  the  entire  park.    With  irrigation  by  hose  sprink- 
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Hng  it  took  two  men  the  entire  day  to  peif  onn  the  ta^.    At  the  rate  of  $2  per . 

day  for  e^t  hours'  work  this  Is  a  net  daily  saving  of  $3.50  per  day.  or  ' 

$1277.60  per  year  on  ttiis  small  paric,  where  within  20  months  the  device 

will  pay  for  itself.  ' 

Selection,  Installation  and  Cost  of  Small  Pumping  Plants  for  Irrigation. — 
The  following  discussion  is  given  by  B.  A.  Etchverry,  Department  of  Irri-  ~\ 

gation.  University  of  Galifomia,  in  Engineering  and  Contracting  Nov.  5, 1913. 

The  proper  selection  of  a  pumping  plant  depends  upon  many  factors  which  , 

should  be  carefully  considered  by  the  intending  purchaser.    These  factors  are: 
(1)  source  of  water  supply,  (2)  capacity  of  plant  and  i)eriod  of  operation,  (3)  i 

the  kind  of  pump,  (4)  the  class  of  engine  or  driving  power.  (5)  the  first  cost,  ! 

(6)  the  fuel  cost,  (7)  the  cost  of  fixed  chiuges  and  attendance.    These  factors  j 

are  interdependent  and  should  be  considered  together.    Their  relative  impor- 
tance will  vary  with  local  conditions  and  for  that  reason  it  is  not  possible  to  I 
state  definite  rules  which  will  apply  in  all  cases.    A  study  of  the  conditions                    j 
affecting  each  factor  is  therefore  necessary  in  each  case.                                                     I 

1.  Source  of  Water  Supply. — The  source  of  water  supply  may  be  surface  ' 

water  supidy,  such  as  water  occurring  in  rivers,  lakes,  canals,  etc.,  or  may  be  • 

ground  water  supply.    Where  surface  water  is  available,  the  water  will  be  I 

developed  by  means  of  a  proper  intake,  which  for  the  simplest  cases  will  con-  , 

sist  simi^  of  tiie  sucticm  inpe  of  the  pump  extending  into  the  body  of  water. 
Where  ground  water  is  available  the  most  ciHnmon  means  of  devdopment  is  • 

hj  wells.  \ 

WeUa. — The  well  may  be  a  dug,  bored  or  drilled  well.    The  most  common 
form  (rf  well  for  individual  pumping  plants  in  California  is  a  drilled  or  bored  * 

well  10  to  16  ins.  in  diameter  or  larger,  lined  with  a  casing,  which  may  be  one 
of  the  three  following  types : 

(1)  Standard  steel  screw  casing; 

(2)  Sin^e  galvanized  iron  casing.  No.  12  to  No.  16  gauge,  with  joints 
riveted  together; 

(3)  Double  black  steel  casing.  No.  12  to  No,  16  gauge,  known  as  California 
stov^ipe  casing,  and  very  generally  used  in  southern  California.    This 

casing  is  made  of  riveted  steel  sections  2  ft.  long  placed  with  broken  joints.  { 

The  bottom  of  the  easing  consists  of  a  starting  section  15  to  20  ft.  long,  made 

of  triple  thickness,  riveted  together,  with  a  steel  shoe  at  the  lower  end.  j 

The  well  and  casing  should  extend  into  the  water-bearing  gravel  sufficiently  ' 

far  to  give  a  perforated  area  equal  to  at  least  five  times  the  cross  section  area  f 

of  the  w^.    The  perforations  are  made  with  an  improved  cutting  tool,  and  j' 

consist  of  6  to  8  slits  made  in  each  ring  or  circle;  each  slit  12  to  18  ins.  long  and  \. 

H  to  f  4  in.  wide.    A  space  of  4  ins.  is  skipped  and  another  ring  of  slits  stag-  \ 

g«ed  with  the  adjacent  ones  is  made.    Slits  should  not  be  over  18  ins.  long 
with  stovepipe  casing. 

In  southern  California,  near  Chino,  ib»  price  of  drilling  deep  wellsis  as  follows : 

For  10, 12  and  14-in.  wells  in  fine  material,  $1.25  per  foot  for  first  500  feet. 

For  16-in.  wells  in  fine  material,  $1.50  per  foot  for  first  500  feet. 

For  d^tfas  greater  than  500  ft.  the  price  is' 50  cts.  extra  for  each  additional 
foot. 

The  cost  per  foot  of  sted  stovepipe  casing  is  about  as  follows: 

Diameter,  ins.  12  gage  14  gage 

10      $1.12  $0.92 

12               1.27  0.99 

14 1.51  1.12 

le;;; ;;.'!! i.so  1.24 
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2.  Capacity  of  Plant  and  Period  of  Operation. — The  leqiiired  capacity  d 
the  plant  will  depend  on  the  area  irrigated,  the  duty  of  water  or  depth  d 
water  required  on  the  land  and  the  period  of  operation.  For  ordinary  orchard 
soil  a  total  depth  of  12  ins.  of  water  during  the  irrigation  season  will  be  suffi- 
cient for  young  orchards.  For  a  full-bearing  deciduous  orchard  18  Ins.,  and 
for  a  citrous  orchard  24  ins.  should  be  ample,  while  for  alfalfa  and  oth^-  for- 
age crops  24  to  36  iUEL  is  plenty.  Where  the  cost  of  pumping  is  high,  such 
as  for  small  plants  and  high  lifts,  it  will  usually  not  be  feasible  to  grow  at 
a  profit  ansrthing  but  orchards.  To  reduce  the  cost  of  pumping,  no  exceas 
water  should  be  used,  all  losses  should  be  prevented  by  careful  irrigation  and 
thorough  cultivation,  in  which  case  a  young  orchard  on  fairly  deep  ret^itive 
soil  may  not  require  more  than  6  to  9  ins.  of  irrigation  water  and  a  full-bearing 
orchard  not  more  than  12  or  15  ins.  for  deciduous  trees  and  18  ins.  for  citrus 
trees  during  the  irrigation  season.  To  put  a  d^>th  of  2  ft.  of  water  on  one 
acre,  it  takes  a  flow  of  very  nearly  1  cu.  ft.  per  second  for  24  hours;  this  is 
equivalent  to  450  gals,  per  minute  for  24  hours.  This  relation  can  be  applied 
to  any  case  to  obtain  the  size  of  the  pump.  For  example,  if  it  is  desiied 
to  irrigate  a  40-acre  orchard  1^  ft.  deep,  in  an  irrigation  seasons  of  120  days, 
this  requires  60  acre  feet  in  120  days  or  ^  acre  foot  per  day.  This  will  be 
obtained  by  a  pump  giving  H  cu.  ft.  per  second,  or  110  gals,  per  minute,  when 
the  pump  is  operated  continuously  24  hours  a  day  every  day  during  the  irriga- 
tion season  of  four  months.  For  a  10-acre  orchard  the  required  capacity 
based  on  the  same  conditions  would  be  one-quarter  of  the  above,  or  28  gala, 
per  minute,  or  1/10  cu.  ft.  per  second. 

The  above  two  examples  are  based  on  a  pump  operating  continuously  at 
the  rates  given  above.  While  continuous  operation  decreases  the  required 
size  of  plant,  it  is  usually  preferable  to  select  a  plant  of  larger  capacity  and 
operate  it  only  a  part  of  the  time.  This  is  especially  desirable  for  very  small 
orchards,  in  which  case  continuous  operation  gives  a  stream  too  small  too 
irrigate  with.    The  other  disadvantages  of  continuous  operation  are: 

(1)  Continuous  operation  requires  continuous  irrigation  and  constant 
attention  to  operate  the  pumping  plant.  For  very  small  tracts  a  regulating 
reservoir  may  be  used,  but  it  must  be  of  considerable  capacity  to  be  of  any 
service,  and  it  must  be  lined  with  concrete  to  prevent  seepage  losses  of  the 
water,  which  when  pumped  is  too  valuable  to  lose.  Usually  it  is  preferable 
to  purchase  a  larger  plant  and  do  without  a  reservoir. 

(2)  Continuous  operation  gives  a  small  stream  which  cannot  be  applied 
economically. 

(3)  Continuous  operation  means  that  the  water  cannot  be  applied  to  the 
different  parts  of  the  orchard  within  a  short  time,  so  that  only  a  small  part  of 
the  orchard  or  farm  receives  the  water  when  most  needed,  aikl  the  remainder 
must  be  either  too  early  or  too  late. 

(4)  A  small  plant  is  less  efficient  and  requires  a  proportionately  larger  fuel 
consumption  than  a  larger  plant,  to  pump  the  same  quantity  of  water. 

On  the  other  hand,  a  very  short  period  of  operation  requires  a  comparatively 
large  pumping  plant,  which  will  greatly  Increase  the  first  cost  d  instaUatSon 
the  interest  on  the  capital  invested,  the  depreciation  and  fund 
to  provide  for  renewal.  It  also  requires  a  larger  source  of  supply,  which 
not  always  be  available.  For  instance,  the  required  flow  may  exceed  tbe 
capacity  of  the  well  or  may  so  lower  the  water  plane  that  the  cost  of  pumping 
will  be  increased.  Also  in  some  localities  the  power  company  may  offer  a  low 
flat  rate  for  continuous  use. 
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Usually  it  is  desirable  to  operate  the  pump  not  over  one-half  or  one-third 
of  the  time  during  the  irrigation  season  and  often  a  shorter  period  is  desirable. 
This  requires  a  piunping  plant  two  or  three  times  or  more  the  size  required 
for  continuous  irrigation.  The  capacity  of  the  pump  must  be  sufficient 
in  all  cases  to  give  a  large  enough  stream  to  irrigate  economically;  even  for 
the  smallest  orchards  a  streun  (rf  at  least  5  to  10  miner's  inches  or  about  60 
to  100  gals,  per  minute  is  desirable. 

For  a  full-bearing  orchard  18  ins.  of  irrigation  water  for  deciduous  trees 
add  24  ins.  for  citrus  trees,  applied  in  three  to  four  irrigations  of  6  ins.  each, 
at  intervals  of  30  to  40  days,  should  be  ample  in  most  cases.  As  stated  above 
where  the  water  has  to  be  pumped  to  high  elevation,  the  higher  cost  of  the 
wat^*  demands  greater  care  in  its  use  and  12  to  18  ins.  total  depth  of  Irrigation 
water  would  be  suffici^it. 

Table  XXVII  gives  the  required  pump  capacity  for  various  sizes  of  orchards 
or  farms  and  for  different  periods  of  operation.  It  is  based  on  a  depth  of 
irrigation  water  of  6  ins.  each  month,  or  18  ins.  in  three  months,  which  is  taken 
as  the  irrigation  season.  The  period  of  operation  is  given  in  number  of 
24-hour  days  that  the  pumping  plant  is  operated  each  month.  These  days 
need  not  be  consecutive;  for  instance,  if  the  operation  period  is  10  days,  instead 
of  applying  6  ins.  of  water  in  one  irrigation  lasting  10  days,  the  soil  may  be  so 
porous  and  gravelly  that  it  will  not  retain  the  moisture,  in  which  case  it  may 
be  preferable  to  apply  3  ins.  at  a  time  in  two  irrigations  during  the  months. 
cd  five  days  each.  The  required  pump  capacity  is  givrai  in  U.  S.  gallons  per 
minute. 

The  capacity  of  pumps  for  smaller  or  greater  depths  of  water  applied  per, 
month  can  be  easily  computed  by  proportion  from  the  values  given.  For 
different  areas  and  different  periods  of  operation  the  capacity  may  be  obtained 
by  interpolation. 

Tabi^  XXVII. — Nbcessart  Capacttt  of  Pumps  in  U.  S.  GALiiONs  per  Minutb 
TO  GrvB  A  6-INCH  Depth  of  Water  on  the  Land  Each  Month  When 
Operated  the  Following  Number  of  24-hour  Days  Each  Month 

Area,  acres  30  dajrs   20  days    15  days      10  days      5  days      X  day 

5 19  28  38  56  113  563 

10 37.5  66.25         76  112.5  225  1.125 

15 57  85  113  170  340  1.690 

20 75  113  150  225  450  2,250 

30 113  169  225  338  675  3.375 

40 150  225  300  450  900  4,500 

60 226  338  450  675  1,350  6,750 

80 300  460  600  900  1,800  9,000 

120 450  675  900  1,350  2,700  13,500 

3.  Kind  of  Pump. — The  kinds  of  pump  commonly  used  to  raise  water  for 
irrigation  are:  (1)  centrifugal  pumps,  (2)  power  plunger  pimips,  (3)  deep  well 
punqw,  (4)  air  lift  pumps,  (5)  hydraulic  rams.  Where  the  source  of  water 
supply  is  a  surface  body  of  water,  either  a  centrifugal  pump,  a  power  plunger 
pomp  or  a  hydraulic  ram  will  be  used;  where  the  source  of  water  supply  is 
ground  water  developed  by  wells,  usually  either  a  centrifugal  pump,  a  deep 
well  pump,  or  an  air  lift  pump  will  be  used  and  in  some  cases  a  power  plunger 
pump.  For  deep  wells  usualy  the  vertical  centrifugal  pump  placed  in  a  pit 
or  an  air  lift  pump  is  used.  Hydraulic  rams  are  used  for  small  quantities  of 
water  suc^  as  for  domestic  purposes  or  for  irrigation  of  small  pieces  of  land. 
They  are  economical  in  operation,  but*  require  special  conditions  such  as  a 
nearby  stream  or  cuial  with  sufficient  fall  in  a  short  distance. 
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Centrifugal  Pumps. — A  centrifugal  pump  ccmsists  of  a  circular  casing  with 
the  inlet  or  suction  end  connected  to  the  center  and  the  outlet  or  dischaige 
end  formed  tangent  to  the  perimeter.  Inside  the  casing  is  the  runner  or 
impeller  keyed  on  the  shaft  and  revolving  with  it.  It  is  formed  of  curved 
vanes  closely  fitting  the  casing.  There  are  two  general  types:  First  the  hori- 
zontal centrifugal  pump,  which  has  a  horizontal  shaft;  second,  the  vertical 
centrifugal  pump  with  a  vertical  shaft.  When  in  operation  the  impeller  by 
revolving  imparts  a  velocity  to  the  water  between  the  vanes  and  forces  it 
away  from  the  center  of  the  casmg  towards  the  perimeter  of  rim  of  the  casing 
through  the  outlet  and  up  the  discharge  pipe.  This  produces  a  partial 
vacuum  at  the  center  of  the  impeller,  which  induces  a  flow  through  the  suc- 
tion pipe  into  the  casing.  The  number  of  revolutions  of  the  runner  or  speed 
of  the  pump  has  an  exact  relation  to  the  head  or  lift  against  which  the  pump 
is  working  and  for  every  head  there  is  a  speed  for  which  the  pump  works 
most  efficiently.  This  speed  can  be  obtained  from  the  pump  manufacturers. 
It  is  important  that  -the  pinnp  be  connected  to  an  engine  or  motor  which  will 
give  it  the  proper  speed.  Over-speeding  is  preferable  to  underspeeding,  but 
either  reduces  the  pump  efficiency. 

Simple  centrifugal  pumps  specially  designed  and  driven  at  a  sufficiently 
high  rate  of  speed  may  be  used  for  lifts  considerably  over  100  ft.,  but  usually 
the  stock  pump  obtainable  from  the  manufacturers  is  not  suitable  for  lifts 
over  75  ft.,  and  for  the  smaller  sizes  the  total  lift  should  not  exceed  50  ft. 
For  higher  lifts  compoimd  ot  multi-stage  centrifugal  pumps  are  used.  These 
consist  of  two  or  more  pumps  connected  m  series,  the  discharge  of  the  first 
pump  or  stage  is  delivered  into  the  suction  of  the  next  pump  and  the  operation 
is  repeated,  according  to  the  number  of  stages.  Usually  75  ft.  to  125  ft.  is 
allowed  to  each  stage.  When  the  required  capacity  of  the  pumps  is  over 
100  or  150  gals,  per  minute  and  the  total  lift  less  than  75  ft.  the  ooitiifugal 
pump  is  no  doubt  the  best  adapted. 

Centrifugal  pumps  are  usually  denoted  by  a  number  which  represents  the 
diameter  of  the  discharge  in  inches.  The  efficient  capacity  of  each  size  will 
vary  to  some  extent  with  the  speed  of  the  pump,  which  depends  on  the  total 
lift  pumped  against.  The  pumps  can,  therefore,  not  be  rated  accurately. 
The  capacities  given  in  Table  XXVIII  are  worked  out  from  the  ratings  given 
by  a  reliable  pump  manufacturer  and  are  subject  to  considerable  vaiiaticms 
either  above  or  below  the  values  given. 

Table  XXVIII. — Capacities  of  Centrifugal  Pumps 

Nimiber  of  acres  irrigated  6  in.  deep 
each  month  for  operation  period 

■ diiring  the  month  of^ 

30       20       15       10         5  1 

days  days  days  days  days  day 

27       18       13         9       4H 


No.  of  pump 

or  diameter  Capacity  in 

of  discharge  U.  S.  gallons 

in  ins.  per  min. 


2 

3 

3H 
4 
5 
6 

7 
8 


100 
150 
225 
300 
400 
700 
900 
1.200 
1,600 


Capacity  in 

second-feet, 

or  acre-inch 

per  hr. 

0.22 
0.33 
0.50 
0.66 
0.90 
1.60 
2.00 
2.70 
3.50 


40 

60 

80 

110 


27 
40 
53 
71 


190     127 


20 
30 
40 
55 
95 


13       6H 

20  10 

27  13 

36  18 

63  32 

80  40 


240  160  120 

320  213  160  107  54 

430  287  215  143  72 


3~ 

8 

lOH 

14>2 


o 

o 


To  start  a  centrifugal  pump  the  suction  pipe  and  the  pump  must  be  flUed 
with  water  or  primed.  This  may  be  done  by  closing  the  discharge  pipe  with  i^ 
check  valve  and  connecting  the  suction  end  of  a  hand  pump  to  the  top  of  tlie 
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culiig.  Wbere  a  Bteun  eii^ne  ia  used,  a  ateuit  ejactor  mo;  take  the  place 
of  the  hand  pump.  For  small  pumpe  and  low  llftB  a  loot  valee  on  the  end  ot 
the  Biictlon  pipe  may  be  uaed  and  the  pump  primod  by  pouiinff  water  la  the 
caalnc  or  Bucclon  pipe.  Tbe  disadvantage  ol  a  foot  Talve  Is  that  \t  tbe  water 
Is  not  cleoi  a  small  stone  or  (wig  may  lodge  Itself  \a  the  toot  valve  and  prevent 
priming.  Thi?  will  necessitate  that  the  suction  idpe  be  uncoupled  and  the 
obstruction  removed. 

Tbe  pump  must  be  placed  as  near  aa  poaafble  to  tbe  water  level  to  keep  the 
suction  lift  down.  While  theoreticall;  the  suction  hft  may  be  aa  great  as 
33  ft.  at  sea  level  and  about  30  ft.  at  an  elevation  of  3000  ft.,  it  is  deehvble  not 
to  exceed  20  ft.,  and  less  is  preferable.  The  horlzoctal  centrifugal  pump  Is 
preferable  where  the  depth  from  the  ground  surface  to  the  water  plane  Is  not 
large.  But  where  tbe  depth  la  large,  it  Is  neceesary  to  place  tbe  pump  to  a 
deep  pitt  in  which  case  either  the  vertical  centrifugal  pump  or  a  deep  well 
pump  ia  generally  used.  A  horizontal  shaft  centrilugal  pump  is  usually  more 
eflAdent  than  a  vertical  cenlrihigal.  and  It  ellmtnstes  the  end  thniat  of  the 
shaft  obtained  with  the  vertical  shaft  which  la  difficult  to  balance  properly. 
During  tbe  past  tew  years  a  new  type  of  vettkal  centrifugal,  commonlj' 
named  turbine  cebtrlfugal  pump,  has  been  developed  for  pumping  from  deep 
wells  without  the  necessity  of  a  pit.  These  pumps  are  Installed  Inside  the 
casing  of  bored  wella  12  to  30  Ins.  In  diameter. 

The  plant  efficiency  can  be  Increased  by  reducing  the  friction  in  the  suction 
and  discharge-  Aa  few  bauts  as  possible  should  be  used  and  those  should  be 
made  by  using  long  turn  elbows.  The  suction  and  discharge  plpee  should  be 
larger  than  the  Intake  and  outlet  openings  ot  the  pumps  and  Joined  to  the 
pump  with  an  Incresser.  The  diameter  of  the  auction  pipe  and  especially 
of  the  discharge  pipe  should  be  1>^  tlinea  the  diameter  ot  the  Intake,  and 
it  the  discharge  pipe  is  long  it  may  be  economy  to  make  the  diameter  even 
larger.  Where  the  source  of  water  supply  is  a  surface  body  of  water,  enlarging 
the  lower  end  ot  the  suction  pipe  will  further  decrease  the  trietloD,  This 
may  be  done  by  a  tunnel-ahaped  section  whose  length  ia  about  three  times  the 
dlaineter  ot  the  auction  pipe  and  whose  large  end  la  about  1^  timea  the 
diameter  of  the  pipe.  The  larger  opening  at  the  entrance  to  the  auction  pipe 
wUI  decrease  the  tendency  to  suck  up  sand  or  gravel.  When  the  water  carries 
weeds,  gravel  or  other  material  a  strainer  should  be  used  and  the  total  area  of 
the  strainer  should  be  at  least  twice  the  area  of  the  suction  pipe.  The  dis- 
charge pipe  should  not  cari;  the  water  any  higher  than  necessary. 

PoiccT-  Fiilon  or  Planser  Pumpj, — This  type  (rf  pump  Is  used  where  the  water 

Is  obt^ned  from  a  surface  source  or  where  the  water  plane  Is  jiear  tbe  surface 

ot  Uie  ground  and  the  lift  to  tbe  point  of  delivery  Is  large.     It  consiata  of  one 

I     or  more  cylinders,  In  eadt  one  ot  which  a  piston  or  plunger  moving  backwards 

1     aod  forwards  sucks  the  valer  into  tbe  cylinder  and  forcea  It  up  tbe  discharge 

pipe.    When  tbe  cylinder  has  only  one  suction  valve  and  one  discharge 

I     Tilve,  the  motion  of  the  iriston  In  ooe  direction  causea  auction  and  the  dis- 

[     l>lacement  In  the  oppo^te  direction  toicee  the  water  through  the  discharge 

I     p^.    With  two  sets  ot  valves  ao  arranged  that  there  Is  a  diacharge  for  each 

disptacement  of  the  piston,  tbe  pump  Is  known  aa  a  double  acting  pump. 

When  the  pump  haa  two  cylinders,  it  Is  known  aa  B  duplei  pump,  with  three 

cjUndeis  It  is  a  triplet  pump,  and  In  either  case  may  be  either  double  acting 

ot  ilugle  acting.    The  cylinders  with  the  driving  gears  or  pulleys  are  assembled 

together  and  built  at  a  height  above  the  wat«'  plane,  which  must  not  exceed 

tile  auction  lift. 
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The  capacity  of  the  pump  will  depend  on  the  diameter  of  the  cylinder,  the 
length  of  the  stroke  of  the  piston,  and  the  nimiber  of  strokes  or  revolutions  per 
minute.  The  capacities  of  a  few  sizes  of  double  acting,  single  piston  punq», 
single  acting  triplex  pumps  and  of  double  acting  duplex  piunps  are  as  f<^o^: 

Capacity  of  Doublb  Actinq,  Sinqlb  Piston  Pump 


Diameter 

Revolutions 

of  water 

Length  of 

or  strokes              U 

.  S.   ^Is 
per  min. 

cylinder  ins. 

stroke,  ins. 

per  min.                ] 

3 

5 

40 

12.4 

4 

5 

40 

21.6 

5 

5 

40 

34 

6 

6 

40 

58 

7 

6 

40 

80 

8 

6 

40 

104 

Capacity  op 

BmoLB  Acting, 

Tbiplbx  Piston  Pumi 

» 

3 

4 

50 

18 

4 

4 

50 

32 

4 

6 

50 

50 

5 

6 

50 

76 

5 

8 

45 

91 

6 

8 

45 

131 

7 

8 

45 

180 

7 

10. 

42 

210 

8 

10 

40 

270 

8 

12 

40 

310 

9 

10 

40 

340 

Capacity 

op  Doublb  Actinq,  Duplex  Pumps 

^H 

4 

75 

20 

3 

4 

75 

36 

3H 

6 

60 

58 

4 

6 

60 

78 

5 

6 

60 

120 

6 

6 

60 

174 

5 

10 

50 

170 

6 

10 

50 

245 

7 

10 

50 

334 

8 

12 

50 

522 

9 

12 

50 

660 

The  sizes  of  pumps  and  the  capacities  vary  with  the  different  manufac- 
turers. The  values  stated  above  show  the  approximate  range  of  the  different 
sizes.    For  small  capacities  the  double  acting  single  piston  pump  may  be  used. 

Deep  Well  Pumps. — These  pumps  are  used  where  the  water  plane  it  at 
large  depths  below  the  ground  surface.  A  deep  well  pump  consists  of  a  brass 
cylinder  in  which  operate  two  plungers  with  valves.  The*  lower  plunger  Is 
connected  to  a  solid  rod  which  fits  into  a  hollow  rod  to  which  the  upper 
piston  is  connected.  The  plungers  are  so  operated  by  the  driving  power  that 
the  pump  is  double  acting,  one  plunger  moving  up  while  the  other  moves 
downwards,  so  that  there  is  a  continuous  discharge.  Above  the  cylinder  and 
connected  to  it  is  the  vertical  discharge  or  column  pipe  into  which  discharses 
the  water  passing  through  the  valves  in  the  plunger.  The  cylinder  is  about 
2  ins.  smaller  in  diameter  than  the  well  casing  and  the  delivery  pipe  about  1  in. 
less;  the  cylinder  and  delivery  pipe  are  both  lowered  into  the  well  imtil  the 
plungers  are  under  water.  At  the  surface  the  driving  power  and  ciicuUkr 
motion  of  the  belt  of  the  engine  is  transmitted  to  the  driving  rods  by  means  <tf 
gears  and  levers  combined  into  a  power  head  designed  to  produce  overlapping 
strokes,  so  as  to  eliminate  to  some  extent  the  pulsations  which  are  further 
decreased  by  an  air  chamber.    The  sizes  range  from  6-in.  cylinders  aoid. 
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28-in.  stroke  to  16-in.  cylinders  and  36-ln.  stroke.  The  number  of  strokes 
ranges  from  16  to  24  per  minute,  depending  on  the  lift  and  the  size.  The 
maximum  lift  is  350  ft.  The  capacity  ranges  from  about  1 1&  gals,  per  minute 
to  a  maximum  of  1000  gals,  for  the  largest  pump  with  extra  long  cylinder. 
Air  Lift  Pumping  PianU. — ^Air  lift  or  compressed  air  pimiping  plants  consist 
of  one  or  more  air  lift  pumps.  The  air  compressor  with  receiver  and  motive 
power  and  the  necessary  piping  to  deliver  the  compressed  air  from  the  receiver 
to  the  pumps.  Each  pump  consists  of:  (1)  the  discharge  pipe,  which  is  snuiiler 
than  the  well  casing  and  is  placed  inside  of  it,  extending  below  the  water  sur- 
face to  a  depth  equal  to  IK  to  2  times  the  lift  measured  from  the  water  sur- 
face; (2)  the  air  pipe,  which  is  usually  inside  the  discharge  pipe,  but  may,  if  the 
well  is  enough  larger  than  the  discharge  pipe  to  so  permit,  be  placed  outside 
and  connected  at  the  lower  end  of  the  discharge  pipe  by  means  standard 
fittings  or  special  castings;  (3)  the  foot  piece,  which  is  a  special  casting  connect- 
ed to  the  lower  end  of  the  air  pipe  and  so  designed  to  admit  the  air  evenly  in 
small  bubbles.  There  are  various  designs  of  patented  foot  pieces,  but  there 
is  little  difference  in  their  efficiency;  (4)  the  tail  piece  which  forms  a  slightly 
enlarged  extension  of  the  lower  end  of  the  discharge  pipe  below  the  foot 
piece.  The  air  is  delivered  through  the  foot  piece  at  pressures  varying  accord- 
ing to  the  lift  and  the  ratio  of  diameters  between  air  pipe  and  water  pipe, 
and  its  expansion  and  displacement  produces  the  lifting  power.  The  relation 
between  the  volimie  of  lUr  supplied  and  the  volume  of  water  pumped  for 
different  lifts  has  been  found  by  experiment  to  be  as  follows: 


Head  in  feet 

.p^  .      Cubic  feet  of  air 

Cubic  feet  of  water 


10 

20 

30 

50 

100 

1.0 

1.6 

2.0 

2.5 

3.0 

The  velocity  of  water  in  the  discharge  pipe,  based  on  the  volume  of  water 
pumped  should  not  exceed  5  ft.  per  second  in  order  to  keep  down  friction 

XfJEyovD* 

The  comi»essor  may  be  direct  connected  to  a  steam  engine  or  gasoline 
engine  or  may  be  connected  by  means  of  belts,  gears,  etc.,  to  the  driving 
power  which  may  be  a  steam  engine,  a  gasoline  engine  or 'electric  motor.  The 
compressed  air  passes  from  the  air  cylinder  to  the  receiver,  which  is  used  to 
store  the  air  and  equalize  the  pressure.  From  the  receiver  the  air  is  conducted 
through  pipes  to  each  well. 

The  efficiency  of  the  plant  when  properly  installed  as  calculated  from  the 
ratio  of  actual  water  horse-power  to  the  indicated  horsepower  in  the  cylinder  | 

at  the  raigine  is  generally  between  20  and  30  per  cent.    Air  lifts  are  best  j 

adapted  for  pumping  from  several  wells  not  farther  apart  than  one-half  mile  i 

and  where  the  wells  are  sufficiently  deep  to  allow  proper  submergence. 

Hydraulic  Rama. — ^The  hydraulic  ram  works  on  the  principle  that  a  large 
Tohnne  of  water  falling  through  a  low  head  will  pump  a  smaller  volume  of 
water  through  a  high^  head.  The  ram  consists  of  the  valve  box  and  air 
vess^,  the  supi^  or  drive  pipe  which  connects  the  valve  box  with  the  source 
of  supply  and  the  delivery  or  discharge  pipe  which  connects  the  air  vessel 
with  the  point  of  delivery.  The  efficiency  of  tiie  plant  is  J&  «  qh/QH  where 
q  «  volume  of  disduu^  water,  h  »  discharge  head  in  feet  above  ram, 
Q  »  v(dunie  of  drive  water,  H  <-  drive  head  in  feet.  For  best  results  the 
ra^  of  the  length,  of  drive  pipe  to  tiie  length  of  drive  head  should  not  exceed 
2.5;  but  it  is  practicable  to  increase  this  ratio  to  25  and  use  a  drive  pipe  1000 
ft.  long.    The  delivery  head  may  be  anything  up  to  about  250  ft.  and  the 


I 


1 1 


600  HANDBOOK  OF  CONSTRUCTION  COST 

diiye  head  anything  above  18  Ins.  The  efficiency  diminishes  as  the  ratio  of 
delivery  to  drive  head  increases.  With  this  ratio  as  great  as  30  to  1  the  effi- 
ciency will  not  be  over  20  per  cent;  with  a  ratio  not  greater  than  4  to  1  the 
efficiency  may  be  as  high  as  75  per  cent.  Rankine  gives  the  following  equa- 
tion to  determine  the  efficiency  for  varying  ratios  of  drive  head  to  discharge 


head:  E  -  1.12 


-  -Wi- 


Hydraulic  rams  are  usually  limited  to  small  quantities  of  water.  A  notable 
example  of  a  large  plant  for  irrigation  purposes  is  one  installed  at  Sunnyside, 
Wash.,  for  the  irrigation  of  240  acres  of  land.  The  plant  was  installed  by  the 
Columbia  Steel  Works  of  Portland,  Ore.,  and  consists  of  eleven  6-iii.  rams, 
with  a  common  discharge  cylinder  emptying  into  a  10-in.  wood  stave  discharge 
pipe.  The  plant  is  used  to  irrigate  150  acres  under  105  ft.  lift  and  90  acres 
under  144  ft.  lift.  The  lifts  are  measured  from  rams.  The  drive  head  is  38  ft. 
and  the  drive  water  5  sec.  ft.  The  plant  was  furnished  under  guarantee  to 
deliver  .75  sec.  ft.  at  higher  outlet.    The  cost  of  plant  is  as  follows: 

Eleven  6-in.  rams  and  3,212  ft.  of  wrought  iron  drive  pipe $3,200 

1,900  ft.  of  10-in.  wood  discharge  pipe 608 

Installation,  complete 2,000 

Total  cost $5,808 

No  maintenance  except  two  visits  per  day  to  clear  weeds  out. 

An  efficiency  test  gave  the  following  results:    H  »  37.6;  A  *  144.1;  Q  »  6.25; 
q  -  1.15 

w  -  115  X  144.1 
"    6.26  X  37.6 

Adaptability  of  the  Several  Types  of  Pumps  for  Small  Pumping  Plants. — 
Where  the  source  of  water  supply  is  a  stream  or  surface  body  of  water,  the 
choice  is  usually  between  a  power  pump  and  a  centrifugal  pump  and  will 
depend  largely  on  the  lift  and  capacity.  Power  pumps  are  best  adapted  to 
high  heads  above  75  ft.  and  to  small  or  moderate  volumes  of  water,  usually 
under  200  gals,  per  minute.  For  these  conditions  the  efficiency  of  a  power 
pimip  is  usually  greater  than  that  of  a  centrifugal  piunp.  For  greater  volumes 
the  plunger  pumps  are  comparatively  expensive  and  centrifugal  pumps  are 
usually  preferable  unless  the  lift  is  excessive.  The  centrifugal  pump  has  the 
advantage  that  it  is  simple  in  construction  with  no  parts  to  get  out  of  order, 
and  that  it  is  cheaper  than  a  power  pump. 

Where  the  source  of  water  supply  is  ground  water  with  the  water  table  in  the 
weU  at  a  depth  below  the  surface  not  much  greater  or  less  than  the  limit  of 
suction,  lift,  so  that  a  deep  pit  is  not  necessary,  then  the  choice  is  between  a 
centrifugal  pump,  a  power  pump  and  an  air  lift  pump.  The  selection  bet-ween 
the  centrifugal  and  power  pump  will  depend  on  a  consideration  of  lift  and 
capacity  as  explained  above.  Air  lift  plants  have  low  efficiency,  require  a 
depth  of  well  below  the  water  table  equal  to  about  twice  the  lift  measured 
from  the  water  table  and  are  hardly  to  be  considered  in  connection  with  sepa- 
rate small  pumping  plants.  They  are  best  adapted  to  a  large  number  of  -wells 
(at  least  six  or  preferably  more)  placed  close  together. 

Where  the  source  of  water  is  groimd  water  developed  by  deep  wells  witb  the 
water  table  at  a  large  depth  below  the  surface  (50  to  200  ft.  or  more)  the 
choice  is  between  a  vertical  centrifugal  pump  in  a  pit  and  a  deep  well  pump 
which  eliminates  the  pit.  Deep  well  pumps  are  best  adapted  where  the  lift  is 
in  excess  of  100  or  150  ft.  and  for  wells  that  do  not  yield  more  than  about  400 
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gals,  per  minute.    Their  efficiency  is  greater  than  that  of  centrifugal  pumpe, 
but  the  cost  of  repairs  and  depreciation  is  greater. 

The  selection  should  be  made  only  after  careful  consideration  of  the  first 
cost  of  the  pump  and  the  annual  cost  of  fuel,  operation  and  maintenance. 
Where  the  lift  is  high,  the  fuel  cost  will  be  considerable  and  it  is  good  economy 
not  to  s^ect  the  cheapest  pump  obtainable,  but  one  that  is  guaranteed  for  its 
Efficiency.  On  the  other  hand,  if  the  pump  is  to  be  operated  only  during  a 
Tery  small  portion  of  the  season,  it  would  be  poor  economy  to  Invest  a  laige 
capital  in  a  high-grade  pumping  plant  to  save  in  fuel  cost. 

4.  Claaaes  of  Engines  or  Driving  Power.  Methods  of  Connection  of  Pump 
with  Engine. — The  driving  power  is  generally  ^ther  gasoline  engine,  steam 
engine,  or  electric  motor. 

Centrifugal  pumps  are  usually  either  direct  connected  (except  for  varying 
low  heads)  or  connected  by  means  of  belt,  gears,  or  chains.  Power  piunps  are 
connected  by  belts  or  gears.  Direct  connection  is  preferable  when  possible; 
it  is  more  efficient  and  eliminates  the  adjustment  of  belt  or  chain  necessary 
with  belt  or  chain  driven  pumps.  The  connection  of  these  pumps  and  driving 
power  must  be  such  that  the  pumps  will  be  given  the  speed  or  number  of 
revolutions  per  minute  for  whic^  they  are  designed  and  for  which  the  highest 
efficiency  is  obtained.  For  this  reason  direct  connection  can  only  be  used 
where  the  driving  power  and  the  pump  have  the  same  speed.  The  speed  of 
centrifugal  pumps  is  usually  high;  so  is  that  of  electric  motors;  and  for  this 
reason  they  can,  if  properly  designed,  be  direct  connected.  This  is  done 
usually  by  means  of  a  flexible  coupling.  Gasoline  and  steam  engines  are 
generally  operated  at  a  much  lower  speed  than  centrifugal  pumps,  and  for  that 
reason  are  not  direct  connected  imless  the  engine  and  pump  are  specially 
designed.  This  is  done  by  some  manufacturers.  Power  plunger  pumps 
are  operated  at  a  low  speed,  and  for  that  reason  are  not  direct  connected  to  the 
driving  power.  When  connected  by  gears,  belts  or  chains,  the  driving  gear 
and  driven  gear,  or  the  driving  pulley  and  driven  pulley  must  be  so  propor- 
tioned that  the  pump  will  be  given  its  correct  speed.  When  a  plunger  pump 
is  built  with  steam  engine  in  a  single  machine,  with  the  piston  or  plunger  of  the 
water  cylinder  on  the  same  driving  rod  as  the  idston  of  the  steam  cylinder, 
it  is  called  a  direct  acting  steam  pump.  The  fuel  consumption  of  a  steam 
pump  is  greater  than  that  of  a  steam  driven  power  pump  and  for  that  reason 
steam  pumps  are  not  considered. 

Deep  well  pimips  are  usually  equipped  with  gears  and  levers  combined  and 
connected  with  the  driving  rods  of  the  pump,  forming  what  is  called  the  pump 
head,  the  object  of  which  is  to  convert  and  transmit  the  circular  motion  of  the 
driving  poww  to  the  driving  rods  of  the  pump.  The  engine  or  motor  is  usually 
connected  to  the  pump  head  by  belts,  but  may  be  connected  by  means  of  gears. 
In  some  cases  steam  heads  are  provided  in  the  place  of  the  pump  head. 

Capacity  of  Engine. — The  power  necessary  to  life  water  is  indicated  in 
horsepowers.  A  horse  power  represents  the  energy  required  to  lift  33,000 
lbs.  1  ft.  high  in  one  minute:  this  is  equivalent  to  3960  gals,  of  water  per  minute 
rateed  1  ft.  high.  This  relation  enables  one  to  find  the  net  horsepower  required 
in  any  case  by  multiplying  the  discharge  of  the  pump  in  gallons  per  minute 
by  the  total  lift  in  feet  and  dividing  by  3960.  The  result  obtained  represents 
the  useful  water  horsepower  necessary  to  lift  the  water.  The  horsepower 
delivered  by  the  engine  to  the  belt  or  gears  when  the  pump  is  belted  or  geared 
to  the  engine,  or  to  the  pump  itself  when  direct  connected  is  the  brake  horse- 
power, and  must  be  greater  than  the  useful  water  horse  power  to  ?^11qw  for  the 
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loss  of  energy  in  the  pump  and  transmisson.  The  horsepower  developed 
within  the  engine  itself  is  the  indicated  horsepower,  and  must  be  greater  than 
the  brake  horsepower  to  allow  for  the  energy  loss  in  the  engine  itself.  Gasoline 
engines  and  motors  are  rated  on  brake  horsepower,  but  gasoline  ^igines  are 
frequently  over-rated.  Steam  engines  are  rated  on  indicated  horsepower. 
The  combined  efficiency  of  a  pumping  plant  represents  the  ratio  of  the 
useful  water  horsepower,  to  the  rated  horsepower  of  the  engine,  and  will  vary 
considerably  with  the  type  of  pump,  method  of  connection  of  engine  with 
pump  and  the  care  taken  in  opeiating  both  pump  and  engine  at  the  proper 
speed.  In  ordinary  field  practice  a  good  pumping  plant,  properly  installed, 
should  easily  reach  the  efficiency  given  in  Table  XXIX: 

Table  XXIX. — Efficiency  of  Centrifugal  Pumping  Plants  and  Brakx 

Horsepower  Per  Foot  of  Lift 

No.  cen-  Discharge,  Water 

trifugal  U.  S.  gals.  h.p.  per         Efficiency,         Brake  h.p. 

pump  per  min.  ft.  of  lift  pet.  per  ft.  mt 

2     100                   .025  30  .081 

2H 150                   .038  35  .11 

3 225                   .057  40  .14 

3H  300                   .08  45  .18 

4 400                   .10  45  .22 

5 700                   .17  50  .34 

6 900                   .23  50  .46 

7 1,200                   .31  50  .62 

8 1,600                  .41  65  .75 

The  efficiency  of  power  plunger  pumps  varies  with  the  sisse  of  the  pump  and 
with  the  lift.  A  greater  efficiency  is  obtained  with  the  higher  lifts  and  with  the 
larger  sizes.  The  efficiencies  of  properly  installed  plunger  pumps  and  the 
horsepower  for  various  lifts  are  given  in  Table  XXX. 

Table  XXX, — Brake  Horsepower  Required  to  Operate  Plungbr  Pumps 

Diam- 
eter of  Length  of  Capacity  in 

cylinder  stroke  U.  S.  gals.  — Efficiency  and  brake  hp.  for  lifts  of — 

ins.  ins.  per  min.  50  ft.  100  ft.  150  ft.  200  ft.  250  ft. 

o  A  ifi        /E.  0.30  0.40  0.42  0.45       0.45 

^  *  1^        IHp.  0.75       1.1         1.6  2.0         2.5 

A  A  Qo        JE.  0.35  0.50  0.60  0.66       0.65 

^  ^  a2        <gp  12         1.5  2.0  2.5         3.1 

A  A  Kn        JE.  0.35  0.50  0.60  0.65       0.65 

^  o  W        <gp  19  2.5  3.1  4.0         4.8 

-  rt  »«  JE.  0.40  0.55  0.65       0.70  0.70 
^  **  '**  \Hp.  2.4  3.5  4.4         5.5         6.7 

-  e  Qrt  /E.  0.40  0.55  0.65      0.70  0.72 
*  ^  ^  \Hp.  2.8  4.1         5.2         6.5         7.8 
rt  e  tot  JE.  0.45  0.60  0.65      0.70  0. 72 
®  ^  ^"^^  \Hp.  3.6  6.6        7.6        9.3  11.4 

-  fi  lan  jE.  0.45  0.60      0.65      0.70       0.72 
'  **  *^  iHp.  5.0  7.5  10.5  13.0  15.5 
f  tn  910  /E.  0.50  0.65      0.70      0.75       0.78 
'  *"  ^^^  \Hp.  5.26  8.0  11.0  14.0  17.0 
fi  1A  97ft  jE.  0.50  0.65      0.70      0.75       0.78 
8  10  ^U  <Hp  5  75  10  25  14.50  18.25  22.1 

a  in  ^ft        /E.         0.50      0.65      0.70      0.75       0.78 

^  ^"  "^^        \Hp.      8.5       13.0       18.0       23.0       28.0 

The  plant  efficiency  of  deep  well  pumping  plants  as  ordinarily  installed  and 
operated  was  found  from  measurements  made  in  a  number  of  pumping  plants 
in  southern  Calif omla  to  be  from  35  to'  55  per  cent.  With  proper  installation 
and  operation  the  plant  efficiency  or  ratio  between  useful  water  horsepower 
and  brake  horsepower  should  be  from  50  to  65  per  cent. 
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The  plant  effidency  of  air  lift  pumps  expressed  as  the  ratio  between  the 
useful  water  horsepower  and  the  Indicated  horsepower  in  the  engine  cylinder 
was  found  from  test  on  a  niunber  of  such  plants  in  southern  California  to 
average  a  little  less  than  20  per  cent. 

Type  of  Engine. — Tables  XXIX  and  XXX  will  give  the  size  of  the  engine. 
The  driving  power  must  be  either  a  gasoline  engine,  steam  engine,  or  electric 
motor.  The  methods  of  connecting  the  engine  with  the  pump  have  been 
already  considered.  Other  factors  being  equal  direct  connection  is  preferable 
when  possible. 

For  small  plants  irrigating  a  few  acres,  the  steam  engine,  although  very 
r^able,  is  not  so  commonly  used  as  the  gasoline  engine  except  where  coal  or 
oil  is  very  cheap  as  compared  to  gasoline.  However,  for  larger  areas  and 
where  coal  or  oil  is  cheap,  it  may  be  cheaper  than  either  a  gasoline 
engine  or  electric  motor.  For  large  plants  operated  continuously  it  may 
be  economy  to  install  an  efficient  boiler  aAd  a  high  grade  compound 
condensing,  triple  expansion,  or  quadruple  expansion,  steam  engine,  in 
order  to  decrease  the  fuel  cost.  For  amall  plants  operated  only  for  short 
periods  during  the  irrigation  season  it  is  much  more  important  to  decrease 
the  cost  of  installation.  The  interest  on  the  capital  invested  and  the  depre- 
ciation of  the  plant  are  very  Important  items  of  cost  as  compared  to  the 
fu^  cost.  For  these  reasons,  unless  the  acreage  is  large  and  the  lift  very 
high,  the  steam  plant  will  consist  of  a  semi-portable  locomotive  type  boiler 
and  an  ordinary  slide  valve  steam  engine. 

5.  First  Coat  of  Plant. — The  first  cost  of  a  pumping  plant  depends  on  the 
grade  of  machinery,  the  cost  of  transportation,  the  expense  of  installation. 
Because  of  these  factors  accurate  estimates  of  cost  cannot  be  given.  However, 
the  approximate  cost  values  given  below  in  Tables  XXXI,  XXXII  and 
XXXIII  will  be  of  value  to  the  land  owner  who  is  considering  the  feasibility 
of  a  pumping  plant.  The  values  given  represent  the  prices  at  the  factory  and 
do  not  include  transportation  and  installation. 


Tabli  XXXI.- 

-Appboximatb 

Cost  of  Single  Stags  Cbntbitugal  Pump 

No.  oi  pump                  Capacity  in  gals,  per  min.                   Cost 

2 

100                                      S  42 

2H 

150                                         51 

3 

225                                           67 

3H 

300                                           65 

4 

400                                           75 

5 

700                                           85 

6 

900                                         115 

7 

1,200                                         145 

8 

1.600                                         170 

The  cost  of  two  step  centrifugal  pumps  of  the  same  sizes  will  be  about  four 
times  the  values  given  above. 

Tabjlb    XXXII. — ^Appboximatb   Cost  of  Tbiplbx   Singlb   Acting  Powbb 

Pump 


Diameter  of 

Length  of 

Capacity  in 

Height  of 

water  cylinder  stroke  in  ins. 

gals. 

per  min. 

lift,  ft. 

Cost 

4 

8 

65 

75  to  100 

$17 

5 

10 

130       - 

100 

250 

5 

12 

220 

100 

340 

4 

6 

48 

175 

225 

5 

8 

91 

175 

325 

7 

8 

180 

175 

450 

8 

10 

270 

175 

700 

8 

12 

310 

175 

760 
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Tablb  XXXIII. — AppBOxncATB  Cost  or  Elbctrio  Motobs  Qasounb  Engxnbb 
AND  Simple  Slide  Valve,  NoN-coNDENsmo  Steam  Engines,  with  Loco- 
motive BOILEB  AND  AXTXILIABIBS 

Cost  of  electric 
motors,  1,200  rev.       Cost  of  gasoline  Cost  of  steam 

Horsepower  per  minute  engines  engines 

2  $  70  

3  86  

5  110  $  375  $  500 

10  200  550  6^5 

15  230  700  800 

20  320  850  025 

25  360  1,000  1,000 

30            1,200  1,200 

40  450  1,600  1,350 

Cost  of  Accessories  and  Installation. — The  costs  given  in  Tables  XXXI, 
XXXII  and  XXXIII  are  for  the  pumps  and  engines,  and  do  not  Include  the 
accessories,  the  foundation,  the  labor  of  installation,  and  the  housing.  For  an 
electric  plant  the  cost  of  transformers  should  be  added  unless  these  are  supplied 
by  the  electric  company.  The  accessories  will  include  the  suction  and  dis- 
charge pipes,  the  valves  and  fittings,  the  priming  pump,  the  connection 
between  pump  and  engine.  The  suction  pipe  is  usually  made  of  steel;  the 
discharge  pipe  may  be  steel  or  wood  banded  pipe  and  should  cost  delivered  as 
given  in  table  XXXIV. 

Table  XXXIV. — Cost  of  Pipes  Safe  fob  150  Feet  Head 

Cost  per  foot  of  wood  Cost  per  foot  of  steel 

Diameter  of  pipe,  inches  banded  pipe  pipe 

4  S  .20  $  .30 

6  .30  .50 

8  .40  .80 

10  .55  1.10 

12  .65  1.35 

14  .75  1.60 

16  .95  2.00 

18  1.10  2.50 

20  1.44  3.00 

For  a  rough  estimate  the  total  cost  of  valves,  priming  pump,  all  fittings  and 
suction  pipe,  but  not  discharge  pipe,  may  be  taken  as  about  10  per  cent  of  the 
cost  of  pump  and  engine  for  a  gasoline  or  steam  plant  and  20  per  cent  for  an 
electric  plant.  The  cost  of  installation  should  not  exceed  5  per  cent.  The 
cost  of  a  building  to  hou.se  the  plant  will  range  from  about  $25  for  a  small  plant 
to  $100  or  more  for  a  larger  plant.  The  cost  of  transportation  and  hauling 
will  depend  on  the  railway  charge  and  on  the  distance  from  the  station  to 
point  of  installation. 

6.  Fuel  Consumption  and  Fuel  Cost. — The  selection  between  a  steam  eng;ine, 
gasoline  engine  and  an  electric  motor  will  depend  to  some  extent  on  the 
comparative  cost  of  coal,  gasoline  and  eletrical  energy. 

A  gasoline  engine  is  usually  guaranteed  for  a  fuel  consumption  of  j/g  gal. 
per  rated  or  brake  horsepower  per  hour.  A  new  engine  well  adjusted  will 
come  up  to  this  efiBlciency,  but  an  engine  that  has  been  operated  some  time 
will  consume  about  H  gal.  of  engine  gasoline  or  distillate  per  brake  horsepower 
per  hour. 

The  fuel  consumption  of  a  steam  engine  will  vary  greatly  on  the  type  of 
boiler  and  engine.    A  small  slide  valve  non-condensing  engine  under  26  hp. 
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will  use  probaldy  50  io  60  lbs.  of  steam  per  brake  horsepower  per  hour.  A 
looomotive  type  oi  boiler  should  give  5  or  6  lbs.  of  steam  for  1  lb.  of  coal  or 
about  0.6  lb.  of  oil.  Therefore,  a  small  steam  engine  imder  25  hp.  should 
consume  10  lbs.  of  coal  per  brake  horsepower  per  hour  or  about  6  lbs.  of  oiL 
Steam  engines  of  the  same  type  from  30  to  50  hp.  will  consume  from  8  to  5 
lbs.  qX.  coal  per  brake  hors^)ower  pw  hour  or  from  5  to  3  lbs.  of  oil. 

Electrical  energy  is  measured  in  kilowatts.  A  killowatt  is  equal  to  IH  hp., 
but  because  of  the  loss  of  energy  in  the  motor,  1  kilowatt  will  usually  give 
about  1.1  brake  horsepower.  Based  on  this  figure  1  brake  horsepower  hour 
is  equfd  to  Ho  of  a  kilowatt  hour. 

The  above  values  show  that  to  produce  1  brake  hors^Mwer  per  hour  requires 
either  >^  gal.  of  distillate,  about  10  lbs.  of  coal,  or  6  lbs.  of  oil,  or  Ho  of  a 
kilowatt  hour.  Based  on  these  figures  Table  XXXV  shows  the  cost  of  fuel 
per  brake  horsepower  per  hour  for  sev^al  equivalent  cost  values  of  fuel.  In 
the  taUe  is  also  given  the  fuel  cost  of  pumping  one  acre  foot  of  water  through 


Tablb  XXXV 

- 

■m 

.:~.1^^4.      m.-*i* 

V  «.%»4.  ^e 

«.._i 

_x_\ 

Cost  of 

Per  acre  foot  of 

Gasoline, 

Crude  oil 

electric, 

Per  brake  water  lifted  1  foot  high 

cents 

per  bbl. 

Coal  per 

cents  per 

hp.  per     50  per  cent  75  per  cent 

per  gaL 

(335  lbs.) 

ton 

K.W.  hour 

hour           emdonoy 

efficiency 

6 

$  .55 

$2.00 

•  ■  •  • 

1.00              2.76 

1.83 

8 

.75 

2.66 

•  •  •  • 

1.33               3.70 

2.45 

10 

.93 

3.33 

1.85 

1.66               4.60 

3.05 

12 

1.12 

4.00 

2.22 

2.00               5.50 

3.65 

14 

1.30 

4.66 

2.60 

2. 33               6. 40 

4.25 

16 

1.50 

5.33 

3.00 

2.66               7.30 

4.90 

18 

1.67 

6.00 

3. -33 

3.00               8.25 

5.50 

20 

1.85 

6.66 

3.70 

3.33               9.15 

6.10 

22 

2.05 

7.33 

4.10 

3.  66             10. 10 

6.70 

24 

2.25 

8.00 

4.35 

4.00             11.00 

7.35 

26 

2.42 

8.66 

4.80 

4.33             11.80 

7.95 

7.  Fixed  Charges  and  Attendance,  A.  Fixed  Charges. — The  cost  of  installa- 
tion represents  a  capital  which  if  invested  would  bring  in  an  income  repre- 
sNtted  by  the  interest.  It  is  therefore  necessary  to  consider  this  interest  as 
part  of  the  cost  of  operation.  To  this  should  be  added  the  annual  cost  of  repairs 
maintenance  and  renewal.  These  items  of  cost  represent  the  fixed  charges. 
After  six  or  eight  years  a  gasoline  engme  may  need  to  have  its  cylinder 
r^>ored  and  a  new  piston  provided,  the  cost  of  which  is  about  one-fourth 
the  cost  of  a  new  engine.  With  ordinary  care  the  life  of  a  gasoline  engine 
may  be  taken  as  10  years;  the  life  of  an  electric  motor  about  15  to  20  years. 
The  fiixed  charges  on  the  entire  plant  may  be  taken  as  follows: 


Gasoline 
engine 
plant 

DepreciatioD  and  renewal ^ 8% 

Repairs  and  maintenance 3 

Interest 6 


Steam 
Electric  engine  plant 
plant  (small) 

5% 

1 

6 


17% 


12% 


16% 


B.  Attendance. — ^An  electric  motor  requires  a  minimum  of  attendance, 
small  gasoline  plants  require  frequent  inspection,  and  steam  engines  require 
considerable  attention  and  usually  cannot  be  economically  used  for  small 
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plants  oi>eTated  during  short  periods.  The  cost  of  attendance  for  an  electric 
motor  pumping  plant  should  not  exceed  5  cts.  per  hour,  for  a  gasoline  engine 
plant  10  cts.  per  hour,  and  for  a  steam  engine  plant  30  cts.  per  hour.  While 
^ectric  motors  and  gasoline  engines  are  usually  operated  by  the  orchardlst 
or  irrigator,  his  time  is  valuable  and  a  charge  should  be  made  for  it. 

8.  Final  Selection  of  Type  of  Plant, — The  final  selection  of  a  pumi^ng 
plant  should  be  based  on  a  careful  consideration  of  the  factors  stated  above. 
The  best  size  of  plant,  the  period  of  operation,  the  kind  of  engine  or  driving 
power,  can  only  be  correctly  determined  by  a  final  consideration  of  a  cost 
of  installation  and  coat  of  operation.  Where  electric  power  is  available,  the 
choice  is  between  a  steam  engine,  a  gasoline  engine  and  an  electric  motor. 
The  electric  motor  requires  minimum  attendance.  It  is  reliable  and  its 
first  cost  is  much  less  than  that  of  a  gasoline  or  steam  engine.  For  these 
reasons  if  electric  power  is  available,  an  electric  motor  is  preferable  and 
will  prove  far  more  economical  even  should  the  cost  of  electrical  energy  be 
higher  than  the  fuel  cost  for  a  gasoline  or  steam  engine. 

The  application  of  the  above  information  find  cost  data  to  any  particular 
case  is  illustrated  by  the  following  examples: 

A  20-acre  orchard  is  to  be  irrigated  by  pumping  from  a  surface  body  of 
water  requiring  no  wells.  The  quantity  to  be  applied  is  6  ins.  per  month,  and 
the  total  depth  in  one  season  18  ins.  The  lift  is  50  ft.  and  the  discharge  pipe 
200  ft.  long.  Engine  gasoline  or  distillate  costs  12  cts.  per  gallon.  Assuming 
the  pump  is  operated  one-third  of  the  time  or  ten  24-hour  days  each  month. 
this  will  require  a  pump  capacity  of  225  gals,  per  minute,  which  is  obtained 
with  a  No.  3  centrifugal  pump  and  7  hp.  engine.  The  discharge  pipe  will  be 
4  ins.  in  diameter.  The  first  cost  and  total  cost  of  operation  will  be  about  as 
follows: 

First  Cost  of  Plant 

No.  3  centrifugal  pump $  67 

7  hp.  gasoline  engine 450 

Priming  pump,  suction  pipe,  fittings,  etc 50 

Freight  charges  and  hauling 30 

Wood  banded  discharge  pipe,  200  ft.  of  4-in 40 

Installation,  5  per  cent  of  cost 35 

Building  to  house  plant 40 

Total  cost $702 

Total  Annual  Cost  op  Opbration 

Fuel  cost  of  7  brake  hp.  engine  for  3  periods  of  10  days  each 

or  720  hours  -  720  X  7  X  0.02 $100 

Fixed  charges  at  17  per  cent  of  first  cost 120 

Attendance,  720  hours  at  10  cts 72 

Total  cost  for  20  acres $292 

Cost  per  acre,  $15. 

Where  electric  power  is  obtainable,  the  first  cost  of  plant  and  annual  cost 
of  operation  for  same  conditions,  assuming  the  unit  cost  of  electric  power  to  be 
3  cts.  per  kilowatt  hour,  would  be: 

First  cost  of  plant $375 

Total  cost  of  operation  (annual) 215 

Cost  of  operation  per  acre 11 

Tables  XXXV  and  XXXVI  show  the  first  costs  of  gasoline  engine  pumping 
plants  and  the  costs  of  operation  for  orchards  oi  20,  40  and  80  acres  for  lifts 
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of  50  ft.  and  150  ft.,  and  for  different  periods  of  operation.  For  the  higher 
lifts  single  acting  triplex  piunps  are  used.  The  costs  given  are  based  on  gaso- 
line at  12  cts.  a  gaUon,  for  a  depth  of  irrigation  of  18  ins.  for^he  lower  lift  and 
depths  of  18  ins.  and  12  ins.  for  the  higher  lift,  it  being  assumed  that  by  careful 
use  of  water,  if  the  soil  is  retentive,  12  ins.  may  be  suflOcient.  The  discharge 
pipe  is  assumed  to  be  200  ft.  l<mg. 

* 

Tablb  XXXVI. — Cost  of  Pumping  with  Qabolinb  Engines  and  Cbntbi- 
FiTGAi<  Pumps  fob  50-foot  Lift,  Gasolinb  12  Cbnts  a  Gallon 

Annual  cost  of  operating  per  acre; 
—18  ins.,  depth  of  water  applied- 
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1 

i 

< 
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20 

5H 

400 

4 

12 
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$4.80 

$8.25 

$1.90 

$14.95 

10 

225 

3 

7 

700 

5.10 

6.00 

3.60 

14.70 

20 

113 

2 

5 

500 

7.00 

6.00 

7.20 

19.20 

40 

6 

900 

6 

25 

1,575 

4.50 

6.70 

.90 

12.10 

11 

400 

4 

12 

970 

4.80 

4.10 

2.00 

10.90 

20 

225 

3 

7 

700 

5.10 

3.00 

2.60 

11.70 

80 

10 

900 

6 

25 

1,575 

4.50 

3.35 

.90 

8.85 

22 

400 

4 

12 

970 

4.80 

2.05 

2.00 

8.85 

Tablb  XXXVII. — Cost  of  Pumping  with  Gasoline  Engines  and  Single 
Acting   Tbiplbx   Pumps   fob    150-foot  Lift 

Annual  cost  of  operation  per  acre  for  a 

depth    or    imgation,     water    of: 
18    inches 12  ins. 


days 
erated 

pump 
oinute 
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$1,850  $  9. 90  $15. 75  $3. 00  $28. 65 

1,375  9.90  11.70  4.50  26.10 

1,025  10.90  8.70  9.00  28.60 

2,200  8.70  9.35  2.40  20.45 

1,850  9.90  7.90  3.00  20.80 

1.375  9.90  5.85  4.50  20.25 

2,200  8.70  4.70  2.40  15.80 


$ 

o 

H 

$24. 35 
21.30 
22.00 
16.75 
16.50 
15.45 
12.10 


The  capacities  of  pumps,  especially  plimger  pumps,  and  the  sizes  of  engines 
vary  with  the  different  maked,  and  for  that  reason  the  sizes  given  are  not 
always  obtainable,  but  sizes  approximating  these  can  be  used  in  place. 

The  above  cost  estimates  are  only  approximate.  They  are  based  on  the 
conditions  stated  above  and  are  not  applicable  to  all  cases  because  of  the 


608  HANDBOOK  OF  CONSTRUCTION  COST 

varying  conditions  which  make  the  installation  of  neaiiy  every  pumping  plant 
a  special  problem.  The  estimates  are  made  for  gasoline  engines  and  are  caor 
siderably  higher  than  for  electric  motors.  The  first  example  showed  that  with 
an  electric  plant  the  cost  of  pmnping  was  only  73  per  cent  of  the  cost  with  a 
gasoline  plant.    The  tabulated  values  show  the  following  interesting  results: 

(1)  The  cost  per  acre  of  pumping  is  much  larger  for  a  smaU  area  than  for  a 
large  area. 

(2)  The  cost  per  acre  does  not  vary  considerably  with  the  period  of  opera- 
tion, and  in  some  cases  a  plant  moderately  large  operating  for  a  shorter  period 
will  cost  less  per  acre  than  a  smaller  plant  operating  a  longer  period.  This  Is 
due  to  the  lower  fuel  cost  with  the  larger  and  more  efficient  plant  and  the 
decreased  cost  of  attendance  for  the  shorter  period  of  operation  which  over- 
balance the  larger  fixed  charges.  Even  should  the  resulting  c(»ti)e  smaller 
for  the  smaller  plant,  the  inconvenience  due  to  pumping  for  a  long  period  and 
the  extra  labor  in  irrigation  may  overbalance  the  saving  In  cost. 

(3)  For  the  lifts  assiuned  a  period  of  operation  equal  to  about  ten  24-hour 
days  during  the  month  of  one-third  of  the  time  during  the  irrigation  season 
seems  to  be  preferable  with  the  centrifugal  pump.  With  the  higher  price 
triplex  plunger  pumps  a  period  of  operation  of  one-third  to  two-thirds  of  the 
time  is  preferable. 

Co-operative  Pumping. — The  lower  cost  per  acre  for  larger  areas  shows  the 
advantage  to  be  gained  by  co-operation  between  small  owners.  By  uniting 
and  installing  a  large  plant  instead  of  several  smaller  plants,  the  cost  of  install- 
ation and  operation  is  very  much  reduced,  and  the  plant  can  be  given  more 
competent  attention,  which  relieves  the  orchardist  and  increases  the  life  of 
the  plant.  Where  by  such  co-oi)eration  several  hundred  acres  can  be  brought 
together,  a  central  steam  plant  to  generate  electric  power,  which  is  transmitted 
to  the  several  electric  motor  pimiping  plants,  is  the  most  economical  and  best 
solution. 

For  separate  plants  above  20  or  40  hp.,  gas  producer  plants  connected  to  gas 
engines  will  furnish  the  cheapest  power.  These  plants  are  reliable  and  easily 
operated.  They  consist  of  the  producer  in  which  hard  coal  is  placed  and 
through  a  process  of  partial  combustion,  in  the  presence  of  air  and  steam, 
forms  the  gas  which  operates  the  engine.  Gas  producers  operated  on  hard 
or  anthracite  coal  have  been  in  successful  operation  for  a  number  of  years, 
and  those  operated  on  soft  or  bituminous  coal  and  on  oil  are  coming  into  use, 
but  are  still  in  the  experimental  stage.  The  fuel  consumption  is  very  low, 
usually  from  1  to  H  lbs.  of  coal  or  H  to  IH  gals,  of  crude  oil  per  horsepower  for 
one  hour;  or  H  to  ^  ct.  per  horsepower  for  one  hour  with  hard  coal  at  $10 
per  ton  and  about  H  ct.  with  oil  at  2  cts.  a  gallon.  This  is  from  2H  to  6  times 
less  than  the  fuel  cost  with  gasoline  at  12  cts.  a  gallon.  Producer  gas  plants 
are  much  expensive  than  gasoline  engines  and  for  small  plants  the  fuel  economy 
will  be  overbalanced  by  the  larger  interest  and  depreciation  charges.  For 
very  large  single  plants,  high  duty  steam  engines  will  be  the  most  economical 
form  of  installation. 

Limits  of  Economical  Pumping. — The  cases  previously  worked  out  for  gaso- 
line engine  pumping  plants  show  that  for  small  tracts  of  20  to  80  acres  the 
cost  of  lifting  sufficient  water  to  give  a  depth  of  irrigation  water  of  18  ins. 
will  range  for  a  lift  of  50  ft.  from  about  $8.85  per  acre  for  the  larger  area  to 
about  $15  per  acre  for  the  smaller  area,  and  for  lifts  of  150  ft.  the  respective 
costs  a,re  about  $15  and  $25  per  acre.  These  costs  may  seem  high  as  compared 
with  gravity  water,  but  to  obtain  an  idea  of  the  economy  and  feasibility  ol 
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developing  water  by  pumping,  ccHuparisons  must  be  made  with  the  value  of 
gravity  irrigation  water  In  the  same  conditions.  Except  in  southern  Cali- 
fornia, up  to  a  few  years  ago  gravity  water  without  pumping  has  been 
obtainable.  For  that  reason  pumping  has  not  been  necessary,  and  compara- 
tively few  pumping  plants  have  been  ccostructed.  However,  water  is. 
becoming  mwe  valuable  and  the  steps  which  many  irrigation  companies  are 
taking  to  conserve  water  and  prevent  losses  of  transportation  by  carrying  the 
water  in  concrete-lined  canals  and  in  pipes  constructed  at  considerable 
expenses,  show  that  in  some  localities  at  least,  water  has  become  sufficiently 
valuable  to  justify  pumping.  If  a  comparison  is  made  with  water  thus 
obtained,  we  find  that  the  cost  of  construction  of  a  w^  constructed  system  may 
go  up  to  $50  or  $60  aa  9cm  and  even  higher.  This  cost  is  charged  up  to  the 
land  which  is  sold  to  the  orchardist  imd  in  additicm  reasonable  profit  is  made 
on  the  value  of  the  land.  It  is  probably  conservative  to  assume  that  land 
under  an  irrigation  system  in  localities  w^  developed  and  where  irrigation  is 
necessary,  will  cost  at  least  $100  an  acre  more  than  similar  land  for  which 
there  is  no  gravity  supply.  The  chief  advantage  of  gravity  systems  is  the  low 
annual  cost  of  operation,  usually  leas  than  $2  or  $3  per  acre,  although  in  some 
cases  it  may  be  as  much  as  $5  i>er  acre  or  more,  but  if  to  this  be  added  the 
interest  on  the  difference  in  cost  between  land  under  the  irrigation  system  and 
land  which  is  to  be  supplied  by  piunping,  assumed  at  $100,  the  total  annual 
cost  may  be  $10  to  $15  an  acre.  This  is  about  equal  to  the  cost  of  pumping 
with  gasoline  engines  to  a  height  of  50  feet  and  about  half  as  large  as  for  lifts 
of  150  feet.  Where  electric  power  is  available  or  for  large  pumping  plants  the 
cost  of  pumping  would  compare  very  favorably  with  gravity  water,  even  for 
higher  lifts  than  those  stated  above. 

Some  of  the  advantages  of  underground  pumped  water  as  compared  to  water 
obtained  from  a  gravity  irrigation  system  are: 

(1)  An  underground' supply  is  more  reliable  and  is  not  likely  to  be  deficient 
before  the  end  of  the  irrigation  season. 

(2)  The  irrigator  is  independent  and  controls  his  own  water  supply,  and  is 
prepared  to  irrigate  his  crops  at  the  best  time. 

(3)  The  undergroimd  water  is  free  from  the  seeds  of  weeds. 

A  consideration  of  pumping  in  some  of  the  well  developed  irrigated  districts 
Is  of  interest  to  show  its  feasibility.  In  eastern  Washington  water  is  being 
pumped  in  one  case  to  an  elevation  of  250  ft.  above  the  source  of  supply.  In 
the  citrus  district  of  southern  California  lifts  above  200  ft.  are  not  unusual, 
and  it  is  considered  profitable  to  pmnp  460  ft.  In  the  Pomona  district  of 
southern  California  the  cost  of  pumped  water  averages  $15  per  acre  for  one 
acre  foot  when  purchased  from  irrigation  companies,  while  for  smaller  private 
plants  the  cost  is  often  greater.  In  1905  the  Irrigation  Investigations  Office  of 
the  United  States  Department  of  Agriculture  made  tests  on  various  pumping 
plants  and  these  show  that  the  cost  of  pumping  at  private  plants  of  10  to  100 
hp.  with  lifts  of  100  to  300  ft.,  varied  from  $10  to  $90  per  acre  for  one  acre  foot 
erf  water. 

There  is  a  limit  beyond  which  it  is  not  economically  feasible  to  pump.  In 
the  California  citrus  districts  Ufts  above  400  ft.  have  been  considered  profitable. 
For  the  orchard  lands  of  the  Northwest  equally  high  lifts  should  be  profitable, 
for  the  net  return  per  acre  from  a  good  apple  orchard  is  usually  more  than  that 
from  a  citrus  orchard.  A  citrus  orchard  10  years  old  should  average  a  net 
profit  of  $100  to  $150  per  acre.  The  net  profits  from  apple  orchards  10  to  12 
years  old  in  the  Yakiioa  Valley  are  glv^n  in  bulletins  of  the  United  States 
39 
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Departoient  of  Agriculture  as  $200  to  $600  per  acre.  With  profits  larger  thaa 
those  obtained  from  citrus  orchards  in  southern  California,  what  hatt  been 
considered  feasible  in  pumping  there,  is  at  least  equally  so  for  apple  orchards 
or  other  valuable  crops  when  no  other  more  economical  source  of  water  supply 
is  available.  However,  for  small  pumping  plants  and  small  areas  it  is  w^ 
not  to  exceed  200  ft.,  while  the  larger  plants  lifts  of  400  ft.  may  be  economically 
feasible. 

First  Cost  and  Cost  of  Operation  of  Irrigation  Pumping  Plants. — The  follow- 
ing data,  published  in  Engineering  and  Contracting,  June  2,  1915,  are  coor 
densed  from  a  paper  by  H.  D.  Hanford  in  the  proceedings  of  the  Washington 
Irrigation  Inst. 

Plant  Coata. — As  a  basis  for  the  figures,  the  representative  of  a  well-known 
manufacturer  was  asked  to  give  prices,  efficiency  and  other  data  on  both  cen- 
trifugal and  triplex  power  pumps,  ranging  in  capacity  by  the  hundred  gallons, 
from.  100  to  500,  inclusive,  a  minute,  and  for  heads  of  25,  50,  100  and  200  ft. 
Taking  these  prices  as  a  basis,  and  adding  the  cost  of  motor,  fittings,  erection 
and  building,  we  have  the  following  schedule  ot  plant  costs: 

Direct  Connected  Cbntbifugal  Pumps 


Capacity,  G.  P.  M. 

Head 

Sise 

Cost  of  plant 

100 

26 

2>1i-in. 

$    407.00 

100 

50 

2-in. 

369.00 

100 

100 

2-in. 

470.00 

100 

200 

2-in.  2  S 

715.00 

200 

26 

3-in. 

550.00 

200 

50 

3-iii. 

550.00 

200 

100 

2H-in. 

600.00 

200 

200 

2H-in.  2  S 

876.00 

300 

25 

4-in. 

644.00 

300 

50 

3-in. 

644.00 

300 

100 

3-in. 

715.00 

300 

200 

3-in.  2  S 

1,034.00 

400 

25 

6-in. 

732.00 

400 

60 

4-in. 

698.  GO 

400 

100 

3-in. 

748.00 

400 

200 

4-in.  2  S 

1,249.00 

500 

26 

6-in. 

787.00 

600 

50 

4-in. 

765.00 

600 

100 

4-in. 

831.00 

600 

200 

6-in.  2  S 

1,524.00 

Belt  Driven  Triplex  Pumps 

Capacity  G.  P.  M. 

Head 

Sixe 

Cost  of  plant 

100 

60 

5H  X    8-in. 

$    741.  DO 

100 

100 

5H  X    8-in. 

764.00 

100 

200 

6H  X    8-in. 

821.  GO 

200 

60 

7H  X    8-in. 

1.216.  GO 

200 

100 

7H  X    8-in. 

l,261.0O 

200 

200 

7H  X    8-in. 

1.319.0O 

300 

50 

8H  X  10-in. 

l,437.0O 

300 

100 

8H  X  10-in. 

1.517.0O 

300 

200 

SH  X  10-in. 

1. 600.00 

400 

60 

10  X  10-in. 

1.877.00 

400 

100 

10  X  10-in. 

1.979.00 

400 

200 

10  X  10-in. 

2,065.00 

600 

60 

10  X  12-in. 

2,463.  OO 

600 

100 

10  X  12-in. 

2.610.  OO 

600 

200 

10  X  12-in. 

2,792.  OO 

In  comparing  the  schedule  note  that  in  a  number  of  instances  the  cost  of 
plant  for  a  given  head  is  less  than  that  of  the  preceding  lower  head,  and  that 
smaller  sizes  are  used, — ^these  are  not  errors.  In  centrifugal  iftunps,  the  capa- 
city within  a  certain  range  is  governed  by  the  design  of  the  impkler  ana  ttie 
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speed,  and  not  by  the  diameter  of  the  discharge  nozzle.  Also  in  the  triplex 
pumps,  exactly  the  same  pmnp  is  offered  for  more  than  one  head.  The  total 
plant  costs  are  also  affected  by  the  cost  of  motor  used,  which  varies  according 
to  the  speed,  the  slow  speed  motors  costing  considerably  more  than  those  of 
high  speed.  The  sizes  and  types  of  piunps  and  motor  speeds  are  those  selected 
by  a  man  of  large  experience  in  irrigation  worlc;  and  while  better  selections 
might  be  made  in  some  cases,  the  list  represents  probably  average  practice, 
and  as  used  here,  is  a  fair  basis. 

Operating  Coats. — ^In  arriving  at  a  basis  of  operating  costs  for  each  year,  the 
following  assumptions  were  made: 

(1)  That  the  irrigation  season  covers  the  period  from  May  1st  to  September 
30th,  inclusive. 

(2)  That  the  piunps  would  operate  24  hours  a  day  for  26  days  each  month, 
or  a  total  of  130  days. 

(3)  That  the  piunp  would  operate  624  hours  each  month. 

(4)  That  the  capacity  of  the  several  sizes  of  pumps  operating  on  the  above 
schedule  would  be  as  follows  for  the  season: 

Si«e                                  .  Acre  ft. 

100  gallons  per  minute 57. 5 

200  gallons  per  minute 115.0 

300  gallons  per  minute 172. 0 

400  gallons  per  minute 230. 0 

500  gallons  per  minute 287.  5 

(5)  That  power  would  be  paid  for  on  the  meter  basis,  and  on  the  schedule 
in  use  in  the  Yakima  Valley. 

(6)  That  interest  on  investment  in  plant  be  figured  at  7  per  cent. 

(7)  That  depreciation  and  renewals  be  figured  at  7  per  cent. 
(8X  That  cost  of  suppUes  be  taken  at  1  per  cent  of  cost  of  plant 
(9)  That  insurance  be  figured  at  1  per  cent. 

The  total  for  the  last  four  items  is  16  per  cent. 

In  determining  final  costs  for  any  particular  location,  it  will  be  necessary 
to  add  the  charges  upon  whatever  pipe  Une  is  required  to  deliver  the  water  to 
the  desired  point,  also  the  yearly  c(^  of  water  right,  if  water  is  piux:hased  from 
a  ditch.     Estimated  costs  of  pumping  follow: 

Direct  Connected  Centrifuqal  Pumps 

Capacity,  in  gals.  Cost  per  acre-foot 

per  min.  Head,  in  ft.  pumped 

100  25  *  $2.24 

100  50  3. 00 

100  100  4.93 

100  200  8, 17 

200  25  1.68 

200  50  2. 24 

200  100  3.68 

200  200  6. 59 

300  25  1.37 

300  50  1.93 

300  100  3. 16 

300  200  5. 57 

400  25  1.25 

400  50  1.74 

400  100  2.90 

400  200  4.99 

500  25  1.11 

500    .  50  1.59 

500  100  2. 65 

500  200  4. 82 
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Capacity,  in  gals. 

Cost  per  acre-foot 

per  min. 

Head,  in  ft. 

pumped 

100 

50 

$4.08 

100 

100 

4.80 

100 

200 

6.65 

200 

50 

3.47 

200 

100 

4.25 

200 

200 

5.89 

300 

50 

2.83 

300 

100 

3.64 

300 

200 

5.23 

400 

50 

2.76 

400 

100 

3.54 

400 

200 

5.02 

500 

50 

2.77 

500 

100 

3.46 

500 

200 

5.00 

By  platting  these  figures  on  paper,  we  have.  Fig.  16,  a  diagram  from  which  it 
is  possible  to  ascertain  the  approximate  cost  per  acre  foot  for  pumping  to  any 


*/•*  ^  JOO  ^OQ  ^c 

At 
Fig.  16. — Cost  per  acre-foot  of  pumping  for  irrigation. 


400  ^00  QOO 

Cost  of  Pumping  One  Acre  Foot 


head  between  25  ft.  and  200  ft.  for  the  centrifugal  pumps  of  the  respective 
capacities,  and  for  heads  between  50  ft.  and  200  ft.  for  the  triplex  pumps.  On 
the  diagram,  the  centrifugal  pumps  are  represented  by  full  lines,  and 
the  triplex  pumps  by  dotted  lines.  The  point  at  which  the  full  and 
dotted  lines  of  the  same  capacity  cross,  indicates  the  approximate  head  at 
which  the  types  will  operate  with  equal  economy.  This  is  110  ft.  for  the 
pumps  of  100  G.  P.  M.  capacity,  150  ft.  for  the  200  G.  P.  M.,  and  165  ft,  for 
the  300  G.  P.  M.  Above  these  heads,  the  diagram  indicates  that  the  triplex 
pumps  will  be  the  more  economical.  It  also  shows  that  for  the  400  G.  P.  M . 
capacity  the  types  balance  at  200  ft.  head;  and  that  for  the  500  G.  P.  M.,  the 
centrifugal  is  the  more  economical  pump  within  the  iw^Q  of  head  considered. 
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The  cement  basins  commonly  have  walls  6  in.  thick  at  the  base  and  4  In. 
at  the  top.  They  are  banked  around  the  exterior  with  earth.  One  of  these 
basins.  4  ft.  deep  and  75  ft.  in  diameter,  with  a  capacity  of  125.000  gal.,  was 
constructed  at  a  cost  of  $380.  This  basin  holds  water  for  the  irrigation  of  23 
acres  of  alfalfa  and  4  acres  of  garden  truck.  The  pumping  installation  con- 
sists of  a  5-hp.  motor  and  a  2-in.  horizontal  pump.  Thid  outfit  delivers  water 
at  the  rate  oi  140  gal.  per  minute.  The  total  expense  of  irrigation  in  this  case 
is  $250  per  year. 

The  third  type  of  earth  reservoir  Is  a  basin  rendered  watertight  by  spraying 
the  bottom  and  sides  with  oil  or  by  applying  a  coai  of  cement  or  lime  plaster. 
This  plaster  lining  is  from  >^  to  1  in.  thick  and  is  applied  after  the  soil  has  been 
thoroughly  tamped.  Two-Inch  mesh  chick^i  wire  is  spread  oyer  the  bottom 
and  sides  of  the  basin  prior  to  the  application  of  the  plaster.  The  plastering 
costs  about  6  ct.  per  square  foot. 

In  sealing  the  earth  reservoir  by  spraying  with  oil  the  best  results  have  been 
obtained  by  using  heavy  crude  oil  with  not  less  than  90  per  cent  asphaltum, 
heating  this  from  400  to  450**  and  pumping  it  on  the  ground  under  pressure  In 
the  form  of  a  spray,  th^i  following  this  up  with  sand,  which  is  spread  over  the 
oil.  This  latter  feature,  is  very  essential,  especially  on  the  banks.  Best 
results  are  obtained  with  two  coatings  of  oil,  in  all  about  ^  gal.  per  square 
yard.  The  oil  costs  from  $2  to  $3  per  barrel  put  on,  depending  upon  the  dis- 
tance to  be  hauled.  It  is  delivered  to  the  job  in  motor  truck  loads,  each  of 
about  25  bbl. 

The  success  of  construction  work  of  this  kind  depends  upon  the  thorough- 
ness with  which  the  work  is  done.  The  soil  should  be  worked  over  very  care- 
fully and  raked  with  a  fine  rake,  eliminating  any  large  lumps,  etc.,  that  might 
be  either  in  the  bottom  or  on  the  banks.  A  second  coat  of  oil  has  proven  very 
efficient  in  making  the  reservoir  tight.  It  must  be  borne  in  mind,  however. 
that  the  oil  used  should  be  asphaltum  residue  of  very  heavy  specific  gravity, 
about  the  consistency  of  heavy  coal  tar.  The  sifting  of  the  soil  and  sand  on 
the  hot  asphaltum  keeps  it  from  running  until  it  has  an  opportunity  to  cool 
and  thus  gives  it  a  better  body  to  keep  it  in  place. 

One  of  these  oil-sealed  basins,  holding  500,000  gal.  of  water,  was  constructed 
in  1916  at  a  total  cost  of  $350.  The  sealing  required  75  bbl.  of  oil  and  cost 
$160;  construction  cost  $147,  and  the  gates,  inlet  and  discharge  pipes  cost  $33. 
This  basin  is  operated  in  conjunction  with  a  direct  connected  plant  ccmsistingr 
of  a  25-hp.,  400-volt,  3-phase  Westinghouse  motor  and  a  special  4-in.  Bryon 
Jackson  pump.  The  basin  furnished  water  for  90  acres  of  alfalfa  and  20 
acres  of  grain. 

Cost  Wells  and  Well  DriUine  Equipment. — ^The  following  is  given  in  For- 
tier's  "Use  of  Water  in  Irrigation"  (1915). 

According  to  C.  E.  Tait,  the  most  common  sizes  of  drilled  wells  for  new 
plants  in  southern  California  at  this  writing  (1914)  are  12, 14, 16,  and  20  inrhcm 
in  diameter.  A  few  24-  and  26-inch  wells  are  also  in  use.  The  increase  in 
size  in  recent  years  has  been  largely  due  to  two  causes.  The  larger  circum- 
ference of  the  casing  permits  more  openings  to  be  made  and  more  water  to 
enter  from  the  adjacent  gravel.  They  are  also  better  .suited  to  the  use  of 
deep  well  pumps  of  the  plunger  and  turbine  types  in  that  they  permit  a  Ions 
stroke  at  low  speed. 

The  casing  consists  of  a  double  thickness  of  riveted  steel  sheets  2  feet  Ions. 
The  cost  of  casing  per  foot  for  various  diameters  and  thickness  of  metal  sub- 
ject to  a  discount  of  30  per  cent  is  as  follows: 


CHAPTER  X 
LAND  DRAINAGE 

This  chapter  contains  data  on  the  methods  and  costs  of  constructing  both 
open  and  tile  drains.  Further  matter  of  use  in  relation  to  this  subject  may 
be  found  by  referring  to  the  index. 

The  reader  is  also  referred  to  Gillette's  "Handbook  of  Cost  Data"  pages 
1796-1802  for  costs  of  laying  tile  drains  and  for  the  weights  of  drain  tile 
which  are  given  on  page  1798. 

The  Elements  of  Costs  of  Drainage  Systems  are  given  by  J.  L.  Parsons  in 
"Land  Drainage"  as  follows:  Cost  of  materials,  cost  of  labor,  cost  of  delivery 
of  materials,  cost  of  administrating  drainage  contracts,  cost  (interest  and 
depreciation)  of  necessary  plant,  cost  of  financing  the  contract,  and  probable 
damage  claims  and  l^al  expenses.  In  addition  to  the  probable  contract 
price  as  thus  estimated,  the  element  of  engineering  and  other  overhead  ex- 
penses and  right  of  way  or  damage  claims  must  be  considered  by  the  engineer 
in  arriving  at  the  total  estimated  cost  to  the  owner. 

Probable  Damage  Claims  and  Legal  Expenses. — During  the  prosecution  of 
drainage  contracts  there  is  considerable  danger  of  stock  falling  into  ditches, 
with  resulting  claims  for  damages  by  the  owners,  and  some  allowance  must  be 
made  in  the  contractors  estimate  for  such  damages.  Also  a  contractor  should 
avail  himself  of  enough  legal  advice  to  insure  business  methods. 

Overhead  Expenses. -^ThQ  overhead  expenses  incidental  to  legal  drainage 
organizations,  as  engineering,  legal  expenses,  publication  of  noticed,  etc..  if 
wisely  administered,  need  not  exceed  8  to  12  per  cent  of  the  total  cost  for 
drains  costing  $5,000  and  upward.  These  expenses  equal  a  larger  percentage 
for  the  smaller  districts,  as  many  of  the  legal  procedures  required  are  as 
expensive  for  small  drains  as  for  larger  ones. 

The  item  of  engineering  alone,  including  the  preliminary  survey,  construc- 
tion superintendence,  and  assistance  in  the  assessment  of  benefits  and  fixing 
of  damages,  should  not  be  less  than  5  to  10  per  cent  of  the  total  cost, 
ranging  from  approximately  10  per  cent  for  $2,000  districts  to  5  per  cent  for 
$25,000  districts  and  upwards. 

Types  of  Equipment  Best  Adapted  to  Land  Drainage. — Power  machinery  is 
now  available  which  will  construct  outlet  drainage  ditches  of  all  sizes,  and 
under  all  conditions  of  soil  and  water,  more  cheaply  than  can  be  accomplished 
by  any  other  method,  according  to  D.  L.  Yamell,  drainage  engineer  of  the 
Office  of  Public  Roads  and  Rural  Engineering.  In  a  special  bulletin  issued 
recently  by  the  Department  of  Agriculture,  the  uses  and  limitations  of  the 
different  machines  that  have  been  employed  in  such  work  are  siunmarized  by 
by  Mr.  Yamell,  whose  conclusions  as  abstracted  in  Engineering  Record,  Feb. 
25,  1916,  follow. 

The  floating  dipper  dredge  is  more  widely  used  in  drainage  work  than  is  any 
other  t3rpe  of  excavating  machine.  For  work  through  wet  land  no  other 
excavator  will  equal  it  in  cheapness  df  construction  of  ditches  having  a  cross* 
section  of  from  100  sq.  ft.  to  1200  sq.  ft.  It  is  by  far  the  most  efficient  machine 
to  use  where  many  stumps  will  be  encountered.    Owing  to  its  limited  reach 
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In  timbeted  country  the  right  of  way  must  be  cleared.  In  many  cases  the 
timber  cut  will  supply  sufficient  fuel  for  the  dredge.  It  is  poor  policy  to  fell 
the  trees  and  leave  them  on  the  ground  to  be  removed  by  the  dredge.  The 
stumps  should  always  be  shattered  with  dynwtnite,  as  the  strain  on  the 
machinery  is  thus  rendered  much  less  and  the  life  of  the  dredge  increased. 

An  engineer,  a  craneman,  a  fireman,  and  a  deckhand  are  required  to  operate 
a  dipper  dredge.  The  output,  loss  of  time  due  to  breakdowns,  and  the  cost  of 
repairs,  depend  almost  wholly  upon  th^  skill  and  efficiency.  The  engineer 
should  be  an  all-around  mechanic  as  well  as  experienced  in  dredging. 

The  amount  of  fuel  consumed  depends  upon  the  size  and  type  of  boiler 
uded,  and  upon  the  burning  and  heating  qualities  of  the  fuel.  A  very  great 
saving  can  be  effected  by  covering  the  boiler  with  an  asbestos  coat.  Ordi- 
narily, about  25  lb.  of  coal  per  horsepower-hour  are  consumed  on  dredges. 
The  cost  of  repairs  depends  largely  upon  the  operator;  a  earless  operator  will 
cause  many  unnecessary  breakdowns.  It  is  not  only  the  high  cost  of  repairs 
for  machinery  but  also  the  time  lost  which  aids  in  increasing  the  actual  cost  of 
the  output.  It  is  a  well-established  fact  that  it  is  not  the  initial  cost  of  a 
dredge  or  of  any  machine,  but  the  operating  and  overhead  expenses,  that 
reduce  the  profits. 

Cost  of  Operation. — The  cost  of  dredge  work  depends  upon  a  number  of 
factors.  The  locality  of  the  work,  the  kind  of  soil,  repairs,  delays,  labor,  etc., 
greatly  influence  the  aotual  cost  of  any  work.  If  the  water  level  can  naturally 
be  maintained  within  a  foot  or  so  of  the  surface  of  the  ground,  the  cost  of 
excavation  can  be  reduced  very  low  with  this  type  of  machine.  The  data 
given  in  the  following  pages  were  obtained  from  the  actual  cost  records  of  the 
various  projects.  Unfortunately,  the  figures  are  not  always  strictly  compar- 
able, one  project  with  another,  owing  to  variations  in  the  items  of  cost  in- 
cluded. Unless  otherwise  stated,  interest  is  taken  at  6  per  cent  and  depreda- 
tion at  35  per  cent  per  annum  on  the  cost  of  the  dredging  outfit.  Interest  and 
depreciation  are,  however,  charged  only  for  the  interval  of  time  upon  which  the 
unit  cost  is  based.  This  is  not  strictly  correct,  as  a  certain  amount  of  time 
consumed  in  getting  the  machine  on  and  off  the  work  should  be  charged  to  each 
project.  In  most  cases  it  was  impossible  to  ascertain  the  time  that  should  be 
charged  to  moving,  building,  etc.,  and  therefore  the  item  has  been  ignored  in 
all  cases,  for  the  sake  of  uniformity.  On  some  projects  figures  for  operation 
over  an  ext^ided  period  were  not  obtainable.  In  such  cases  the  unit  cost  is 
based  upon  the  daily  cost  of  operation  and  the  average  amount  of  ditch  dug  per 
day,  no  allowance  being  made  for  interest  and  depreciation. 

In  the  construction  of  a  ditch  in  North  Carolina  a  new  lyi-jBid  dipper 
dredge  was  employed.  This  dredge  had  a  5  X  20  X  70-ft.  hull  and  was 
equipped  with  8^  X  10-in.  double-cylinder  hoisting  engines;  7  X  7-in. 
double  cylinder,  reversible  swinging  engines;  a  50-hp.  Scotch  marine  return- 
fine  boiler;  a  l>^-yard  dipper,  31-ft.  dipper  handle,  and  45-ft.  boom.  The 
li^uds  were  convertible  to  bank  or  vertical  and  were  operated  by  the  hoisting 
engines.  The  cost  of  this  dredge,  erected,  was  $10,342.19.  The  dredge  was 
operated  continuously,  each  shift  working  11  hours  per  day.  The  men  were 
paid  at  the  following  rates  iter  month:  Superintendent  in  charge,  $110; 
engineers,  $100;  cranemen,  $60;  firemen,  $48;  deck  hands,  $36.  The  men 
furnished  their  own  subsistence.  The  ditch  was  9H  miles  long  and  ranged 
from  22  to  30  ft.  wide  on  top  and  from  8  to  10  ft.  deep;  it  had  side  slopes  of  H 
to  1  and  a  berm  8  ft.  wide.  The  water  level  was  easily  maintained  near  the 
groimd  surface.    Very  little  right-of-way  clearing  was  required.    In  the 
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construction  of  this  ditch  the  dredge  excavated  360,720  cu.  yd.  of  earth.  One 
year  was  required  for  the  dredge  to  complete  this  work.  The  following  cost 
data  were  taken  from  the  records  of  the  drainage  district  which  owned  and 
operated  the  dredge: 

Coet  of  operation,  including  labor  and  fuel $15,889.01 

Repairs 1,948.24 

Interest  and  depreciation 4 ,  240 .  22 

Total $22,077.47 

Cost  per  cubic  yard,  $0.0629. 

A  new  dredge  of  the  same  size  and  type  as  the  one  Just  described  was  used 
in  the  excavation  of  a  drainage  ditch  in  the  same  locality  as  the  foregoing 
project.  The  ditch  followed  an  old  creek  channel  for  the  greater  part  of  its 
length.  The  icost  of  the  dredge,  erected,  was  $9,365.34.  It  was  oi)erated 
in  one  shift  of  11  hours;  the  actual  time  of  operation  was  not  recorded.  The 
crew  and  the  rates  of  pay  were  the  same  as  in  the  foregoing  example.  The 
ditch  was  3^  miles  long  and  ranged  in  top  width  from  22  to  26  ft.  and  in 
depth  from  6  to  10  ft.  The  side  slopes  were  H  to  1;  the  berm  was  8  H.  wide. 
The  dredge  worked  downstream  and  the  water  level  was  easily  held  near  the 
ground  surface.  Practically  no  right-of-way  clearing  was  done.  The  mate- 
rial excavated  was  a  loam  top  soil  underlain  by  stiff  clay;  very  little  rock 
was  encountered.  The  cost  ot  the  work  was  considerably  affected  by  the 
expense  ($1,459)  of  passing  three  bridges.  The  total  amount  excavated  in  a 
period  of  about  10  months  was  121,200  cu.  yd.  The  dredge  was  owned  and 
operated  by  the  drainage  district.     The  following  costs  were  recorded: 

Cost  of  operation,  including  labor  and  fuel $  5,921 .05 

Repairs 1,028.73 

Incidentals 117.95 

Interest  and  depreciation i . . .  3,199.80 

Total $10,267.63 

Coet  per  cubic  yard,  $0.0847. 

A  dipper  dredge  with  a  6H  X  16  X  60-ft.  hull,  7  X  8-in.  double-cylinder 
hoisting  engines,  friction  swing,  1-yard  dipper,  36-ft.  boom,  and  telescopic 
bank  spuds  was  used  in  the  construction  of  about  6  miles  of  ditch  in  western 
North  Carolina.  No  reliable  information  was  available  as  to  the  amount  of 
material  moved ;  but  the  f  oUowtng  figures  as  to  the  cost  of  installing  the  dredge 
are  of  interest: 

Hull:  Labor  and  material $1 , 803. 23 

Machinery: 

Material 4 ,  800 .  00 

Freight 379. 10 

Drayage 72. 60 

Installing 310.60 

Extra  equipment  (forge  tools,  etc.) 80 .  00 

Lighting  equipment  (engine  and  dynamo  and  wiring) 207 .  00 

Total $7,662.63 

In  Colorado,  a  dipper  dredge  having  a  24  X  76-ft.  hull,  IH-yd.  dipper,  and 
i      50-ft.  boom,  was  used  in  cleaning  out  and  enlarging  about  20  miles  of  canal. 

The  equipment,  complete,  including  cook  and  bunk  boats,  cost  $16,600. 
I  Two  shifts  of  11  hours  each  were  run.  During  the  year  for  which  the  data 
j  aie  given  the  dredge  was  actually  in  operation  but  187  da3rs,  or  68  per  cent 
I      of  the  total  working  days.    The  following  crew  were  paid  the  given  rates 

per  month,  including  board:  Head  runner,  $120;  1  runner,  $110;  2  cranemen 
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at  $55;  2  firemen  at  $45;  2  deckhands  at  $40;  1  teamster,  $40;  1  cook,  150. 
No  right-of-way  clearing  was  required.  The  water  for  the  boil^  was  taken 
from  the  canal,  and  as  a  result  considerable  trouble  was  experienced  from  mud 
and  scale.  The  cost  data  below  are  based  on  the  amount  of  material  moved 
from  inside  the  grade  stakes  during  the  year,  amounting  to  394,387  cu.  yd. 
It  was  estimated  that  an  excess  of  25  per  cent  was  actually  moved.  The 
following  was  the  cost  of  the  work  for  one  year: 

Operation : 

Labor  operating  dredge $  6,243.70 

Coal,  including  freight,  1,276.65  tons,  at  $2.35 3.000. 13 

Hauling  coal,  1,276.65  tons,  at  82M  cents 1 ,053.24 

Oil.  waste,  and  miscellaneous  supplies 692 .  80 

Cost  of  controlling  water  to  float  dredge 369.24 

Repairs,  labor,  and  material 3,894.67 

Removing  and  replacing  bridges. 837 . 78 

Interest  and  depreciation 6,765.00 

Total $22,856.56 

Cost  per  cubic  yard,  $0,058. 
Miscellaneous  expenses: 

Engineering  and  8ui>ervision. $  1 ,856. 10 

Building  up  ditch  bank  and  making  road  on  top 4 ,721 .75 

Right  of  way  and  legal  expenses 190 .  42 

Total $  6,768.27 

The  cost  of  the  dredging  outfit  was  as  follows: 

Hull: 

Material $  1,960.83 

Labor,  including  hauling 1 ,959.99 

Machinery: 

Cost,  including  freight 9,997.72 

Hauling  and  installing 817 .  55 

Cook  and  bunk  boats: 

Material 663.90 

Labor 453. 66 

Equipment 646.35 

Total $16,500.00 

In  connection  with  a  drainage  project  in  southwest  Louisiana  a  steam- 
operated,  floating  dipper  dredge,  equipped  with  a  1-yd.  dipper,  40-ft.  boom, 
and  convertible  power  spuds  wais  employed  in  the  excavation  of  about  10 
miles  of  ditch  which  varied  in  width  from  18  to  50  ft.  and  in  depth  from  4  to 
6  ft.;  15-ft.  berms  were  specified.  The  cost  of  the  dredge  on  the  work  is  said 
to  have  been  $10,000.  Two  shifts  of  10  hours  each  were  run,  but  the  actual 
number  of  days  of  operation  was  not  recorded.  The  crew  and  monthly  rates 
of  pay,  including  subsistence,  were  as  follows:  Two  runners,  at  $100;  2  crane- 
men,  at  $60;  2  firemen,  at  $60;  1  deckhand,  $40;  1  cook,  $30.  The  material 
excavated  was  a  hard,  stiff  clay.  The  total  amount  excavated  in  about  8 
months  was  147,000  cu.  yd.  The  average  cost,  per  month,  of  operation  was  as 
follows: 

Labor. . . .- $    510 

Board 100 

Coal 262 

Repairs 200 

Oil  and  supplies 50 

Interest  and  depreciation 342 

Total $1 .464 

Cost  per  cubic  yard,  $0.0796. 
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A  steam-operated  floating  dipper  dredge,  mounted 'on  a  5  X  15  x  60-ft. 
hull  and  equipped  with  a  1-yd.  dipper,  38-ft.  boom,  and  inclined  telescopic 
bank  spuds,  was  used  in  the  excavation  of  about  10^  miles  of  ditch  in  North 
Carolina.  The  cost  of  the  dredge  is  stated  to  have  been  $6,613.82.  One 
shift  of  10  hours  per  day  was  run.  The  actual  number  of  days  of  operation 
was  not  recorded.  The  crew  and  rates  of  pay  were  as  follows:  One  engineer, 
$125  per  month;  1  craneman,  $2  per  day;  1  fireman,  $1.25  per  day;  1  watch- 
man, $1.50  per  day.  The  crew  fiu'nished  their  own  subsistence.  The  ditch 
was  about  18  ft.  in  top  width,  12  ft.  deep,  and  had  H  to  1  slopes.  It  followed 
an  old  creek  bed  for  a  large  part  of  the  distance.  The  material  excavated  was 
a  clay,  though  some  rock  was  also  encoimtered.  Based  upon  the  given 
dimensions  of  the  ditch,  the  total  excavation  amounted  to  295,000  cu.  yd. 
Eighteen  months  were  required  to  complete  the  work.  The  cost  was  as 
follows: 

Operation: 

Labor $  6,310.94 

Fuel 2,210.30 

Repairs: 

Labor 1 ,380. 12 

Material 1 ,  136.71 

Interest  and  depreciation 4,067.00 

Total $15,105.07 

Cost  per  cubic  yard,  $0.0512. 
Miscellaneous  expenses: 

Engineering $       164.83 

Clearing  right  of  way 282. 70 

Rebuilding  bridges 104.96 

Incidentals 48. 77 

Administration 618.00 

Total $  1,219.26 

Costs  of  Dredging  Main  Canals  on  a  Drainage  Project  in  Louisiana. — Engi- 
neering and  Contracting,  Oct.  25,  1911,  gives  the  following: 

The  excavation  was  begun  in  the  latter  part  of  1909  and  was  prosecuted 
almost  continuously  until  the  completion  in  August,  1911.  This  work  was 
carried  on  by  means  of  two  Marion  dipper  dredges,  one  with  a  ^  cu.  yd.  and 
the  other  with  a  IH  ou.  yd.  bucket.  The  large  dredge  was  on  the  ground 
when  the  work  was  begun  and  the  small  one  was  built  afterward  at  a  cost  of 
about  $8,500.  Two  oil  barges  of  about  400  bbls.  capacity  each  were  built  to 
carry  fuel  oil  for  the  dredges  from  New  Orleans.  All  supplies  had  to  be 
brought  in  on  barges.    One  25<h.p.  gasoime  tug  was  used  for  all  towing. 

The  cost  figures  for  the  work  which  follow  were  taken  from  the  company's 
books,  with  the  exception  of  the  charge  for  plant.  This  is  an  arbitrary  figure 
based  on  an  estimate  of  25  per  cent  depreciation  of  the  plant  for  the  two 
years'  work.  The  plant  is  taken  as  worth  $20,500  at  the  beginning  of  woiiu 
The  labor  charge  is  taken  from  the  payroll  account  and  includes  all  labor 
charged  to  the  contract,  such  as  dredgemen,  camp  labor,  clearing,  towing, 
superintendence,  etc.  The  supplies  include  all  supplies  except  camp  supplies. 
The  repair  account  includes  all  repair  parts  and  freight  on  same,  but  does  not 
include  the  labor  for  making  repairs.  The  general  expense  account  includes 
all  expense  not  included  ia  other  accoimts,  such  as  taxes  on  plant,  traveling 
expenses,  railway  fares  of  men,  office  expenses,  etc.  No  interest  is  included. 
The  fuel  account  includes  only  the  oil  used  for  the  operation  of  the  dredges. 
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Tbe  rates  at  waees  paid  were  for  common  labor  (2  per  da;,  engineer  I 
montli,  cranemon  SOS,  fireman  tSO. 

The  rales  ol  tbe  montUj  meD  Include  board  in  addition.    Tb 
foUon: 

Total  yacdaie  674,921  P«i 

Plant  (arHtrary) tO 

General. .  " 


Bopplie*. . . 


Coats  of  Ditch  BiuratioD  with  Templet  BKcavatora. — Englneeri 
Contracting,  Feb,  fl,  1916,  givea  the  (ollowlng  eitract  from  Bulletin  1 
(OiGce  of  Public  Roads  and  Rural  Engineering)  by  D.  L.  Yamell. 

A  single-bucket  templet  excavator  was  used  in  southern  LouisianB 
construction  ol  7,826  ft.  of  ditcb  having  a  24-ft.  bottom  width  and 
in  depth  from  3.5  to  7  ft.  Tlie  side  slopes  were  1  to  1,  and  the  width  i 
was  15  ft.  The  total  eicavation  was  43,12S  eu,  jd.  The  total  cost 
machine  on  the  work  was  t8,G06.22.  The  soil  was  a  yellow  clay  wit 
spots  ol  sravelly  clay,  and  the  top  goU  waa  baked  very  hard.  No 
difficulties  were  encountered  eicept  that  considerable  cribbing  was  ae 
to  leeel  Up  the  track  supporting  tbe  excavator  when  crossing  nature 
courses;  except  for  these  streams  the  ground  was  level.  Some  troul 
also  experienced  with  the  traction  device,  due  to  the  (act  that  the  dll 
larger  than  that  for  which  tbe  machine  was  designed.  Tbe  actual  nin 
working  dajs  was  12S.  73  days  of  which  were  spent  in  actual  digging; 
cu.  ;ds.  were  dug.  Thecost  of  operation  per  day  was  as  follows:  One  o| 
9S.&5:  one  firenian,  S2.28;  three  deck  hands,  S6.27;  one  team  and  te 
S5.40.  The  total  coat  per  day  vas  tlT.SO.  The  average  daily  excava 
tbe  128  days  worked  was  337  cu.  yds.  or  107  lln.  ft.  of  ditch.  The  total 
operation  tor  6  months  waa  S3,S00  divided  as  follows: 

Operating,  labor tl  .881 

ChHTBtiug.  materials 481 

Fuel 80! 

Repairs,  labor 29' 

Bepairs,  materiala. . 22; 

Total I3.60( 

Interest  and  depreciation  In  that  time,  at  4 1  per  font  per  annum 
amount  to  tl.453.  making  the  total  cost  t4.DG3  and  tbe  cost  per  cub 
W.1I40. 

Cost  ol  Op«iBtiD|  Whoel  Type  Excamlors  io  Drainage  Dltching.- 
neerins  and  Contracting,  Jan.  26,  1916,  publishes  tbe  foUowing  extrai 
Bulletin  No.  300,  by  D,  L,  Yamelt.  olflce  of  Public  Roads  and 
En^eering. 

Two  machines  of  the  wheel  type  designed  to  cut  a  ditch  4  ft.  dee 
wide  at  the  top,  and  2  fl,  wide  at  the  bottom,  were  used  on  the  exci 
of  some  ditches  In  one  of  the  Gulf  States,  Each  machine  was  driven  h 
hp.  gasoline  engltte.    The  digging  wheel  was  IS  tt.  In  diameter  and  t 
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apron  tractors  each  6  ft.  by  12  ft.  The  weight  of  each  excavator  was  about  30 
tons.  The  first  cost  of  the  machine  was  $5,500  and  freight  to  the  point  of 
use  was  $338.36,  making  the  total  cost  of  each  mactiine  $5,838.36.  The  soil 
was  a  hard,  yellow,  sandy  clay  overlain  by  a  turfy  muck,  varying  in  depth  up 
to  2H  ft.  The  turf  was  easily  cut.  but  the  hard  clay  caused  excessive  wearing 
on  the  bearings.  A  large  part  of  the  work  was  done  when  water  was  from  2 
to  3  ft.  deep  on  the  land.  The  total  length  of  the  ditches  dug  was  165  miles, 
the  average  length  of  ditch  being  2,475  ft.  The  average  depth  of  digging 
was  about  4  ft.,  with  a  4-ft.  top  and  2-ft.  bottom.  The  average  distance  dug 
per  shift  of  10  hours  of  actual  running  time  was  2.250  ft. ;  the  maximum  dis- 
tance dug  in  10  hours  was  6,600  ft.  The  average  yardages  per  month  for  the 
two  machines  were  13,245  and  13,180  cu.  yds.,  respectively.  The  average 
dally  outputs  on  the  basis  of  the  actual  running  time  were  1,000  and  1,126 
cu.  yd.,  respectively.  A  part  of  the  time  the  first  machine  ran  a  double 
shift,  which  accounts  for  the  higher  monthly  and  less  daily  average  It 
required  13  months  to  complete  the  work,  the  actual  time  of  operation  being 
about  half  this.  On  account  of  the  excessive  wearing  on  the  bearings,  caused 
by  the  heavy  sandy  clay,  it  was  necessary  to  make  frequent  stops  for  rebuild- 
ing the  machines,  which  operation  occupied  an  average  of  nearly  two  weeks. 
The  total  excavation  was  317,162  cu.  yd. 
The  daily  operating  expense  per  10-hour  shift  for  each  machine  was  about 

as  follows: 

Pa-dsy 

One  operator,  at  $100  per  month $      4.00 

One  assistant. 2.00 

50  gallons  gasoline,  at  16  cents 8 .  00 

Repairs 6.00 

Other  charges 12.00 

Total $82.00 

The  itemized  cost  for  operation  for  the  entire  work  was  as  follows: 

Labor .- $  5. 172. 11 

Interest,  discount,  and  exchange 202.05 

Maintenance  and  repairs 2.860.08 

General  expense 273 .  10 

Management  expense 1 , 600. 00 

Provisions  and  cooking  (cook's  wages) 2.245.91 

Freight  and  express 76. 74 

Towing 468. 19 

Gasoline 1 ,792.22 

Other  oil 281 .49 

Teams  and  livery 932. 11 

Telephone  and  telegraph 25. 29 

Motor  boat  operation 540. 96 

Interest  and  aepreciation  on  machinery 5, 185.00 

Total $21,644.25 

Cost  per  cubic  yard,  $0.0682. 

Machine  Machine 

No.  1  No.  2 

Machine  running $     917.97  $1 ,509.66 

Machine  repairing 1 ,431 .  37  771 .96 

Machine  moving 105.20  88.61 

Machine  bogged 156.90  190.64 

Total $2,611.44  $2,560.67 

The  excessive  cost  of  labor  given  for  the  machines  when  bogged  was  due  to 
the  frequent  crossings  of  a  wide,  muck-filled  bayou  which  ran  the  entire  length 
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of  the  district.  This  bayou  was  about  1.600  ft.  wide;  the  mucd^  ranged  from 
6  to  15  ft.  deep  and  was  very  soft.  No  tree  roots,  submerged  timber,  or 
stumps  were  encountered.  The  work  covered  an  area  of  about  7.000  acres, 
approximately  square,  which  was  traversed  by  parallel  canals  every  half  mile. 
The  ditches  cut  by  the  excavators  were  at  right  angles  to  these  canals  and  were 
spaced  330  ft.  apart.  It  was  thus  necessary  to  turn  the  machine  around  and 
run  it  Ught  330  ft.  for  each  hiOf  mile  of  ditch  cut.  The  item  "  moving  "  is  for 
taking  the  machine  across  the  canals  and  for  moving  from  one  part  of  the 
district  to  another;  it  does  not  refer  to  the  moving  between  adjacent  ditches. 

On  a  project  in  southern  Louisiana  a  whe^  excavator,  cutting  a  ditch  Ayiit, 
deep  with  a  top  width  of  4H  ft.  and  a  bottom  width  qH  about  20  in.,  was  used. 
The  machine  worked  on  comparatively  solid  ground.  Power  was  supplied 
by  a  28-hp.  gasoline  engine.  The  first  cost  was  $4,000,  and  freight  charges 
from  factory  to  works  were  $350.  After  the  machine  had  been  operated  for 
a  short  time  it  became  apparent  that  the  excavating  wheel  was  far  too  light 
and  a  new  wheel  was  substituted.  The  8<^  was  a  silt  loam,  firm  and  uniform 
but  not  tenacious.  No  special  difficulties  due  to  soil  conditions  were  encoun- 
tered in  this  work.  The  chief  obstacles  to  rapid  progress  were  at  first  the 
weakness  of  the  light  excavating  wheel,  and  afterwards  the  extra-heavy  exca- 
vating wheel  which  unbalanced  the  machine.  The  tractors  were  larger  than 
necessary  and  often  broke  down  when  turning  on  the  hard  ground.  At  the 
time  the  following  cost  records  terminated,  the  work  had  been  carried  on 
intermittently  for  about  18  months;  about  one-half  this  time  was  occupied  in 
repairs.  During  this  time  the  machines  dug  117,000  ft.  of  ditch  4H  ft.  deep, 
45.500  ft.  3H  ft.  deep,  and  9,250  ft.  twice  over,  the  machine  making  two  4H- 
ft.  cuts  side  by  side.  The  average  length  of  ditch  cut  per  day  was  800  ft., 
while  the  maximum  was  1,950  ft.    The  daily  cost  of  operation  was  as  follows: 

Labor $  6. 60 

Fuel. 4.20 

Inddentals .60 

Repairs 2.40 

Total $12.60 

The  average  excavation  per  day  was  410  cu.  yd.,  based  on  the  average  of 
800  ft.  of  ditch,  4>^  ft.  deep,  4H  ft.  wide  at  the  top,  and  20  in.  wide  at  the 
bottom.  The  machine  excavated  82,330  cu.  yd.  in  18  months  at  the  following 
itemized  cost: 

Gasoline  based  on  215  actual  days*  operation  (estimated)..  $    903.00 

BepairSj  actual  cost 860. 00 

Incidentals  at  50  cents  per  day 120. 25 

Labor  of  foreman.  18  months,  at  $75  per  month 1 ,350.00 

Other  labor,  two  men,  $2.50  per  day  for  250  days 625.00 

Interest  and  depreciation 2,675.25 

Total $6,533.50 

Cost  per  cubic  yard,  $0.0793. 

Coat  of  Straddle  Ditch  Bzcavmtors  Work. — D.  L.  YameU  gives  the  follow- 
ing in  Bulletin  No.  300,  (^Oce  of  PubUc  Roads  and  Rural  Engineering,  ab- 
stracted in  Engineering  and  Contracting,  Jan.  19,  1916. 

A  machine  fA  this  tjrpe  often  used  has  a  30-ft.  boom  and  a  1-yard  dipper. 

The  steam  power  used  is  obtained  through  a  2-cylinder,  35-hp.  engine  and  a 

vertical  boiler.    The  machine  rests  on  a  platform  which  is  mounted  on  two 

steel  beams,  each  29  ft.  long,  that  straddle  the  ditch.    It  can  be  mounted  on 

40 
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either  caterpillar  tractors  or  wheeled  trucks.  In  the  latter  case,  each  &ad  of 
the  two  beams  is  supported  oH  a  two-wheeled  oscillating  truck,  the  wheels 
being  2  ft.  high  and  18  in.  wide.  They  run  on  a  wooden  track  6  in.  thick  and 
3  ft.  wide,  which  is  built  in  six  sections  each  20  ft.  long.  One  section  of  the 
track  on  each  side  is  always  unoccupied  and  these  are  lifted  ahead  by  means 
of  cranes  opiated  by  power  derived  from  the  engines.  This  track  will  sup- 
port the  machine  in  the  softest  ground.  The  excavator  will  dig  12  ft.  deep 
and  22  ft.  wide  on  firm  ground;  with  an  extension  to  the  dipper  handle  it  can 
dig  18  ft.  deep.  It  will  deposit  the  dirt  on  either  side  at  a  distance  of  32  ft. 
from  the  center  of  the  ditch.  The  dipper  will  swing  over  a  bank  14  ft.  high. 
Where  track  is  used  the  machine  is  pidled  ahead  by  a  cable  from  the  engine 
which  hooks  to  the  track  on  both  sides;  this  is  done  without  interrupting  the 
work  of  excavating.  If  desired,  caterpillar  tractors  are  furnished  instead  of 
the  wheeled  trucks.  The  front  tractors  are  4  ft.  wide  by  11  ft.  long,  and  the 
rear  tractors  are  4  ft.  wide  by  7H  ft.  long.  This  excavator  has  been  known  to 
dig  as  high  as  1,500  cQ.  yd.  in  10  hours  in  especially  favorable  material.  It 
has  dug  through  12  in.  of  frost.  From  seven  to  eight  men  can  set  up  and  take 
down  the  machine  in  from  five  to  eight  days. 

Another  machine  oi  this  type  has  a  38-ft.  boom  and  a  1-yard  dipper.  Power 
is  supplied  by  an  internal-combustion  engine  of  25  or  40  hp.  which  bums  kero^ 
sene,  gasoline,  or  distillate  oil.  The  machine  rests  on  a  platform  whidi  is 
mounted  on  two  steel  beams,  whose  standard  span  is  32  ft.  Extension  axles 
are  provided  which  permit  of  a  maximum  increase  of  3  ft.  in  the  span.  The 
front  axle  is  mounted  on  a  two-wheeled  swiveling  truck  with  cast-steel  dou* 
bleflange  wheels.  The  rear  end  is  carried  by  two  heavy,  wide-faced,  dou- 
bleflange  steel  wheels  set  loosely  on  the  axle.  The  shipping  weight  of  this 
size  of  dredge,  including  engine,  dipper,  and  machinery,  is  approximately 
38,000  lb. 

Perhaps  the  cheapest  straddle-ditch  excavator  of  the  dipper  type  that  is  in 
use  is  a  home-made  one  which  has  been  used  to  some  extent  on  small  ditches 
in  Iowa.  The  machine  is  of  the  revolving  type.  It  is  equipped  with  a  ^- 
yard  dipper  and  a  28-ft.  boom.  The  power  is  derived  from  a  6-hp.  gasoline 
hoisting  engine  geared  to  three  hoisting  drums,  one  of  which  hoists  the  end  of 
the  dipper,  one  hoists  the  boom,  and  one  pulls  the  machine  ahead.  The 
machinery  is  lAounted  on  a  platform  which  revolves  upon  a  turntable  sap- 
ported  on  two  wooden  beams  which  straddle  the  ditc^.  The  beams  rest  on 
wooden  wheels,  the  entire  span  being  22  ft.  The  dipi>er  handle,  instead  of 
moving  forward  and  backward  at  the  boom,  is  pivoted.  The  entire  machine 
weighs  only  about  17,000  lb.  and  costs  about  $1,200. 

This  excavator  has  dug  as  high  as  400  cu.  yd.  a  day,  but  averages  about  200 
cu.  yd.  It  can  excavate  a  ditch  with  a  20-ft.  top  and  can  dig  13  ft.  deep,  but 
6  or  7  ft.  is  the  best  working  depth.  Two  men  can  erect  the  machine  in  2H 
days  and  dismantle  it  in  H  day;  it  makes  about  sev^i  wagon  loads.  The 
hoisting  apparatus,  which  is  the  heaviest  part  of  the  machine,  weighs  4,100 
lb.  The  excavator  is  moved  ahead  by  means  of  a  "  dead  man"  and  cable,  and 
canbemovedacrosscountryat  a  speed  of  about  1  mite  per  day.  The  machine 
can  take  out  five  shovel-loads  in  two  minutes,  and  has  dug  through  6  in.  oC 
frost.  Only  two  men  are  required  to  operate  it — one  operator  and  one 
trackman. 

A  ditch  constructed  by  this  machine  in  Iowa  had  an  18-ft.  top,  4-lt.  bottom 
and  6H-ft.  depth.  From  8  to  10  gal.  of  gasoline,  costing  16H  ct.  at  the  works. 
were  used  per  day.    The  material,  which  was  a  loam  underlain  by  a  stiff 
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gravelly  subsoil,  was  excavated  at  the  rate  of  about  200  cu.  yd.  in  10  hours. 
The  cost  of  operaUon  per  shift  was  as  follows: 

One  operator $4 .  00 

One  trackman 2.00 

Ten  gallons  gasoline,  at  $0.16>2 1 .  65 

Total $7.65 

The  cost  per  cubic  yard,  exclusive  of  interest  and  depreciation,  was  about 
3.8  ct.     The  contract  price  on  5,000  cu.  yd.  was  12  ct. 

Such  a  machine  as  this  would  be  well  adapted  to  digging  the  small  ditches 
in  the  South  that  are  almost  imiversally  put  in  by  hand  at  a  cost  of  about  25 
ct.  per  cubic  yard.  Even  in  ground  covered  with  stimips.  by  using  plenty  of 
dynamite  this  type  of  excavator  could  be  used  to  advantage  in  reducing  the 
cost  of  small  ditches. 

In  general,  it  may  be  said  that  the  dry-land  dipi)er  dredge,  though  applicable 
to  certain  conditions,  has  no  extensive  use  in  drainage  wq^k,  as  excavation  that 
is  suitable  to  this  machine  .can  usually  be  handled  to  better  advantage  by  the 
drag-line  scraper  excavator. 

Drag  Line  Excavators  on  Ditch  Work. — The  following  extract,  from  Bulle- 
tin No.  300,  office  of  Public  Roads  and  Rural  Engineering  on  "Excavating 
Machinery  Used  in  Land  Drainage"  by  D.  L.  Yamell,  is  given  Engineering  in 
and  Contracting,  Feb.  2,  1916. 

A  drag-line  excavator  of  the  rotary  type,  having  a  2-yard  scraper  bucket 
suid  a  60-ft.  boom,  was  used  in  the  construction  of  drainage  ditches  in  southern 
Texas.  It  was  built  mostly  of  wood  and  moved  on  refers.  Power  was 
derived  from  an  80-hp.  internal-combustion  engine,  burning  oil.  The  cost  of 
the  excavator,  ready  to  operate,  was  $12,000.  It  was  operated  about  10 
months  in  two  daily  shifts  of  10  hours  each,  a  shift  consisting  of  10  men.  The 
actual  working  time  was  not  recorded.  The  ditch  ranged  from  4  to  22  ft.  in 
bott<mi  width,  from  3  to  12  ft.  in  depth,  and  had  1  to  1  side  slopes.  The  soil 
varied  from  a  stiff,  heavy  clay  to  a  fine  sand.  The  excavation  amounted  to 
230,000  cubic  yards;  the  cost  was  as  follows: 

Operating  expenses $22,313.36 

Mjscellaneous  expenses 374 .  70 

.  Interest  and  depreciation 4, 100. 00 

Total $26,788.06 

Cost  per  cubic  yard,  $0.1104. 

On  another  drainage  project  in  southern  Texas,  a  2-yard  rotary  excavator 
was  used.  The  machine  was  of  steel  throughout,  had  a  60-ft.  boom,  and  was 
mounted  on  caterpillar  traction.  The  crew  consisted  of  a  foreman,  operator, 
eogineman,  oiler,  and  two  laborers.  The  machine  was  operated  by  a  1 10-hp. 
inttfnal-combustion  engine,  with  oil  as  fuel.  The  total  cost  of  the  machine 
was  about  $17,500.  The  cost  of  erection  was  $509.  During  the  four  months 
of  operation  two  10-hour  shifts  were  run.  The  ditches  ranged  from  4  to  22 
ft.  in  bottom  width  and  from  3  to  12  ft.  in  depth,  with  1  to  1  side  slopes  and 
8^.  berms.  The  material  excavated  was  a  stiff,  heavy  clay.  The  excavation 
amounted  to  01,400  cu.  yd.;  the  cost  was  as  follows: 

Operating  expenses $  8,873.82 

l^fisoellaneous 371 .  00 

Interest  and  depreciation 2 ,  391 .  00 

Total $11,635.82 

Cost  per  cubic  yard,  $0.1273. 
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In  the  same  general  locality  as  the  last  example  a  IH-yard  rotary  drag-line 
excavator,  operated  by  a  50-hp.  internal-combustion  engine  and  mounted  on 
caterpillar  traction,  was  used  in  the  construction  of  some  ditches  in  soil  ranging 
from  stiff,  heavy  clay  to  fine  sand.  The  ditches  were  of  the  same  dimensions 
as  in  the  foregoing  example.  The  machine  was  rebuilt  from  an  old  dipper 
dredge  at  a  cost  of  about  $1,200.  It  was  operated  in  two  daily  shifts  of  10 
hours  each.  The  crew  for  each  shift  consisted  of  from  five  to  six  men.  Dur- 
ing the  five  months  of  operation  the  machine  moved  59,014  cu.  yd.  at  an  ex- 
pense, exclusive  of  interest  and  depreciation,  of  $8,921,  or  $0.1512  per  cubic 
yard. 

A  rotary  drag-hue  excavator  with  a  2>^-yard  bucket  and  65-ft.  boom, 
mounted  on  skids  and  rollers,  was  used  in  the  excavation  of  222,500  cu.  yd. 
In  South  Dakota.  The  power  was  obtained  from  a  50-hp.  internal-combustion 
engine,  using  gasoline.  The  cost  of  the  machine,  complete,  was  $10,500.  The 
total  time  of  construction  was  148  working  days,  or  approximately  six  months, 
of  which  23  days  were  occupied  in  making  repairs.  Two  shifts  of  11  hours 
each  were  run.  The  soil  was  a  loam  underlain  by  clay.  The  crew  and  rates 
per  month  were  as  follows:  One  superintendent,  $125;  2  cranemen,  at  $100; 
4  trackmen,  at  $50;  1  teamster,  $45;  1  cook,  $40.  The  operating  expenses 
were  as  follows: 

Gasoline,  15,444  gallons,  at  $0.124 $  1 ,915.05 


Labor. 

Subsistence 

Cables 

Repairs  and  renewals 

Miscellaneous 

Interest  and  depreciation. 


Total 

Cost  per  cubic  yard,  $0.0521. 


3,060.00 

561.81 

978.87 

845.93 

2,078.72 

2.152.50 

$11,592.88 


The  following  costs  were  secured  on  the  operation  of  a  rotary  drag-line 
excavator  with  an  85-ft.  "boom,  2-yard  bucket,  and  a  50-hp.  engine.  The  work 
was  done  on  the  New  York  State  Barge  Canal.  The  machine  weighed  147 
tons  and  cost  $10,000.  It  excavated  earth  90  ft.  from  center  on  one  side  and 
deposited  it  100-ft.  from  center  on  the  other.  It  dug  a  channel  25  ft  de^. 
and  deposited  the  material  on  waste  bank  15  to  25  ft.  high.  The  material 
was  a  stiiT  clay,  with  few  stumps  or  bowlders.  The  following  is  a  condens- 
ed cost  record  for  five  months'  work: 


Total  expense 

Month  for  month 

April $1,088.21 

May 1.041.53 

June 1,152.04 

July 1,317.61 

August 1 ,  535. 36 


Yards 

excavated 

during  month 

5,205 
18.365 
25.333 
33.055 
47,363 


Average  cost  per  yard  for  5  months,  including  all  charges.  $0.0474. 
In  May.  items  of  cost  were  as  follows: 


Average  cost 
per  3rard 

$0,209 
.0568 
.0455 
.0399 
.0324 


Engineer,  at  $90  per  month 

Engineer,  at  $95  per  month 

Fireman,  pumpmen,  watchmen,  etc.,  at  $1.75  per  day. 

Coal,  at  $3  per  ton 

Repairs,  including  labor  and  material 

Interest  and  depreciation 


90.00 

84.04 

863.00 

147.00 

15.82 

341,67 


Total $1,041.5$ 
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Cost  of  Drag  Line  BzcaTator  Operation. — ^Engineering  and  Contracting. 
Feb.  20.  19I8,  gives  the  following. 

In  ccmnection  with  drainage  construction  on  U.  S.  Reclamation  Projects 
over  2,000,000  cu.  yd.  of  earth  were  excavated  during  1916  with  four  Class 
9H  Bucynis  electric  dragline  excavators.  The  machines  were  operated  by 
Government  employes.  Electric  power  was  furnished  at  a  cost  of  about  0.35 
ct.  per  kilowatt  hour  from  the  Re<damation  Service  power  plant. 

The  drains  constructed  were  all  open-channel  cuts  varying  from  7  to  12  ft. 
in  depth,  with  side  slopes  of  IH  to  1  and  2  to  1,  and  with  usual  base  width  of 
from  5  to  10  ft. 

The  drag-line  excavators  were  operated  three  8-hour  shifts  per  day  with 
crews  of  one  operator  and  one  oiler.  The  material  excavated  consisted  prin- 
cipally of  clay,  loam,  soil,  and  boulder  gravel  laid  in  day  and  sand.  This 
latter  material  constituted  about  40  per  cent  of  the  total  excavation  and  wore 
out  bucket  parts  very  rapidly.  Temporary  3-phase  electric  transmission 
lines  for  operating  the  excavators  were  erected  at  a  labor  cost  of  about  $85 
per  mile  and  torn  down  at  a  cost  of  $20  per  mile,  the  line  materials  being  used 
repeatedly  along  successive  drains.  The  following  table  from  the  last  annual 
report  of  the  U.  S.  Reclamation  Service  shows  the  cost  of  excavating  with  the 
four  drag  lines  for  the  12  months,  Jan.  1  to  Ded.  31,  1916: 

Cost  per 
Classification  Total  cost     cu.    yd. 

Operation $  20,629.88  $0.0077 

Power 16,661.16  .0059 

Repairs : 33.650.11  .0126 

Moving  up 3,943.89  .0015 

Cutting  side  drains 4,984.68  .0019 

Rnishmg  (hand  labor) 629.37  .0002 

Drilling  and  blasting* 217.34  .0001 

Moving  to  new  work 1 ,923 .  00  .  0007 

L ______ 

Sub-total $  81 ,539.42  $0.0306 

Project  general  expense          4 ,  468 .  96       .  0017 

Depreciation  excavation  equipment 31 ,943.96       .0120 

Depreciation  temporary  power  system 29,351 .  11       .0110 

Total  cost $147,302.99  $0.0554 

Total  yardage 2,660.465 

Total  nuleage 54. 17 

Cost  per  miW $     2,719.27 

*For  excavation  of  2,385  cu.  yd.  of  rock. 

The  average  digging  rate  of  the  four  machines  was  150  cu.  yd.  per-hour,  or  at 
the  rate  of  two  cycles  per  minute,  with  1^  cu.  yd.  capacity  buckets.  The 
following  table  shows  the  machine  efficiency: 

Total  hours        Per  cent 

Digging 17,732.50  76.9 

Repairs 2,729.75  11.8 

Moving 1.486.00  6.5 

Bksting 64.75  0.3 

Side  drains  and  runways 591 .75  2.6 

Power  ofiF 430.25  1.9 

Total 23,035.00  100.00 


In  excavating  2,660,465  cu.  yd.  the  machines  worked  2,824  shifts,  the  aver- 
age yardage  per  shifting  being  940.  The  highest  nm  per  shift  was  1,967  cu. 
yd. 
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Cost  of  Digging  Drainage  Ditch  with  Gasoline -driTon  Dragline. — ^P.  F. 
Jones  gives  the  foUowing  information  in  Engineering  and  Contractingr.  Dec. 
17.  1919.  A  H  cu.  yd.  dragline  during  the  past  season  excavated  a  drainage 
ditch  for  the  Modesto  Irrigation  District  of  Stanislaus  County,  California,  at 
cost  of  13  ct.  per  cubic  yard.  This  figure  comprises  actual  running  expenses, 
including  labor  and  material,  but  not  int^^st  or  d^reciati<»i.  The  material 
excavated  was  50  per  cent  sandy  loam  and  50  per  cent  clay  hard  pan.  The 
ditch  had  a  6-ft.  bottom,  was  8  ft.  deep,  with  slopes  of  IH  to  1.  It  was  ap- 
proximately 2  miles  in  length.    The  crew  included  one  operator  at  S200per 
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FiQ.  1. — Sketches  showing  arrangement  of  holes  for  excavating  ditches  with 

dynamite. 

month;  one  oiler  at  $5  per  day  and  one  2-horse  team  and  driv^  at  $7  per  day. 
The  quantity  of  earth  moved  per  12-hour  siiif  t  amounted  to  approximately  400 
cu.  yd. 

Cost  of  Excavating  Drainage  Ditches  with  Dynamite. — A  very  considerable 
amount  of  farm  ditching  is  being  done  with  djmamite.  Instead  of  digging 
these  ditches  by  hand  or  machine,  one  or  more  rows  of  holes  are  made  along 
the  line  of  the  ditch  and  a  small  djmamite  cartridge  is  placed  in  each  hole  and 
the  cartridges  are  exploded  simultaneously.  The  result  of  the  explosion  is  a 
channel  which  with  very  little  labor  makes  a  satisfactory  drainage  dit<di. 
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Djmsumiting  is  confined  to  the  smaller  sizes  of  ditches,  say  up  to  6  ft.  deep, 
but  for  chann^  of  these  sizes  in  suitable  soils  some  very  excellent  Jesuits  are 
reported.  '* 

Fig.  1  shows  the  arrangement  of  holes  for  ditches  of  several  widths.  A  steel 
bar  driven  with  a  sledge  is  employed  to  make  the  holes.  The  cartidges  are 
placed  at  the  bottom  of  the  holes  and  connected  up  with  fuse  or  wire  and  then 
fired  in  the  usual  manner.  The  arrangement  and  spacing  of  the  hoies  difter 
with  the  soil  and  had  best  be  determined  for  each  condition  by  a  series  of 
trials.  As  ^camples,  the  following  reports  of  work  done  at  Chadboume,  N .  C . . 
for  the  Brett  Bngineering  Co.  are  of  interest: 

"  Where  the  ground  was  comparatively  free  from  stumps  and  roots  we  put 
down  holes  18  ins.  apart,  3}^  ft.  deep,  and  100  holes  in  all.  Each  hole  was 
I>ointed  45°  and  loaded  with  one  stick  of  Hercules  60  per  cent  N.  G.  dynamite 
IM  X  8  Ins.,  the  center  hole  being  primed  with  an  extra  stick  and  a  double 
strength  exploder.  The  result  was  a  ^ood  ditch  7  ft.  wide  on  top,  3  ft.  on  the 
bottom  and  3  ft.  deep  and  150  ft.  long.  Costs  of  finishing  and  trimming 
according  to  specifications  per  running  foot  were: 

Total  cost  of  explosives  used tl  1 .  35 

Total  cost  of  putting  down  holes .50 

Total  cost  of  finishing  and  trimming * 4.50 

Total  cost  of  150-ft.  ditch $16.35 

Total  cost  per  running  foot .  100 

"  The  next  ditch  was  shot  at  SoUo  Swamp,  where  the  ground  was  heavily 
matted  with  roots  and  stumps.  The  specifications  here  called  for  a  ditch  14 
ft.  wide,  2V6  ft.  deep.  We  put  a  double  row  of  holes,  100  in  each  row,  18  ins. 
apart  laterally,  4^i  ft.  apart  longitudinally,  and  4  ft.  deep.  Both  rows  pointed 
45**  in  the  same  direction.  The  middle  holes  primed  with  an  extra  stick  and  a 
double  strength  exploder.  Along  the  path  of  this  ditch  we  counted  35  stumps 
from  6  ins.  to  3  ft.  in  diameter.  The  result  was  a  clean  ditch  12  to  14  ft.  wide, 
4  ft.  deep  and  150  ft.  long. 

Cost  of  explosives  per  running  ft $0. 10 

Cost  of  holes  per  running  ft 0066 

Cost  of  labor  per  running  ft 03 

Total  cost  per  running  ft $0.1366 

"  The  next  ditch  was  shot  at  Dunn  Swamp,  where  we  decided  to  put  down 
150  ft.  in  the  muddiest  and  stickiest  kind  of  ground.  We  put  down  a  double 
row  of  holes  18  ins.  apart,  4\i  ft.  laterally,  4  ft.  deep,  both  rows  pointed  45" 
in  the  same  direction.  Each  hole  loaded  with  one  stick  of  60  per  cent  and  the 
middle  hole  of  each  row  primed  with  a  double  strength  exploder.  All  the 
holes  well  tamped.  Result  was  a  very  clean  ditch  14  ft.  wide,  3^^  to  4  ft. 
deep  and  150  ft.  long.  The  total  cost  of  this  ditch  was  .the  same  as  the  ditch 
shot  at  Sollo  Swamp." 

According  to  Engineering  and  Contracting,  March  21,  1917,  dsmamite  was 
used  in  blasting  open  drainage  ditches  at  the  experiment  station  farm  of  the 
Montana  Agricultural  College  at  Bozeman,  Mont.  The  soil  where  the  ditch- 
ing was  done  is  very  gravelly  and  contains  many  large  rocks,  making  digging 
difficult  and  expensive. 

Two  sticks  of  60  per  cent  Hercules  dsmamite  were  placed  in  h<^es  22  in. 
apart,  this  distance  being  determined  by  experimenting  to  be  the  most  desir- 
able for  the  soil  conditions.  About  25  holes  were  usually  fired  at  one  shot,  the 
middle  hole  being  used  for  the  primer.  A  length  of  647  ft.  was  blasted  at  a 
cost  for  labor  of  $51.25,  or  $1.31  per  rod.     The  expense  of  cleaning  out  the 
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ditch  after  blasting  was  27  cts.  per  rod,  which  is  included  in  the  above  cost. 
Dynamite,  caps  and  fuse  for  the  job  cost  $1.05  per  rod  (dynamite  at  22  ct. 
per  pound).  The  following  is  a  comparison  of  three  lengths  of  ditch  con- 
structed in  1015: 

Kind  of  work                                                                         Length  of  Total  cost 

ditch,  rods  per  rod 

Hand-dug  ditch 14.0  S3. 35 

First  length  of  blasted  ditch 17.0  3.10 

Second  length  of  blasted  ditch 39. 2  2.36 

Cost  of  Maintaining  Drainage  Ditches  in  the  South.— According  to 
Engineering  News-Record,  Aug.  8,  1918,  keeping  a  land  drainage  channel 
clear  of  growth  and  debris,  cost  $15  to  $35  per  mile  on  a  ditch  8-ft.  deep, 
14-ft.  wide  at  base  and  with  side  slopes  of  IH  •  1-  These  costs  per  mile  include: 
labor,  moving  camp,  food  and  cook's  salary,  depreciation  on  camp  equipment 
and  tools,  together  with  aU  incidental  expenses  with  the  exception  of  Engineer- 
ing supervision. 

The  rates  of  wages  were  as  follows:  foreman  $3  per  day,  laborers  boarding 
in  camp  $1  per  day  and  laborers  boarding  themselves  $1.25  to  $1.50  per  day. 

Costs  of  Cleaning  Drainage  Ditches. — Methods  employed  in  cleaning 
drainage  ditches  are  described  by  Seth  Dean,  in  the  Proceedings  of  the  Iowa 
State  Drainage  Association;  from  which  Engineering  and  Contracting,  Oct. 
28,  1914,  abstracts  the  following: 

In  the  spring  of  1910  the  writer  cleaned  a  bed  of  silt  ranging  from  6  ins.  to 
3  ft.  in  thickness  and  three-fourths  of  a  mile  in  length  from  a  channel  originally 
cut  16  ft.  wide  on  the  bottom,  but  at  the  time  in  question' the  stream  of  water 
flowing  over  the  silt  was  about  10  ft.  wide  and  1  ft.  deep,  the  rate  of  fall  being 
about  2  ft.  per  mile.  There  was  considerable  sand  and  some  drift  in  the  silt 
but  no  growth  of  weeds  or  brush.  The  plant  used  consisted  of  a  flat-bottomed 
boat  or  scow,  7  X  18  ft.  in  size  and  16  ins.  deep,  made  of  1-in.  plank.  In  the 
bottom  of  the  scow  a  platform  of  2-in.  plank  was  laid  to  support  the  machin- 
ery, which  consisted  of  a  4-hp.  gasoline  engine  belted  to  a  Myers  pump  with 
3-in.  suction  and  2^^-in.  discharge.  The  pump  was  equipped  with  10  ft. 
of  3-in.  suction  hose  with  strainer  on  the  inlet  end,  and  for  discharge  had  about 
15  ft.  of  2^^-in.  fire  hose  with  1-in.  nozzle.  The  scow  when  loaded  required 
about  6  ins.  depth  of  water  to  float.  Conmiencing  at  the  lower  end  of  the 
silt  bed  the  boat  was  poled  forward  or  held  in  place,  as  required,  uid  a  jet 
of  water  turned  through  the  nozzle  into  the  silt  that  readily  broke  and  stirred 
it  up,  permitting  the  water  to  float  it  away.  The  work  was  done  in  March  and 
April,  when  the  flowing  water  was  clear  and  capable  of  carrying  silt  in  suspen- 
sion, the  distance  from  the  center  of  the  silt  bed  to  the  outlet  of  the  ditch  was 
about  10,000  ft.,  and  the  current  sufiiciently  strong  that  little  settling  of  sflt 
occurred.  Three  highway  and  one  railroad  bridge  spanned  the  ditch  in  the 
distance  cleaned,  but  the  boat  readily  passed  under  them.  Two  men  operated 
the  machine  and  the  total  amount  of  silt  removed  was  2,346  cu.  yds.  in  33 
working  days.    The  cost  of  the  equipment  was  as  follows,  viz. : 

Cost  of  scow $  45. 00 

Engine  and  pump 200. 00 

15-ft.  condemned  hose  and  noszle , / 3. 00 

Belting  and  fixings 8 .  60 

Freight  hauling  and  setting  up 32. 00 

Two  men  33  davs  at  $4 132. 00 

Gasoline  and  oil 26 .  40 

Repairs  on  machinery 1.05 

Total. $448.05 
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After  the  work  was  ccHnpleted  the  plant  was  dismantled  and  the  en^e  and 
pump  shipped  to  other  work  which  was  charged  with  their  cost,  thus  making 
the  net  cost  of  the  plant  $248.05  and  the  cost  of  cleaning  10.53  cts.  per  cubic 
yard. 

On  one  occasion  a  bed  of  silt  interspersed  with  logs,  brush,  cornstalks, 
etc.,  was  removed,  using  drags  made  from  the  beams  and  shovels  of  womout 
com  cultivators  by  bolting  the  parts  together  in  such  manner  that  they  pre- 
sented the  appearance  of  two  anchors  placed  at  right  angles.  The  point  of  the 
beam  was  fitted  with  a  swivd  so  the  implem^it  could  revcdve.  By  attaching 
ropes  to  the  drag,  placing  a  team  on  each  bank  and  dragging  the  plow  in  the 
channel,  the  mass  was  broken  up.  After  pulling  out  the  logs  and  wire  (dsma- 
mite  being  used  sometimes  to  dislodge  them)  the  water  floated  out  the  silt. 
A  dose  measurement  of  the  silt  and  drift  removed  from  the  channel  was  not 
made,  as  the  work  was  done  under  the  day  system,  but  approximately  2,800 
cu.  yds.  were  taken  out,  the  cost  being  the  f  (lowing  items: 

Four  teams  with  drivers,  at  $3.50  each  for  24  days $336.00 

Two  drags  with  ropes  and  fixtures 10.00 

Dynamite  xised ^ 5. 00 

Foreman,  24  days  at  $2.50 .*....  60. 00 

Total $411.00 

Or  about  15  cts.  per  cubic  yard. 

In  the  fall  of  1912jive  cleaned  and  deepened  what  is  known  as  Seaton's  ditch, 
near  Missouri  Valley.  This  is  a  drainage  ditch  7,600  ft.  long  with  6  ft.  bottom 
width,  and  side  slopes  1  to  1.  During  the  rainy  season  and  for  a  time  after- 
ward the  ditch  ci^Ties  water  but  is  usually  dry  during  the  fall  months.  The 
work  of  cleaning  was  done  by  contract  at  19  cts.  per  cu.  yd.  The  contractor 
bid  to  do  the  work  with  teams,  but  the  ground  proved  too  soft  for  this  method, 
and  a  small  drag  line  dredge  was  purchased  and  the  work  successfully  carried 
out  with  this,  which  proved  to  be  an  excellent  machine  for  the  work.  The 
machine  was  made  at  Cherokee,  la. ,  <3i  light  timber  construction.  The  frame- 
work, 16  ft.  wide,  is  mounted  on  rollers  and  designed  to  work  astride  the 
ditch  in  clean-out  work.  The  power  is  generated  by  an  8-hp.  gasoline  engine, 
which  also  serves  to  move  the  machine  forward  or  transport  it  from  one  job 
to  another  along  the  country  roads  if  the  distance  is  not  great.  It  uses  a 
one-third  yard  scoop;  two  men  operate  it,  using  about  10  gals,  of  gasoline 
per  day.  About  250  cu.  yds.  of  earth  in  ten  hours  was  the  capacity  of  the 
machine  on  the  job  in  question.  The  machine  is  of  wood  construction  and  is 
not  very  durable,  but  as  most  of  it  is  of  sizes  kept  in  all  lumber  yi^ds,  defective 
parts  can  be  easily  replaced. 

Cost  of  and  Profits  from  Tile  Underdrains. — The  following  discussion  by 
R.  D.  Marsden,  publisbed  in  Engineering  and  Contracting,  July  7,  1914,  is 
taken  from  the  Year  Book  of  the  Department  of  Agriculture. 

Co8t8. — The  cost  of  drainage  will  vary  considerably  with  the  location  of  the 
work,  owing  to  differences  in  the  cost  of  tile  and  of  labor :  it  will  vary  more  with 
the  nature  of  the  soil  and  the  consequent  depth  and  spadng  of  the  drains. 
Tile  of  4-in.  inside  diameter  will  cost  $16  to  $20  per  thousand  feet  at  the 
factory  and  often  $25  per  thousand  delivered  at  the  railway  station.  If  4-in. 
tile  cost  $25  per  thousand,  5-ln.  will  cost  about  $35,  6-in.  about  $45,  and 
8-in.  about  $80  per  thousand  feet.  Labor  will  vary  from  75  cts.  to  $1.50  or 
more  per  day,  but  as  the  cheaper  labor  is  considerably  less  efficient  the  cost  per 
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rod  of  drain  will  be  more  uniform.  As  an  average  cost  for  trenching,  laying, 
and  backfilling  over  the  tile,  about  50  cts.  per  rod  for  a  depth  of  3  ft.  may  be 
assumed;  lower, prices  may  be  secured  on  large  contracts  that  make  it 
economical  to  use  a  trenching  machine  or  a  large  force  of  experienced  workmen. 
Deeper  digging  and  larger  tile  require  more  excavation  and  involve  hi^^ier 
prices.  There  also  will  be  expense  for  hauling  the  tile  from  the  railroad, 
and  for  engineering  work  in  planning  and  laying  out  the  drains.  Silt  wells, 
surface  inlets,  and  masonry  protection  for  tile  outlets  must  be  provided 
where  needed.  The  total  cost  of  drainage  will  ordinarily ^ range  from  S15  to 
$45  per  acre,  the  lower  price  mentioned  being  reached  when  the  spacing  of 
drains  is  perhaps  150  ft.  and  the  higher  figure  when  the  spacing  is  about  4 
rods  or  a  little  less.  A  very  common  cost  for  tile  drainage  is  $25  pex  acre. 
The  farmer  can  often  do  a  considerable  part  of  the  hauling  and  other  labor 
with  his  own  teams  and  regularly  employed  help,  espedaliy  where  the  amount 
of  work  is  not  large,  saving  no  small  cash  outlay.  Of  course  the  foregoing 
prices  do  not  anticipate  the  excavation  of  rock,  large  stones,  or  other  very 
hard  formation  in  any  considerable  quantities,  for  this  will  quickly  multiply 
the  labor  cost. 

Open  ditches  cost  from  12  to  20  cts.  per  'cubic  yard  of  dirt  removed,  the 
price  increasing  with  the  size  of  the  ditch  because  the  material  must  be  moved 
farther.  A  ditch  3  ft.  deep,  2  ft.  in  top  width,  and  1  ft.  in  bottom  width  would 
cost  33  cts.  per  rod  at  12  cts.  per  cubic  yard;  a  ditch  4  ft.  deep,  with  3-ft. 
bottom  and  6-ft.  top,  would  cost  $1.65  per  rod  at  15  ots.  p^  cubic  yaid;  and 
a  ditch  4  ft.  deep,  with  4-ft.  bottom  and  8-ft.  top,  would  cost  $2.95  per  rod  at 
20  cts.  per  yard.  If  open  ditches  of  the  smallest  size  were  used  150  ft«  apfut. 
with  a  collecting  ditch  of  the  medium  size,  the  cost  of  drainage  would  hardly 
be  less  than  $7  per  acre.  The  difference  between  tile  and  open  drains  would 
then  be  $8  per  acre;  the  interest  on  such  an  investment  wouki  be  80  cts.  per 
acre  at  10  per  cent,  or  50  cts.  per  acre  at  6  per  cent.  This  amount  would  not 
nearly  pay  for  the  labor  of  keeping  the  ditches  dear  of  weeds,  dirt,  and  other 
obstructions,  not  to  mention  the  increase  in  labor  occasioned  by  having  the 
field  cut  into  small  parts.  The  advantage  of  using  tile  becomes  greater  as  the 
distance  between  drains  is  reduced,  not  only  because  of.  the  labor  of  cultiva- 
tion, but  also  because  of  the  ground  area  used  for  ditches  instead  of  for' 
cropping. 

Profit*. — The  actual  value  of  farm  drainage  is  indicated  by  the  testimiHiy 
of  owners  who  have  Aonp  this  kind  of  work.  Many  of  thun  state  enthueias- 
tically  that  drainage  has  doubled  and  trebled  th^r  crops  and  has  increased 
the  value  of  the  land  50  to  300  per  cent.  The  examples  cited  herein  have 
been  selected  as  typical  of  the  results  from  properly  draining  farm  lands 
in  the  humid  region  of  the  United  States.  Because  the  reclamation  of  large 
swamp  tracts  frequently  involves  considerable  expense  for-dearing  and  some- 
times for  soil  treatment  after  drainage,  the  profits  shown  below  are  in  no  way 
indicative  of  those  to  be  obtained  from  large  swamp  reclamatioQs.  Neither 
should  these  results  be  used  in  considering  the  drainage  of  irrigated  land  in  the 
arid  region. 

In  the  coastal  plain  of  North  Carolina  about  25  acres  that  were  producing 
nothing  were  tile  drained  for  perhaps  $250,  probably  not  including  costs  o# 
teaming  and  of  supervision,  and  since  then  have  produced  a  bale  of  cotton  per 
acre.  A  field  of  six  acres  was  drained  for  about  $160,  and  the  owner  makes 
good  crops  on  son  worthless  without  drainage.  In  the  Uack  prairie  belt  of 
Alabama,  a  field  that  had  not  been  cultivated  in  years  because  too  wet  waa 
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dniited  wltb  tile:  then  It  pionuced  one  bale  of  cotton  per  acre  and  repaid  the 
entire  coat  of  drainage  tbe  flret  year.  The  tallowing  jeu  the  fleld  jrielded 
60  bushels  of  com  per  acre,  twice  tbe  rate  from  tbe  other  part«  of  the  farm. 
Another  drained  field  produced  one  bale  of  cotton  per  acre,  nhlle  the  undrelned 
land  produced  ool;  half  a  bale.  A  lO-acre  field  that, yielded  practically 
DOtblngln  leiSwaatae  drained,  and  In  1913  produced  SO  buahels  of  oate  per 
acre;  in  1914  the  rate  was  again  BO  biuhda  of  osta,  in  contrast  to  10  buahels 
pet  acre  from  the  adjoining  IE-acre  fidd  planted  to  tbe  same  grain.  The  Cost 
of  most  of  the  tile  drainage  tn  Alabama  has  been  about  t2S  per  acre,  some  <tf  It 
as  high  as  (30  to  t3S.  but  Increases  of  60  to  200  pet  cent  in  yields  and  the 
assurance  of  good  crops  every  year  instead  of  only  In  very  favorable  seaHins  ore 
very  satisfactory  returns.  The  cost  of  drainage  there  has  usually  been 
repaid  In  two  to  three  years  by  tlie  improved  crops.  In  Iowa,  a  fleld  of  10 
acTM  too  wet  for  planting  was  tile  drained  at  a  coat  of  (34  per  acre,  after 
whldi  It  produced  80  bushels  of  oom  per  acre.  Another  fleld  was  drained 
tor  (23  per  acre,  thereby  Increotdng  the  yitdd  from  IS  bushels  to  40  and  50 
bushels  ctf  com  per  acre.  In  Arkansas,  on  one  of  tbe  State  farms,  1  bale  of 
cotton  per  acre  was  secured  in  favorable  years,  and  nothing  at  all  when  the 
early'part  of  the  season  was  wet;  the  year  following  the  installation  of  tile 
the  yield  was  Hi  bales  per  acre.  In  Nebraska  a  tract  of  more  than  TOO  acres 
was  tile  drained  at  (24.25  pw  acre,  a  pumping  plant  cost  S2  per  acre,  and  as 
part  of  a  larger  district  the  cost  of  levees  to  protect  from  overflow  was  ta 
per  acre.  The  improvement,  for  a  total  cost  of  t35  per  acre.  Immediately 
Increased  the  crop  on  about  80  acres  of  corn  22  bushels  per  acre,  and  on 
another  part  the  increase  In  two  yearr^  wan  from  nothing  to  more  than  30 
huslielB  of  wheat  per  acre. 

,  Owners  have  found  that  tile  dralnt^e  hu  reduced  the  cost  of  farmiag  opera- 
tions 20  to  50  per  cent,  so  the  iocreasod  production  on  land  cultivated  previous 
to  drainage  Is  clear  proflt.  To  And  tbe  proflt  upon  draining  land  that  has 
beem  abandoned,  of  course  the  coat  of  planting,  cuItlvatUig,  and  barvesting 
must  be  deducted  from  the  gross  receipts  for  the  crops  raised.  Investigations 
of  the  coat  of  producing  cotton  and  at  producing  wheat  Indicate  that  where 
eiperulve  fertilliers  are  not  ueed  the  cost  per  acre  for  growing  and  marketing 
varies  Uttte  It  at  all  with  the  rale  of  yield. 

To  compute  the  actual  money  value  of  drainage  requires  that  certain 
assumptions  be  made.  It  the  average  production  of  a  Geld  la  Increased  about 
orte-half  bale  of  cotton  per  acre,  worth  10  centa  per  pound,  the  Income  is 
Increased  about  (25  per  acre,  equivalent  to  a  10  per  cent  dividend  on  *250, 
or  a  return  of  71  per  cent  on  a  drainage  cost  of  KG  per  acre.  It  drainage 
Increases  the  yield  of  com  2S  busbela  per  acre,  worth  50  cents  per  bushel, 
the  returns  at  tl3.G0  per  acre  would  be  equivalent  to  a  to  per  cent  dIvldarKi 
on  1125.  or  50  per  cent  annually  on  a  cost  of  t25  per  acre.  However,  to 
capitalize  the  net  Increase  in  value  of  Che  crepe  at  the  regular  rate  of  inlereat 
might  lie  a  fair  measure  of  tbe  increase  In  producbig  value  of  the  land,  but 
Ibis  Is  the  result  of  drainage  added  to  what  may  be  called  the  ununed  fertlllly 
of  tbe  soil.  It  will  be  better  to  consider  the  increase  brought  about  by  drain- 
age in  the  market  value  of  the  property.  In  the  Piedmont  section  ol  North 
Carolina  a  65-acra  farm  was  bought  about  six  years  ago  tor  tl.WM):  ditching 
was  started  the  Srst  year  and  tile  drtinage  two  years  later;  In  1913  the  crop" 
were  worth  12,000,  and  in  1914  the  owner  refused  (6,000  for  the  farm.  In 
tbe  mountain  aection  of  the  same  state  about  22  acres  that'  grew  only  saw 
graaa  and  bulrushes  wer«  tiled  tor  135  to  S40  per  acre,  and  the  owner  uow 
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values  the  land  at  $150  per  acre.  Another  farmer  spent  about  $200  cash,  and 
probably  some  of  his  own  time,  in  tile  drainage,  and  thereby  increased  the 
market  value  of  his  farm  $500  to  $800.  Another  man  reports  the  results  as 
300  per  cent  increase  in  the  selling  price  of  the  land  and  40  per  cent  in  the 
assessed  value;  stiU  another,  who  drained  10  acres  for  about  $140,  gives  the 
results  as  one-third'  increase  in  assessed  value,  two-thirds  increase  in  selling 
price,  and  more  than  100  per  cent  increase  in  production.  In  eastern  Mary- 
land tile  work  costing  $500  increased  the  farm  value  $1,000,  and  ^ork  costing 
about  $240  increased  the  value  of  another  farm  $500. 

In  cQusidering  the  economy  of  farm  drainage  it  is  proper  to  compare  the 
anticipated  results  with  the  probable  returns  from  otherwise  Investing  the 
money  that  the  drainage  work  will  cost.  When  a  farmer  considers  investing 
some  of  his  savings  to  increase  his  business  a  question  often  to  be  met  is: 
Shall  he  buy  more  land  or  improve  some  of  what  he  already  owns?  If  com 
land  producing  50  bushels  per  acre  sells  for  $80  per  acre,  and  he  has  marsh  land 
which  cost  $10  per  acre  that  produces  nothing,  drainage  at  $30  per  acre  will 
be  profitable  if  it  will  make  the  marsh  produce  25  bushels  of  com.  provided 
there  are  no -other  costs  for  preparing  the  land  for  cultivation.  If  the  whole 
cost  of  drainage  and  other  reclamation  work  is  $50  per  acre,  and  the  result 
50  bushds,  the  land  has  been  made  worth  $80  for  a  total  cost  of  $60  per  acre. 
If  land  yielding  40  bushels  per  acre  can  be  made  to  produce  50  bushels  by 
drainage  at  $25  per  acre,  perhaps  it  would  be  true  economy  to  buy  more  good 
land  at  the  price  stated  rather  than  to  drain;  for  $1,000  sp^it  improving  40 
acres  would  yield  400  bushels,  while  the  same  money  buying  12H  acres  new 
would  yield  625  bushels.  The  difference  in  value  at  50  cents  per  bushel 
would  be  $1 12.50.  Howevdi*,  the  increase  in  cost  of  farming  the  larger  acreage 
might  be  considerable;  if  it  would  amount  to  as  much  as  $3  per  acre  it  would 
more  than  offset  the  difference  in  total  yield,  for  there  would  be  no  Increase 
in  cost  of  farming  on  the  drained  land.  Actual  comparisons  of  the  profits  to 
be  obtained  from  farm  improvement  and  from  purchasing  improved  land 
will  many  times  show  the  farmer  to  be  true  economy,  in  spite  of  seemingly 
small  gross  returns.  As  larger  markets  raise  the  prices  of  agricultural  pro- 
ducts, land  values  must  increase  and  larger  expenditures  per  acre  for  drainage 
will  be  profitable. 

Cost  36  Miles  of  Tile  Drains. — The  following  data  are  given  by  L.  H.  God- 
dard  and  H.  O.  Tiffany  in  Circular  No.  147  of  the  Ohio  Agricultural  Experi- 
ment Station. 

Deecription  of  Soil  on  the  Farm  Drained.* — Practically  all  of  the  soil  on  this 
farm  is  of  glacial  orifi^,  and  has  been  derived  from  the  drift,  which  is  here  com- 
posed very  largely  of  pulverized  shale.  ,  The  principal  type,  called  Papakating 
clay,  is  a  clay  loam  containing  quite  a  large  percentage  of  silt.  The  surface  soil 
consists  of  a  pale  yellowish  or  grayish  brown  clay  or  heavy  silt  loam  about  9 
inches  deep,  which  gradually  becomes  heavier  with  depth  until  at  18  to  24 
inches  it  is  mottled  yellow  and  gray  or  blue  clay,  which  becomes  decidedly 
plastic  at  a  depth  of  3  feet.  The  higher  elevations,  or  knobs,  which  were 
occasionally  encountered,  are  somewhat  lighter  in  texture,  sometimes  ap- 
proaching a  sandy  loam,  and  usually  contain  some  large  stones  or  gravel  in 
both  soil  and  subsoil. 

The  lower  lying  soil,  called  Volusia  silty  clay  loam,  consists  mainly  of  a 
dark  colored  clay  loam  or  clay,  varying  greatly  in  depth  and  underlain  by  very 

*  Prepared  by  Dr.  George  N.   Ck>ffey  of  the  Ohio  Agricultural  Bi:|>erimeiit 
Station. 
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stiff  mottled  or  bluish  clay.  Thk  subsoil  clay  was  considered  by  an  expert 
to  be  of  the  right  quality  for  tile  making. 

Near  the  centers  of  the  main  swamp  areas  there  occur  small  areas  of  muck 
and  washed-in  material.  The  deposit  of  muck  is  shallow  and  the  soil  is  very 
porous,  allowing  the  water  to  disappear  readily  after  rains  and  storms. 

Methods  of  Procedure. — The  work  of  installing  the  tile  was  conducted 
in  the  field  by  the  Junior  author,  and  all  records  were  kept  and  compiled 
by  him.  The  oompllaticm  and  the  manuscript  have  been  checked  by  O. 
E.  Brown,  who  was  an  assistant  on  the  farm  under  Mr.  Tiffany's  management. 
This  work  of  installaticm  was  done  in  cooperation  with  the  Ohio  Experi- 
ment Station  and  the  U.  S.  Department  of  Agriculture,  the  regular  time  blanks 
of  the  Department  of  Cooperation  of  the  Ohio  Experiment  Station  being  used. 
The  records  given  herein  are  quite  accurate  so  far  as  they  go,  and  for  the  con- 
ditions imder  which  the  work  was  done. 

The  planning  and  laying  out  of  the  tiling  systems  in  any  given  field  was 
done  by  the  Farm  Manager,  usually  just  previous  to  starting  tiling  operations. 
In  a  few  instances  surveys  of  the  main  ditches  were  made  by  an  engineer  to 
determine  the  necessary  depth  of  cuts  at  intervals  along  the  Une.  Surveys  of 
this  kind  are  especially  valuable  when  a  deep  cut  is  to  be  made.  In  many 
instances  levels  were  run  on  ditches  where  the  amount  of  fall  was  doubtful. 
An  ordinary  carpenter's  spirit  level  with  sights  attached  was  used  for  this 
purpose.  This  method  is  hardly  accurate  enough,  but  on  most  laterals  up  to 
80  rods  in  length  very  good  results  were  obtained.  When  a  main  ditch  is 
over  80  rods  long  and  has  but  little  fall  the  Y  level  should  be  used.  At  the 
close  of  the  season's  operations  an  engineer  was  employed  to  make  a  plot  of 
the  fields  tUed,  showing  the  exact  locations  of  all  the  drains. 

All  ordinary  labor,  such  as  hauling  of  tile,  filling  of  trenches,  etc.,  was  done 
by  men  and  teams  taken  from  the  regular  force  on  the  farm. 

Tiling  Work  Done  in  1909. — In  the  season  of  1909  the  drainage  operations 
were  confined  to  a  single  field  (hereafter  designated  as  No.  2),  with  the  excep- 
tion of  about  one-half  mile  of  tiling  for  which  figures  are  not  included  in  this 
circular.  The  outlet  for  this  field,  which  was  an  open  ditch,  had  been  pro- 
vided the  previous  fall. 

The  surface  conditions  of  this  field  were  somewhat  varied.  The  larger 
portion  of  it,  or  about  30  acres,  was  upland  and  quite  rolling  for  this  section  of 
the  state.  The  other  10  acres  was  mostly  a  clay  and  muck  swamp.  On  the 
upland  it  was  comparatively  easy  to  secure  a  sufiScient  faU  in  all  ditches,  the 
fall  per  100  ft.  averaging  about  8  inches,  but  the  swamp  area  the  fall  would 
not  average  over  one  inch  per  100  feet.  One  main  ditch,  which  was  in  12-inch 
tile,  was  carried  practically  <m  a  level  for  about  800  feet,  the  grade  being  deter- 
mined by  the  use  of  water.  The  condition  of  the  upland  portionl  of  this 
field  would  be  an  average  for  land  in  that  section  that  had  never  been  working 
It  was  covered  with  a  heavy  bhiegrass  sod  which  h&d  been  pastured  for  many 
years.  The  ten  acres  of  lowland  or  of  swamp  area  were  covered  with  bul- 
rushe8j*t»t-tails,  swamp  brush,  trees,  etc.,  and  in  many  instances  a  clearing 
had  to  be  made  before  starting  a  ditch.  The  cost  of  this  clearing  for  a  ditch 
was  comparatively  trivial,  however,  and  is  included  in  the  cost  of  tiling  the 
field. 

With-  the  exception  of  about  160  rods  the  troichlng  was  all  done  by  hand 
this  year;  this  160  rods  was  dug  by  a  machine  rented  at  an  average  price  of 
25c  per  rod  for  the  trenching  alone.  This  cost  of  trenching  was  not  deducted 
and  figured  separately,  but  included  with  the  hand  dug  ditches  by  using 
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exact  flguies  of  cost.  Regular  workmen  employed  for  spading  or  trenching 
were  paid  from  20c  to  22Mc  per  hour  for  actual  time  put  in.  One  man  of  long 
experience  who  did  the  bottoming,  grading  and  laying  of  the  tile  received  25c 
per  hour.  The  distance  actually  covered  by  each  workman  would  not  average 
over  8  rods  per  day  under  very  favorable  conditions. 

Operations  in  1909  were  begun  in  the  month  of  May.  and  for  two  months  an 
average  of  6  men  were  employed  to  dig  t^e  trenches.  Little  work  was  done, 
however,  during  the  month  of  July  and  early  August  because  some  of  the 
workmen  were  needed  for  harvesting  and  because  the  ground  became  so  hard 
and  dry.  No  tiling  was  done  later  than  Oct.  1st.  that  year.  Table  I  shows 
a  summary  of  the  1909  tiling  operations. 

Table  I. — Summary  op  Tiling  Operations  in  1909 
Total  rods.  2,560;  total  area,  40  acres.     Man  rate,  15c  per  hour;  horse  rate, 
10c  per  hour. 

Total    labor ^Labor  per  rod 


Hours 

Man      Horse 


Hours- 
Cost        Man     Horse 


Hauling  tile 135. 5 

^Trenching  &  laying  tile  . . .  3855 . 0 

FiUing  ditches 305.0 

'Other  equipment  charges 

Cost  of  tile 

Overhead  charges 

Plotting  drains 


271     t 

•   •   • 

305 


47.42  .053 
963.74  1.500 

76.23     .119 

10.00  

555.39  

58.88   

40.45   


106 

•    •    • 

119 


Cost 

$0.0186 
.3760 
.0300 
.0040 
.2170 
.0230 
.0158 


Totals. 


1,752.11 


6844 


1  Man  rate  varied  from  20  to  25  cents  per  hour.     The  cost  is  exact,  but  hours 
approximate. . 
'  Approximate. 

Explanation  of  Cost  Clasaificatione  Found  in  Tables  I,  II  and  III. — Of  these 
classifications,  figures  for  machine  operator,  hauling  tile,  trenching  and  laying, 
laying  tile,  filling  ditches,  undivided  operations  and  plotting  drains  are  given 
in  dollars  based  on  the  number  of  hours  worked,  the  cost  being  obtained  by 
multiplying  hours  of  labor  by  the  rate  per  hour.  Machine  charges  and  other 
equipment  charges  include,  in  addition  to  labor,  cash  repairs,  interest  on 
investment  and  depreciation  on  equipment.  The  gasoline,  oil  and  cost  of 
tile  are  straight  cash  charges  and  are  put  tn  at  the  actual  price  paid. 

Overhead  charges  in  this  work  included  only  the  cost  of  the  actual  time  oi 
the  farm  manager  to  lay  out  and  plan  the  draiAage  system  and  to  direct  the 
work  in  the  field.  The  time  required  to  execute  this  duty  varied  considerably 
from  day  to  day.  After  the  system  was  once  outlined  and  everything  working 
well  it  did  not  ordinarily  require  more  than  one  or  two  hours  a  day. 

Tiling  Operations  in  1910. — In  1910  tiling  operations  were  conducted  on 
ten  separate  fields,  covering  twelve  water  sheds.  Table  II  shows  that  seven 
of  these  fields  were  small,  and  as  several  operations  were  carried  on  simul- 
taneously in  them,  it  was  not  practical  to  keep  the  cost  of  each  one  separately. 
These  contained  21  acres  and  included  216  rods  of  water  pipe  line,  sewers  and 
lines  for  hog  bam  disposal.  The  total  area  drained  during  the  year  was  65>f 
acres  and  a  total  of  4080  rods  or  12>^  miles  was  installed  in  that  area. 

For  the  work  this  year  a  new  power  tile  ditching  machine,  equipped  with  a 
gasoline  engine,  was  purchased  early  in  the  spring  and  nearly  all  the  trenching 
done  during  this  season  was  with  this  machine.  One  man  was  required  to 
operate  the  ditching  machine  and  another  man  to  lay  tile,  although  the  tile 
layer  occasionally  assisted  the  machine  operator  in  setting  grade  stakes. 
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8 
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21 
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1 

7S 

lisf 
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repairing  the  machine,  etc.  The  main  ditch  vaa  flrsl  ln.ats!led  and  then  the 
JateraJs  were  connected  to  it  in  a  systetnatlc  niaiuier.  Id  connecting  Laterala 
to  the  midn  it  was  necMSaary  to  do  soma  hand  dLggine,  becauee  the  nuicMne 
could  not  be  put  to  the  proper  grade  nearer  to  the  main  ditch  than  6  or  8  feet, 
dependini-i  of  couraOi  upon  the  depth  ol  the  main.  The  coet  of  this  neceeeary 
band  digging  in  connecting  tbe  laterals  with  the  main  ditches  bas  been 
assembled  with  other  costs  In  a  column  called  "Undivided  operations." 

The  largest  field  tiled  during  the  year  IQIO  contained  30  acres.  It)  it  1501 
rods  of  drains  were  Installed,  or  an  average  of  88  rods  per  acre.  During 
July.  August  and  September  tbe  work  was  much  Interrupted  because  of 
using  the  mm  for  barvertlng  and  tann  work. 

This  field,  wtilcb  was  a  heavy  blue  grass  sod,  with  tbe  eiceptlon  of  about 
3  acres  of  muck  swamp  which  usually  was  covered  with  water  about  half  the 
year,  had  been  used  as  a  pasture  for  many  yean.  The  drains  of  this  field 
had  two  outlets;  the  principle  one  being  a  twelve-inoh  tile  leading  to  an  open 
ditch.  The  tall  of  this  main  lor  tbe  last  GOO  feet  did  not  exceed  one  indi  per 
one  hundred  leet.  In  general,  however,  tbe  topography  of  the  held  was  quite 
'  broken,  affording  plenty  of  taH.  Indeed  there  were  dopes  in  which  the  fall 
was  as  much  as  8  feet  to  the  hundred . 

The  second  Held  of  Importance,  which  was  drained  in  ISIO,  was  a  young 
orchard  which  had  been  set  that  same  spring.  There  were  lOH  acres  in  this 
orchard  and  in  it  a  total  of  758  rods  of  drain  were  Installed,  or  72  rods  per 
acre.  This  greater  amount  of  tile  per  acre  was  due  to  the  fact  that  tbe  trees 
were  set  32  feet  apart  artd  that  a  line  of  tile  was  Installed  between  each  two 
tows  of  trees,  whereafi  In  other  fields  40  feet  apart  for  laterals  was  the  distance 
more  frequently  used.  Tbe  topography  of  this  orchard  field  was  rolling,  but 
Mthout  abrupt  breaks.  The  faU  per  hundred  feet  would  run  about  6  inches. 
atthoD^  in  a  few  Instances  there  was  a  fall  of  three  or  fourfeet  to  the  hundred. 

It  should  be  noted  In  passing  that  wet  weather  In  April,  September  and 
October,  interfered  qnite  a  little  In  the  i^>nBtlon  □(  the  tile  ditching  machine, 
due  to  mud  ntlcking  to  It. 
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Tiling  Operations  in  1911. — During  the  season  of  1911  tiling  operations  were 
confined  to  two  fields,  Nos.  5  and  31  with  the  exception  of  198  rods  in  two  other 
fields.  In  all  4,755  rods  of  tile  were  installed  in  122K  acres.  Table  III  gives 
a  summary  of  the  work  executed  this  year. 

Operations  were  begun  late  in  March  and  continued  throughout  the  season 
until  October  31st.  The  first  work  was  done  under  very  unfavorable  condi- 
tions. It  was  the  digging  of  a  main  ditch  which  followed  the  channel  of  an 
old  open  ditch,  in  which  the  cut  in  places  was  from  4  to  6  feet.  The  ground  was 
so  wet  at  this  time  of  the  year  that  slipping  of  the  propeller  was  not  infrequent 
and  caving  in  of  the  ditch  greatly  hampered  the  progress  and  necessarily 
increased  the  cost.  In  some  places  the  soil  where  wet  was  such  a  waxy  clay 
that  it  caused  considerable  trouble  by  sticking  to  the  machine. 

Tablb  III. — Summary  of  Tiling  Operatioito  in  1911 

Field  5       Field  31    Misc.  areas      Total 

Area  in  acres 54  65  3H  122H 

Rods 2,666  1,891  198  4.755 

Machine  charges $407.88  $289.32  $30.28  $727.48 

Machine  operator 95.10  72.00  19.16  186.26 

Gasoline 66.00  69.48  9.72  145.20 

Oil 7.84  4.34  .96  13.14 

HaiUingtile 63.10  94.94  12.50  170.54 

Ck>ntract  laying  tile 184.98  121.33  20.11  326.42 

FiUing  ditches 78.08  82.22  12.31  172.61 

Other  eauipment  charges 11 .  17  7.98  .89  20.04 

Undivided  operations 107.62  35.78  24.90  168.30 

Cost  of  tile 567.00  765.85  61.34  1355.19 

Overhead  charges 61.32  43.49  4.56  109.37 

Plotting  drains 42.12  24.58  •  66.70 

Grand  totab 1,692.21     1,572.31         196.73    3.461.25 

Overhead  charge  is  2.3c  i>er  rod.     Plotting  drain  charge  is  1.58c  per  rod. 
•  Not  plotted. 

Ditching  in  field  No.  5  began  in  April  and  continued  tbiou^out  the  summer 
until  August  25th.  As  shown  by  the  table,  the  area  covered  in  this  field  is 
54  acres,  in  which  were  installed  2,666  rods  of  tile,  making  an  average  of  49 
rods  per  acre.  The  general  topography  of  this  field  is  rolling.  There  were 
two  swamps  in  it;  one  a  cat^tail  swamp  full  of  brush  and  trees  and  anothor 
which  covered  about  2^4  acres.  A  former  owner  had  attempted  to  drain  this 
latter  swamp  a  number  of  years  previously,  but  the  attempt  was  unsuooessful. 
The  soil  in  these  swamps  varied  from  a  muck  in  their  center  to  a  heavy, 
black  waxy  day  around  the  outside.  In  a  few  places  in  this  field  stones  wei« 
sufficiently  numerous  to  retard  the  progress  considerably  but  no  serious 
breakage  was  occasioned. 

One  of  the  main  ditches  in  this  field  is  worthy  of  note.  It  is  830  feet  lon^ 
with  an  average  depth  of  cut  of  about  6.5  feet.  The  maximum  cut  was  d.7 
feet,  which  was  maintained  for  a  distance  of  about  300  feet.  The  tn^^^hine 
was  operated  in  this  ditch  to  its  maximum  depth,  which  is  4H  feet,  and  the 
remainder  was  dug  by  hand,  using  contract  labor.  The  total  cost  of  extra 
labor  on  this  ditch,  afto*  the  machine  had  done  its  part,  was  $103.62,  or  ma 
average  of  $2.06  per  rod.  If  we  add  the  cost  of  gasoline,  oil  and  other  m»^ii^ 
1  charges,  whldi  amount  to  $10.44,  to  the  other  labor  charges  of  $108.62  we  have 

I  a  total  cost  of  $1 14.06,  or  $2.27  pN  rod,  ^^lich  is  the  imrtalHng  cost  of  his  main 

'  ditch.  Approximately  266  cubic  yards  of  earth  were  excavated  in  digging  ttHs 
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ditch.  This  would  make  the  cost  of  excavating  42.9  cents  per  cubic  yard. 
From  the  foregoing  it  will  be  manifest  that  outlets  aie  expeoaive  when  no 
natural  outlet  is  available. 

Tiling  in  field  No.  31  began  at  the  conclusion  of  work  in  field  No.  6  and 
continued  until  the  close  of  operations  on  October  Slst.  The  aiea  covered  in 
this  field  was  65  acres.  The  field  joined  field  No.  24,  which  was  tiled  in  1910. 
1 ,89 1  rods  were  Installed  in  it ,  or  about  29  rods  per  acre.  The  distance  between 
laterals  was  greater  in  this  field  than  in  many  of  the  others;  varying  from  50 
to  110  feet,  with  an  average  distance  of  about  90  feet.  Fully  35  acres  of  this 
fitid  was  a  swamp,  a  portion  of  which  had  been  farmed  and  nearly  all  of  which 
had  been  previously  drained.  The  drains,  hqwever,  which  had  been  installed 
from  30  to  35  years  previously,  had  become  useless. 

Before  anything  could  be  done  toward  draining  this  field  it  was  necessary 
to  secure  a  satisfactory  outlet.  The  excavation  of  this  open  ditch  outlet, 
which  was  done  by  the  farm  teams  and  laborers,  using  slip  scrapers,  was 
started  in  the  summer  of  1910  and  finished  in  October  1911,  the  work  being 
prosecuted  upon  this  ditch  only  at  such  times  as  men  and  teams  were  not 
required  for  farm  work.  The  total  length  of  outlet  streams  was  1 .2  mile,  which 
included  about  500  feet  of  new  cuts.  When  this  ditch  was  finished  the  bot- 
tom of  the  outlet  had  been  lowered  fully  2H  feet.  The  cost  of  making  this 
outlet  was  $558.18  and  is  not  included  in  summary  Table  III. 

In  the  ditching  of  this  field  a  few  round  stones  were  encountered  in  the 
upland  but  no  trouble  or  serious  delay  was  experienced'.  Continued  heavy 
rains  during  the  late  faU  caused  considerable  delay,  especially  in  the  muck 
portions.  The  muck  became  so  full  of  water  that  it  rushed  in  from  the  sides 
of  the  ditch  so  fast  that  the  tile  layer  had  to  let  the  excess  run  away  before  he 
could  lay  the  tile.  A  few  rotted  logs,  buried  beneath  the  surface  in  the  muck 
portion  of  the  field,  interfered  somewhat  with  the  work. 

Character  and  Coat  of  Tile  Used. — The  tUes  used  in  all  this  work  were  ordi- 
nary, medium  burned  tUes,  made  from  a  good  quality  of  clay.  All  tUes  up  to 
a  diameter  of  10  inches  were  in  foot  lengths,  but  10-inch  and  larger  sizes  were  in 
2^eet  lengths.  The  breakage  of  tiles  through  handling  was  not  large,  the 
maximum  amounting  to  five  or  six  feet  per  loeid  of  1,000  3-inch  tiles.  Even 
with  this  breakage  the  over-run  amounted  to  from  3  to  6  per  cent,  in  other 
words  100  feet  of  tile  paid  for  at  the  factory  would  lay  from  103  to  106  feet 
in  the  ditch.  The  larger  tiles  seemed  to  have  a  greater  over-run  than  the 
smaller  ones.  The  cost  of  tile  per  acre  for  tile  drains  varies  of  course  in  ac- 
cOTdance  with  the  8iz»of  tile  and  the  number  of  rods  per  acre.  The  average 
cost  of  tile  per  rod  in  the  main  fields  in  Table  IV  is  24.45  cents,  and  the  cost 
per  acre,  with  an  average  of  48  rods,  is  $11.72. 

Coet  of  Hauling  TUe. — Table  V  furnishes  a  very  good  basis  for  estimating 
the  time  required  for,  and  the  cost  of,  hauling  tile,  especially  when  taken  in 
conjunction  with  Table  IV.  Naturally,  the  cost  of  hauling  tile  would  vary 
with  the  aize  of  the  tile,  the  length  of  the  haul,  and  the  condition  of  the  roads. 
Favorable  or  adverse  conditions  in  connection  with  any  one  of  these  factors 
may  affect  the  cost  materially. 

For  example,  in  the  case  of  fields  Nos.  29  and  30,  in  which  the  haul  and 
weight  of  tile  were  practically  the  same,  the  roads  were  so  bad  when  the  tile 
was  hauled  for  fi^d  No.  29  that  it  cost  38  per  cent  more  per  rod  than  it  did  for 
field  No.  30.  Again,  in  case  of  field  No.  31,  for  which  the  haul  was  much 
shorter  than  for  No.  29,  and  for  which  the  roads  were  in  good  condition,  the 
expense  was  much  increased  by  the  haul  ^thin  the  field,  because  it  was 
41 
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into  the  ditch  the  machine  could  be  operated  down  the  slope  just  as 
successfully.  Round  stones  or  boulders  in  the  ditch  line  caused  more  or  less 
trouble,  depending  upon  the  location  in  the  ditch,  the  size  of  the  stones,  etc. 
Usually  boulder  the  size  of  a  man's  head  could  be  removed  by  the  machine 
with  comparative  ease,  but  when  larger  than  this  it  was  necessary  to  raise  the 
digger  wheel  and  remove  them  by  hand. 

Table  VII. — Summary  of  Gasoline  and  Oil  Costs 

— Total    cost PCTacre Per  rod 

Field  Area  Rods        Gas  Oil       Gas  Oil  Gas  OU 

No.  24 29      1,591     $35.50  $  1.74  $1,224  $0.0600  $0.0233  $0.0011 

No.  29 lOM     755       14.34       1.43     1.365       .1360       .0190       .0019 

No.  30 5         300         5.17         .64     1.034       .1280       .0172       .0021 

No.  5 64       2,666     66.00       7.84     1.222       .1450       .0248       .0029 

No.  31 65       1,891     69.48       4.34     1.069       .0670       .0368       .0023 

Totals 163.5  7,203  190.49     16.99 

Averages 1.165       .0977       .0264       .00221 

Misc.  area..     24^1.632      44.23       3.02     1.805       .1235       .0271       .00185 

Hours  and  Coats  for  Machinery  Operator. — In  Table  VI,  in  which  are 
summarized  data  regarding  the  machine  operator,  it  will  be  noted  that  the 
cost  per  rod  varies  from  3.57  to  4.21  cents,  with  an  average  cost  of  3.81  cents. 

It  should  be  noted,  however,  that  these  prices  are  figured  at  20  cents  per 
hour  for  operator.  This  was  the  price  actually  paid,  but  it  was  lower  than 
that  for  which  an  operator  could  ordinarily  be  secured,  because  of  the  fact 
that  the  man  used  for  this  purpose  was  one  of  the  regular  farm  workmen,  who 
had  a  natural  bent  in  that  direction.  Ordinarily  the  wage  of  the  operator 
would  run  from  30  to  40  cents  per  hour,  thus  making  the  cost  greater.  In 
order  to  be  able  to  operate  a  machine  successfully  a  man  should  understand 
the  principles  of  tile  drainage,  the  running  of  grade  lines,  etc.,  and  at  the  same 
time  he  should  be  handy  with  machinery. 

Gasoline  y  Oil  and  Or  ease  Costs. — In  Table  VII  is  shown  a  simunary  of 
gasoline,  oil  and  grease  costs  for  the  entire  area  trenched  with  the  machine. 
The  average  price  of  gasoline  per  gallon  was  13.3  cents  in  -1910  and  12  cents 
in  1911.  Cup  grease  cost  6H  cents  per  lb.,  and  oil  from  16  cents  to  35  cents 
per  gallon.  The  best  grade  of  gas  engine  oil  was  used  on  the  engine  but  a 
cheaper  oil  was  used  on  chains,  sprockets,  etc.  While  this  factor  of  the 
costs  may  seem  somewhat  small,  yet  3  cents  per  rod  cannot  be  ignored  nor 
can  we  ignore  the  fact  that  the  price  of  gasoline  is  advancing  constantly. 

TUina  Machine  Charges. — ^Ih  Table  VIII  are  smnmarized  the  overhead 
machine  charges  for  the  two  years  within  which  the  machine  tr^iching  was 
done.    These  charges  are  classified  under  four  headings,  as  follows: 

1.  "Labor  repairs"  which  included  cost  of  labor,  usually  rendered  by  the 
machine  operator,  in  connection  with  actual  repair  work  on  the  machine. 
While  of  course  there  are  many  cases  in  which  a  half-hour's  time  or  less  was 
spent  by  the  operator  repairing  the  machine,  these  have  not  been  8^>arated 
from  the  operating  charge.  All  periods  of  a  longer  time  than  one-hatf  hour 
are  charged  to  "  Repairs"  and  are  itemized  in  this  summary. 

2.  "  Cash  repairs  "  includes  all  repairs  for  machine,  such  as  bolts,  sharpening 
of  knives,  batteries  for  engine,  for  which  cash  is  paid. 

3.  "Depreciation"  is  a  variable  item,  depending  upon  several  Influencing 
factors.  In  this  table  it  has  been  figured  at  5.1  cents  per  rod,  although  at  best 
this  charge  must  be  an  arbitrary  one  unless  a  machine  is  actually  worn  out. 
The  number  of  miles  of  ditch  a  machine  will  dig  during  its  lifetime  depoidB 
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Mil«    Deprecia-    Tt«pAira invnfr- 

Veu  AcT»  Roda      tile         ttoa  Labor      Cash       meU       Total 

1010 BG.G  4,080  12.75  »20S.OS       S50.T4  tlOO.OO  tSI.SO   (Ml. 33 

1011 122.5  4,755  14.80    242.50        88. OS    365.47     71.15      707.18 

Per  rod 
Yeu  Ubor         Caah        Interut  .  ei^^      "'^V 

0.02450  SO. 02000  tO.OSlI     tO  1070 


.01852       .07077 


upon  the  dqith  of  digging;  cmdltlon  at  aoa  as  regMdi  texture  and  freedom 
Irom  stones;  care  given  machine  by  operahr,  etc.  In  determining  the  arbl- 
tnrj  figure  of  5.1  cents  per  rod  It  was  assumed  that  the  mBcMae  would  be 
capable  ot  digging  100  miles  ol  ti«nc>i  within  its  lUetlme.  Soma  machines 
have  dug  aver  200  miles  ot  ditch.  It  will  be  noted,  however,  that  eren  on  the 
200-mile  basis  the  cost  of  d^redalion  per  rod  would  be2.56  cents  ^nd  that  tbe 
total  macbine  charge  would  only  be  lowered  from  13.68  cents  to  11.13  cents, 
thus  making  this,  comparativdy  speaking,  a  minor  point.  Depradatlon  Is 
figured  on  an  Initial  cost  (rf  tbe  machine  amounting  to  f  1,032.  This  price,  ot 
course,  may  vary  from  time  to  time.  It  no  laiser  tile  tban  8-incti  were  to  be 
installed  it  would  probably  be  cheaper  to  buy  a  smaller  machine  unless  the 
ground  to  be  trenched  is  somewhat  stony.  In  this  connection  it  Is  Inlarasllng 
to  note  that  the  repair  charge,  especially  cash  repairs,  for  the  second  year  was 
^moat  three  times  as  much  per  rod  as  It  was  the  first  year. 

4.  "  Interest  on  inveatment,"  which  was  figured  at  5  par  cent,  decieirwe 
(ran  year  to  year,  as  the  initial  price  is  cut  down  by  the  amount  which  is 
charged  off  annually  tor  depredation. 

Uachint  Trenchinu  Compared  mtk  Hand  Trtnchina.—tn  Table  IX  is  shown 
a  compariaon  between  the  costs  of  band  and  macbine  trenching,  so  far  as  it  Is 
able  to  make  such  a  comparison  from  the  work  done  on  this  farm.  It  will  be 
noted  that  tbe  cost  per  rod  of  jnachlne  trenching  varies  from  30.0  cents  to  30.8 
rents,  wbereas  the  hand  trenching  cost  is  44.9  cents.  It  should  be  noted. 
bowerer,  that  in  these  averages,  there  are  more  than  four  times  as  many  rode 
of  machine  trenching  as  ot  hand  trenching.  Wblle  the  cost  of  machine  trench- 
ing would,  in  most  cases,  be  increased  somewhat  by  a  higher  rate  pec  hour 
for  Uie  machine  operator,  and  probably  Would  be  increased  by  tbe  cash  repair 
etauges,  yet  even  with  these  Increases  It  probably  never  would  overcome  the 
difference  between  machine  and  hand  trenching,  which,  as  shown  by  Table 
IX,  Is  7.4  cents. 

While  there  may  be  conditions  ia  the  very  early  spring  when  the  ground  is 
thoroughly  water-soaked  which  make  the  ditching  machine  not  very  aatis- 
tactory  because  of  its  slipping  and  of  mud  sticking  to  it,  yet  this  le  fully  offset 
by  the  fact  that  11  digs  readily  in  dry  weather  even  though  the  ground  may  be 
BO  hard  that  it  is  almost  Impossible  to  trerich  with  a  spade.  It  is  very  much 
easier  to  maintain  a  uniform  grade  when  ditching  with  a  machine  than  doing 
the  work  by  hand.  In  the  trenching  which  was  done  by  hand  In  igoo  almost 
all  of  the  ditches  were  tested  with  water  before  tile  was  laid.  This  is,  of 
course,  eomewhat  expensive,  especially  if  tbe  water  is  not  near  at  hand.     A 
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Table  IX. — Comparison  Bbtwben  Hand  and  Machine  Tbbnchinq 


Field 

No.  2 

No.  24 

No.  29 

No.  30 

No.  6 

No.  31 

Misc.  areas. 


Totals. . . 
Averages. 


Acres 

40 
29 

lOH 

5 
54 
65 
24H 

228 


Rods 

2.560 
1.591 
755 
300 
2,666 
1,891 
1.632 


Total  cost 

except  tile 

and  hauling 

$1,149.30 
538.05 
230.65 
95.52 
1.062.11 
750.52 
632.43 


Per  rod 
machine 


11.395        4.458.58 


$0,338 
.305 
.318 
.398 
.397 
.388 


0.375 


Per  rod 
hand 

$0,449 


0.449 


fall  of  frcMii  four  to  six  inches  per  hundred  feet  in  the  ditch  line  would,  however, 
remove  the  necessity  of  testing  with  water. 

One  other  point  in  favor  of  the  ditching  macdiine  is  the  speed  that  can  be 
made  with  it.  By  a  comparison  dl  Tables  I.  VI  and  X,  it  will  be  noted  that 
the  machine  operators  use  less  than  one-sixth  as  much  labor  per  rod  in  trench- 
ing and  laying  tile  as  is  spent  when  the  work  is  done  by  hand.  Considering 
the  scardty  of  labor  and  the  advancing  wages  that  farmers  are  being  forced 
to  pay.  it^is  evident  that  even  thoui^  machine  trenching  were  to  cost 
more  than  hand  tr^iching  they  probably  would  be  forced  to  make  use  of  the 
machine. 

Cost  and  Time  Required  to  Lay  Tile.-^ln  Table  X  is  summarized  the  cost  of 
laying  or  installing  7.203  rods  of  tile  upon  163fi  acres.  This  includes  placing 
the  tile  in  the  ditch  and  putting  on  just  enough  earth  to  hold  it  in  place.  For 
various  reasons  the  tile  layer  is  required  to  excavate  by  hand  occasional  short 
ditches,  as  for  example,  in  finishing  a  ditch  where  the  machine  could  not 
approach  a  fence  as  close  as  was  necessary.  In  field  No.  30  thelargw  "  Tile 
laying  cost"  of  7.65  cents  per  rod  is  due  to  hand  work  of  this  character,  which 
was  not  separated  from  the  lajring  of  the  tile.  From  this  simunary  table  it 
will  be  noted  that  the  cost  varied  from  a  minimum  of  5.46  cents  to  a  maximum 
of  7.65,  and  that  the  average  is  6.75  cents  per  rod.  It  will  also  be  observed 
that  one  man  Installed  on  the  average  almost  45  rods  of  tile  per  day. 

Table  X. — Showing  ^oubs  and  Costs  for  Latino  Tile 

Wages.  30c  per  hour 


Acres 
29 


^ 


Field 

No.  24 

No.  29 10>2 

No.  30 5 

No.  6 54 

No.  31 65 


Rods 

1.591 

.755 

300 

2.666 

1.891 


-Totals- 


Hours       Cost 
386.5  $115.95 


—  Per   rod 

Hours  Cost 


137.5 

76.5 

616.6 

404.4 


41.25 

22.95 

184.98 

121.32 


Totals 163H 

Averages 


7,203      1.621.5     486.46 


.243 
.182 
.256 
.231 
.214 


225 


$0.0729 
.0546 
.0765 
.060S 
.0642 


0.0675 


Owing  to  the  very  great  importance  of  having  the  tile  laid  properly  it  is 
usually  deemed  advisable  to  secure  for  this  purpose  the  services  of  an  eflScient 
man  who  makes  tiling  his  business.  The  services  of  such  a  man  are  always  in 
demand  and  consequently  a  higher  price  per  hour  must  be  paid  to  secure  him. 

In  Table  XI  is  summarized  the  cost  of  filling  the  ditches  for  7,203  rods  of 
$ile  installed  in  163^^  acres.  From  this  table  it  will  be  noted  that  the  cost  per 
rod  of  filling  ditches  varies  from  1.72  cent  to  4.4  cents  and  that  the  average  is 
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3.43  cents.    It  wiU  also  be  noted  that  two  men  with  a  team  can  on  the  average 
fill  140  rods  of  ditch  per  day. 

Tablb  XI. — Hours  and  Costs  fob  Filling  Ditchbs 
Man  rate,  ISc  per  hour;  hor&e  rate,  10c  per  hour 


Field 


-Fields- 


-Totals 


-Per  rodr 


Hours Hours 

Area     Rods      Man    Horse        Cost    Man    Horse        Cost 


No.  24 29 

No.  29 lOM 

No.  30 6 

No.  6 64 

No.  31 65 


1.591  208.70  207.8 

765  131.40     87.0 

300  21.07     20.0 

2,666  319.50  302.0 

1.891  333.50  332.0 


$62.08  .1312 
28.41   .1740 

5.16 
78.13  .1198 
83.23  .1764 


.1152 

.0702  .0666 

.1132 

.1766 


.1307  $0.0327 
.0376 
.0172 
.0293 
.0440 


Totals 163>^  7.2031.014.17  948.8 

Averages 


247.01 


.1408  .1317   .0343 


The  cost  of  fining  ditches  varies  with  the  condition  of  the  soil  and  the  depth 
of  the  cut.  It  was  found  advisable  to  fill  the  ditches  soon  after  trenching, 
because  they  could  then  be  filled  about  one-fourth  faster  than  if  allowed  to 
remain  open  during  a  heavy  rain  storm.  The  rain  packed  the  soil  and  made 
filling  much  more  difficult  for  both  men  and  team. 

A  heavy  team  was  used  with  a  specially  prepared  scraper  about  4  feet  long, 
which  consisted  of  a  straight  board  with  a  steel  cutting  edge  and  had  a  hitch 
so  constructed  that  when  the  team  pulled  taut  at  right  angles  to  the  ditch  and 
the  operator  bore  down  on  the  handles  the  scraper  would  move  into  the  ditch 
all  the  dirt  thrown  out  on  one  side  of  it.  It  was,  of  course,  necessary  to  back 
up  the  team  and  move  the  scraper  longitudinally  along  the  ditch  for  each 
scraper  full.  This  method  was  found  to  be  more  satisfactory  than  the  use  of 
a  plow  or  a  large  township  road  scraper. 

Plaiting  Draine. — The  maps  or  plots  of  the  several  dhiinage  systems  were 
made  by  coimty  surveyors  after  the  system  was  Installed .  The  charge  for  this 
operation  includes  the  engineer's  time,  expenses  in  the  field  and  in  plotting 
and  blue  printing.  It  was  not  deemed  necessary  or  advisable  to  make  a  plot 
of  a  system  before  installing,  but  after  installing  it  was  thought  wise  to  have 
such  a  map  for  the  purpose  of  affording  a  ready  reference  for  the  location  of 
drains  in  case  of  trouble  with  the  system. 

Tablb  XII. — Rbcapitulation  or  Installing  Costs  pbb  Rod 


Hand  work 
1900 

Area  in  am^s 40 

Number  rods 2,560 

Machine  charges 

Machine  operator 

Ga8<rfine 

Oil ^ 

Contract  laying •$0,376 

Fimng  ditches 030 

Other  equipment  charges .004 

Undivided  operations 

Ov^head  charges .023 

Plotting  drains 0158 


Machine 
1910 

66H 
4.080 
$0.1084 
.0315 
.0219 
.0014 
.0634 
.0252 
.0037 
.0433 
.0230 
.0149 


Machine 
1911 

122H 
4,756 
$0.1529 
.0392 
.0305 
.0028 
.0686 
.0363 
.0043 
.0354 
.0340 
.0140 


Average 
machine 

•   •   •   • 

$0.'i324 
.0356 
.0266 
.0022 
.0663 
.0312 
.0040 
.0390 
.0230 
.0144 


Averages 

*  Includes  trenching. 


0.4489       0.3367 


0.4071         0.3746 


In  Table  XII  is  given  a  summary  of  the  preceding  tables  as  regards  all 
tiling  operations  except  hauling,  which,  in  accordance  with  Table  IV,  may  be 


648  HANDBOOK  OF  CONSTRUCTION  COST 

figured  at  about  4c  per  rod.  The  cost  of  tile  will  vary  with  size  of  tile  used 
and  other  factors,  but  Table  IV  will  assist  in  making  an  estimate  of  such  cost 
in  the  absence  of  figures  from  the  factory.  From  the  foregoing  pages  it  will 
be  manifest  that  had  the  trenching  for  all  the  11,395  rods  of  tile  been  done 
by  machine  the  total  cost  of  tile  and  installation  would  have  been  about  two- 
thirds  of  a  dollar  per  rod.  and  that  with  the  fifty  rods  per  acre  used  on  this 
farm,  three  acres  would  have  cost  about  one  hundred  dollars. 

Costs  of  Laying  ao  Miles  of  Tile  Drains. — S.  C.  Hartman  gives  the  following 
in  "The  Monthly  BuUethi"  of  the  Ohio  Agricultural  Experiment  Station  for 
May-June,  1921. 

Twenty  miles  of  tile  have  been  laid  on  the  Washington  County  experiment 
farm.  Because  different  systems  are  used  in  the  work  the  20  miles  or  6,400.7 
rods  were  divided  into  five  sections.  Section  I  was  installed  in  1915  and  con- 
sisted of  955.6  rods;  the  trenches  were  dug  by  hand.  The  cost  of  the  work 
is  taken  from  the  records  of  £.  J.  Riggs,  who  was  then  superintendent  of  the 
farm.  Other  sections  were  dug  with  the  Station  traction  ditcher  during  the 
spring  and  summer  of  1919. 

Section  II  was  started  on  May  17  and  consisted  of  1,984.8  rods.  Section 
III  consisted  of  1,202.5  rods  and  was  begun  on  July  15.  Section  IV  was  dug 
on  the  farm  of  H.  J.  Tresch  and  consisted  of  1,399.6  rods.  This  work  was 
done  under  the  direction  of  Mr.  Tresch  and  serves  as  a  check  for  the  work  d<me 
on  the  Washington  County  experiment  farm.  Section  V  was  installed  on  the 
experiment  farm  after  August  8;  it  consisted  of  858.2  rods. 

Character  of  Soil  Trenched. — The  soil  is  underlaid  with  shale  and  sandstone 
from  which  it  was  largely  formed.  The  soil  varies  from  a  comparatively  light 
clay,  commonly  known  as  a  mixed  soil  to  a  heavy  red  or  Upshur  day.  There 
are  no  boulders  but  the  underlying  rock  interfered  with  the  work  in  several 
places.  While  the  soil  has  a  slight  tendency  to  run  together  it  does  not  dry 
out  as  some  of  the  other  soils  of  the  State.  The  ditcher,  therefore,  made 
good  progress  even  in  a  dry  season. 

Because  of  good  fall  and  convenient  outlets  but  a  few  large  tile  were  re- 
quired. Two-thirds  of  the  tile  were  4-inch.  Those  laid  on  the  experiment 
.farm  in  1919  held  out  to  the  number  purchased  with  15H  feet  of  tile  laid  to  a 
rod.  A  few  Y-tile  were  used  for  making  connections  at  branches.  Sewer 
pipes  were  used  for  the  outlets  because  they  are  longer  than  drain  tile,  are 
burned  harder  and  are  more  easily  held  in  place. 

Coat  of  Labor. — The  labor  available  varied  with  the  different  sections.  The 
work  of  digging  the  trench  in  Section  I  was  in  charge  of  an  experienced  ditcher. 
Practically  one-third  of  the  hours  of  labor  were  performed  by  him  at  30  cents 
an  hour.  The  remainder  of  labor  performed  for  Section  I  was  paid  20  cents 
per  hour.  The  labor  of  1919  was  figured  at  32  cents  per  hour.  For  compari- 
son, the  unskilled  labor  of  1916  is  figured  at  32  cents  also,  and  the  skilled 
ditcher  at  48  cents  per  hour.  The  labor  employed  in  1919  in  addition  to  the 
farm  force  was  such  as  one  was  able  to  employ,  for  the  second  and  third  sec- 
tions, at  one  of  the  busiest  seasons  of  the  year.  Because  of  the  scarcity  of 
help  it  was  necessary  at  times  to  employ  more  help  than  could  be  used  at  an 
advantage  that  sufficient  help  might  be  available  when  needed.  For  the 
fourth  and  fifth  sections  which  were  completed  after  harvest  more  help  was 
available. 

The  trench  for  practically  all  the  tile  was  dug  30  inches  deep.  The  large 
main  tile  were  laid  in  a  deeper  trench.  Over  most  of  the  area  drained  the  tile 
lines  were  laid  2  rods  apart.    Some  lines  were  laid  3  rods  apart.    Those  laid 


LAND  DRAINAGE 


649 


In  1915  were  36  feet  apart.  About  70  acres  were  drained  by  the  5,000  rods 
on  the  experiment  farm  and  20  acres  by  the  1,400  rods  on  the  Tresch  farm. 

Various  Operations  in  Dratno^«.— The  various  operations  in  connection 
with  installing  the  drainage  system  are  conveniently  considered  as  four  opera- 
tions; namely,  digging  the  trench,  hauling  the  tile,  laying  the  tile  and  back 
flUing. 

Digging  the  trench  includes  setting  the  stakes,  and  a  small  amount  of  time 
at  laying  off  the  tile  lines.  Only  where  the  fall  was  doubtful  or  on  a  deep  cut 
was  a  level  used. 

Hauling  the  tile  includes  the  actual  operation  of  hauling  and  also  laying  the 
tile  carefully  along  the  trench  so  that  they  could  be  easily  reached  by  the 
person  in  the  trench. 

Laying  the  tile  followed  the  ditchw  as  closely  as  possible  and  includes  the 
various  operations  between  the  digging  and  the  filling  of  the  trench  after  the 
tile  are  laid;  helping  the  operator  of  the  ditcher  by  setting  stakes,  cleaning 
out  the  crumbs  in  the  trench,  digging  for  connections  where  the  branches 
unite  with  the  main  tile  lines  and  other  places  where  digging  is  necessary;  the 
actual  operation  of  laying  the  tile  and  binding  them  or  covering  them  with 
enough  dirt  to  hold  them  in  place  until  the  trench  can  be  filled.  There  is 
always  some  filling  to  be  done  by  hand.  With  hand  trench-digging,  trenching 
and  laying  the  tile  could  not  be  conveniently  separated.  In  filling  the  trench 
the  dirt  was  backed  into  the  trench  when  possible.  The  dirt  was  also  rigged 
over  the  trench.  In  some  places  it  was  necessary  to  finish  the  work  by  hand. 
Some  time  was  also  spent  in  refilling  the  trenches  before  the  work  was  com- 
pleted. Such  work  was  included  in  "  filling  the  trenches.'*  With  a  consider- 
able amount  of  fall'  in  some  of  the  tile  lines  and  because  of  the  nature  of  the 
soil  some  of  the  trenches  washed  deeply  after  being  filled.  In  other  places  it 
was  necessary  to  again  refill  before  the  cropping  work  could  be  continued  in  the 
field.  Such  work  was  not  included  in  "filling  the  trenches"  but  charged  to 
drainage  maintenance.  Other  operations  in  some  sections  were  considered 
as  miscellaneous,  such  as  hauling  water  and  gasoline  for  the  ditcher,  measuring 
and  laying  off  the  lines,  repair  work  and  other  work  not  closely  connected 
with  other  operations.  These  items  form  a  very  small  part  of  the  work  total- 
ing less  than  1  cent  per  rod  at  the  most.  In  two  sections  these  items  were 
included  as  most  convenient  with  other  operations. 

Trenching. — Section  I,  where  the  trenching  which  was  done  by  hand  required 
an  average  of  1.6  hours  for  each  rod  of  tile.  It  was  not  possible  to  separate 
the  time  spent  at  digging  from  that  of  laying  his  section.  The  time  and  cost 
therefore  of  laying  the  tile  in  Section  I  is  not  easily  comparable  to  laying  the 
tile  after  the  machine  trenching  in  the  other  sections.  In  both  the  second  and 
third  sections  considerable  hand  digging  was  necessary  because  of  the  inter- 
f&eoce  at  the  underlying  rode  and  because  of  a  gas  line  which  crossed  many  of 
the  tile  lines.  The  distance  dug  is  estimated  and  the  required  time  determined 
as  accurately  as  possible.  It  is  a  significaiit  fact  that  the  hand  digging  in 
Section  II  required  more  than  twice  as  much  time  pear  rod  as  that  of  Section 
I.  Ditching  with  the  power  ditcher  is  often  done  when  conditions  are  not 
favorable  for  hand  ditching  which  therefore  must  be  done  at  a  greater  cost 
than  would  ordinarily  be  necessary.  The  cost  of  laying  the  tile  after  the 
machine  trenching  varied  but  averaged  4.6  cents  per  rod.  The  highest  cost, 
that  of  5.5  cents  in  Section  IV,  was  due  to  the  fact  that  it  induces  some  mis- 
cdlaneous  work. 

Allowing  30  cents  per  rod  for  the  ditching  machine,  hand  trenching  and 
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laying  cost  from  170  to  180  per  cent  of  the  cest  of  machine  trenching  and 
laying,  or  one  and  three-fourths  times  as  much,  a  considerable  saving  for 
machine  trenching.  With  hand  trenching,  an  average  of  1.6  hours  of  labor 
were  speixi  on  each  rod,  with  machine  trenching  .14  of  an  hour,  exclusive  of  the 
machine  operator.  Hand  trenching  and  laying,  therefore,  required  eleven 
times  as  many  hours  of  labor  per  rod  as  machine  trenching. 

Table  XIII. — Labor  and  Cost  of  Distributino  Tils 

Man  Horse 

Man       Horse       labor  labor  Cost 

Tile,       labor,      labor,     per  rod,  per  rod,  per  rod 

Section  number            rods        hours       hours       hours  hours  cents 

1 955.6  90 

II 1.984.8  226H 

lU 1,202.5  130 

IV 1,399.6  140 

V 868.2  67H 


60 

.094 

.062 

.04 

dsiyi 

.113 

.192 

.065 

194 

.108 

.161 

.059 

180 

.100 

.129 

.053 

86 

.079 

.10 

.04 

Average 102         .141         .054 

Man  hours  at  32  cents  per  hour;  horse  hours,  15  cents. 

Hauling  the  Tile.— A  variable  factor  in  the  cost  of  a  drainage  system  is  the 
cost  of  hauling  the  tile.  The  cost  varies  with  the  distance  and  the  condition 
of  the  roads.  Since  in  this  case  the  tile  were  delivered  to  the  comer  of  tha 
experiment  farm  the  cost  of  hauling  to  the  farm  is  not  considered.  Table  XIII 
shows  the  labor  required  and  cost  of  distributing  the  tile  from  the  pile  on  the 
farm  to  the  various  tile  lines  as  required.  The  larger  factor  in  the  cost  of  dis- 
tributing the  tile,  exclusive  of  the  eflaciency  of  the  labor,  is  .the  distance  neces- 
sary to  haul  the  tile.  Part  of  the  tile  in  Section  II  were  hauled  directly  from 
the  car  to  the  field.  The  distance  was  greater  and  the  cost  more.  The 
greatest  distance  necessary  to  haul  the  tile  in  distributing  them  was  less  than 
three-fourths  of  a  mile  and  the  average  nearly  one-fourth  of  a  mile.  The  cost 
varied  from  4  cents  per  rod  in  Sections  I  and  V  to  6.5  cents  in  Section  II. 
The  economy  of  delivering  the  tile  to  as  near  the  place  where  they  will  be 
used  as  possible  is  apparent.  It  is  evident  from  the  number  of  man  axti 
horse  hours  that  two  men  usually  worked  at  hauling  with  each  team.  This 
proved  to  be  the  most  economical,  especially  where  the  hauling  distance  was 
not  great. 

Tablb  XIV. — Time  and  Labob  Cost  op  Latino  Tilb 

Digging  and 

laying  by  hand  -Laying  only-  Per  rod 

Time,     Cost,  Time,     Cost,  Time,     Cost, 

Section  number  Rods      hours    dollars  hoiu-s    dollars  hours    dollars 

1 955.6      1,522  574.88 1.6  .601 

II 1,946.8 292      93.43         .16  .048 

•38.0-t24H     39.84 3.28  1.06 

III 1,195.0 168       53.76  .14  .045 

•7.5       lOVi       3.36 1.40  .46 

IV 1,399.6 248      77.76  .174  .056 

V 858.2 78M       25.12  .091  .029 

Average  for  machine  dug  trenches 123       .  089 

*  Estimated  distance  dug  by  haifd,  other  than  that  usually  reauired. 
t  The  time  required  does  not  include  laying  the  tile  but  merely  the  dinuig. 

Laying  the  Tile. — The  most  particular  work  of  installing  the  drainage  system 
is  that  of  (actually  laying  the  tile  in  the  trench.    Anyone  with  a  little  exper- 
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lence  can  da  a  good  job  if  they  will  take  care  with  the  work.  Onlesa  such  a, 
one  ia  avallBble  an  eiperleuceil  tiler  should  be  employed.  It  the  tile  are  not 
properly  laid  the  expense  of  tiling  is  a  poor  investment.  The  actual  opera- 
tion of  laytOK  the  tile  In  the  trench  required  but  little  time,  Tbe  toiIour 
operatlooe  which  were  for  convenience  considered  wltliUfinetlis  tile  requited 
considerable  time.  Table  XIV  gives  the  time  and  labor  coat  ol  laying  the 
tile  for  each  section. 

Costs  o(  Liyliig  Tile  Drain  ow  Two  Jobs.— H,  R.  Ferris,  In  Enginaering  and 
Contracting.  Bept.  13.  iOIfl.  gives  tbefollowliigCbBts  of  laylogSOOft.cldralnB 
of  the  design  and  cra8B.sectlon  shown  by  Fig.  2  (l),alleicav»tioa  In  sandy  loam 
surcharged  with  water  (not  quicksand).  TiM  ditch  required  close  timbering 
In  certain  places.  Tbe  actual  excavation  was  about  ZH  ft.  only,  as  a  slight 
fill  coivered  the  top.  Tbe  worV  was  designed  to.  be  permanent,  and  has  been 
In  continual  and  sattafactory  use  tor  over  three  years.    The  costs  toUow: 


Jjhat: 

ForenuD,  6  d«y«  @  t  8,00 •  15.00 

Labor,  171  hra,  @  I0.3O 52.20 

MateiiKlst 

Lumber  (2  X  12  <wdar).  600  ft,  B,  M.  @  IIS.OO 10. SO 

Gravel  26  cu  yd.  ®  »  1.60 37.60 

Tlmbfr  (braoing).  SOO  ft.  B.  M.  ®  SI2.00 e.AO 

Tile(4-iii.  fwnil  900  lin.  ft.  @  U.03 .27.00 

tlS2  10 


Pa 


Fia.  2.— Beodans  of  tile  drains. 

It  was  not  practicable  to  separate  the  cost  of  laying  planks,  tile,  etc.  Tbe 
labor  (174  hr.)  represents  tbe  total  time  on  this  work,  with  the  exceptim  uf 
earth  backfill,  which  was  done  several  days  later  with  team  and  scraper. 
Tbe  prices  for  materials  hiclude  deHyery  along  the  work.  Fig.  2  (2)  ehows 
the  type  of  drain  construction  tor  Uie  second  Job,  oovering  1,900  ft.  of  drain 
The  coets  were  as  tollowa: 
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Materials: 

Rouffh  planks  (1  X  8).  1.900  lin.  ft.  @  $8.00 $  IS.  20 

Gravel,  160  cu.  yd.  @  $1.00 160.00 

Straw,  11  bales 6. 60 

Tile  (3-in.  form),  3,800  Un.  ft.  (&  0.03 114.00 

$295.80 


Cost 
per  ft 

.008 
.084 
.003 
.060 

0.155 


The  prices  for  materials  cover  oost  delivered  along  the  line  of  the  work. 
Cost  of  removing  surplus  esSrth  is  not  included.  Excavation  was  in  stiff  day, 
and  the  work  was  performed  in  wet  weather.  Good  f mernan  and  average  crew. 
The  costs  of  excavation,  backfilling  with  gravel,  etc.,  were  not  separated. 

Broken  stone  (30  cu.  yd.)  used  in  the  drain  was  taken  from  a  nearby  sewer 
trench,  which  had  been  excavated  in  rock.  This  was  deHvered  conveniently 
along  the  line  of  the  trench,  and  the  cost  of  delivery  is  not  included  in  the  above, 
but  the  cost,  however,  of  the  handling  in  the  trench  is  included  In  all  about 
190  cu.  yd.  of  gravel  and  rock  were  used  over  the  tiles. 

Making  Cement  Drain  Tile  by  Hand  on  an  Isolated  Job. — R.  C.  Hardman. 
in  Engineering  and  Contracting,  May  29,  1912,  gives  the  following  costs  for 
making  297  lin.  ft.  of  cement  drain  tile  by  hand  using  unskilled  Mexican 
labor. 

Two  sets  of  wooden  forms  were  built,  each  having  molds  for  six  sections  of 
tile ;  these  formed  the  outside.  For  the  core  mold,  or  inside  form,  a  galvanized 
iron  cylinder  was  used.  This  cylinder  was  centered  inside  the  wooden  mold 
and  pulled  as  soon  as  the  cement  was  placed,  to  be  inserted  in  another  wooden 
mold.  The  wooden  forms  were  let  stand  24  hours  before  removal.  All 
cement  was  hard  tamped  and  was  a  1 :4  hand  mixture.  The  tiles  molded  were 
8X8  ins.  X  2K  ft-  outside  and  6  ins.  diameter  inside.  The  cost  was  as 
follows: 

CoBt 

Materials:  Cost  per  ft. 

Cement,  4.5  bbb.,  at  $3.43 $15.44  

Sand  on  site 

Lumber,  s<H'ap 


$15.44 
Labor: 

Carpenter,  9  hrs.  on  forms,  at  $0.50 $4. 50 

Laborers,  66.5  hrs.,  at  $0.15625 10.39 

Laborers,  17.0  hrs.,  at  $0.1875 3. 19 


Total. 


$18.08 
$33.52 


$0.0519 

$0.0152 

6!  0457 

$0.0609 
$0.1128 


Centrifugal  Pumping  Plants  for  Drainage  with  Diagram  of  Plant  Costs. — ^In 
a  paper  before  the  Louisiana  Engineering  Society,  and  published  in  the  Journal 
of  the  Association  of  Engineering  Societies,  H.  L.  Hutson  discusses  a  type  <rf 
drainage  pumping  plant  which  his  experience  leads  him  to  believe  is  preferable 
to  others  for  conditions  as  found  in  Louisiana.  The  following  abstract  of  Mr. 
Hutson's  paper,  is  given  in  Engineering  and  Contracting,  July  3,  1912. 

The  plant  which  I  should  like  to  see  become  standard  for  drainage  work  in 
Louisiana  would  be  one  of  large  capacity  consisting  of  two  or  more  laiige 
centrifugal  pumps,  each  direct  connected  to  compound  condensing  flngincmi  of 
the  Corliss  or  4-valve  type;  the  steam  being  furnished  by  water  tube  boilers 
using  oil  fuel.  Such  a  plant,  if  the  units  were  of  50,000  to  100,000  gals,  per 
minute  capacity,  would  be  ideal  from  the  mechanical  engineer's  standpoint. 
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as  the  units  would  be  sufScientiy  large  to  get  good  economy,  the  engines  would 
run  at  such  speed  and  be  of  such  horse-power  that  the  very  lowest  prices 
could  be  obti^ed,  and  the  plant  would  be  large  enough  to  employ  skilled 
labor  to  operate.  I  realize  that  this  means  the  use  of  one  plant  for  a  large 
acreage,  say  10,000  to  100,000  acres,  and  that  this  in  turn  means  long  canals 
and  a  high  lift,  but  I  will  try  to  show  that  the  cost  of  operation,  even  the  cost 
of  fuel,  will  be  less  per  l,000,000,gal8.  gotten  rid  of  by  the  large  plant  than  the 
small.  I  am  giving  only  the  point  of  view  of  the  mechanical  engineer.  There 
may  be  conditions  known  to  the  dvil  engineer  oi  to  the  farmer  which  would 
make  the  use  of  large  plants  out  of  the  question  in  this  territwy. 

The  drainage  work  which  I  am  familiar  with  is  that  in  Illinois  and  Iowa  and 
that  in  Louisiana.  The  conditions  are  somewhat  different,  and  these  differ- 
ences are  partly  responsible  for  the  variations  in  engineering  practice.  In 
Illinois  and  Iowa  the  drainage  districts  lie  along  the  river  bottoms  and  consist 
of  land  which  have  limited  natural  drainage  when  the  rivers  are  low 
but  which  are  subject  to  overflow.  In  the  formation  of  levee  and  drainage 
districts,  the  natural  boundaries  are  usually  fcdlowed  so  that  each  district  will 
have  a  single  outlet  with  a  pumping  plant  to  take  care  of  the  rainf aU  during 
such  time  as  the  river  is  high  enough  to  prevent  gravity  drainage.  The  Bay 
Island  Drainage  and  Levee  District  No.  1,  a  district  in  Mercer  County, 
Illinois,  is  typical  of  the  larger  plants.  It  has  an  area  of  20,000  acres  and 
takes  the  run-off  of  a  smaller  district  of  4,000  acres  additional.  This  plant 
was  designed  for  a  capacity  of  200,000  gals,  per  minute  against  a  lift  varying 
from  0  to  12H  ft.,  and  consisted  of  two  60>in.  units,  all  the  equipment  being  of 
the  highest  class,  designed  for  high  economy. 

The  smaller  plants  in  Illinois,  no  doubt,  have  simple  non-condensing  engines 
and  are  of  cheaper  construction. 

In  Louisiana,  where  the  country  is  flatter,  the  pumping  plant  must  pump  off 
the  rainfall  throughout  the  year.  The  land  which  is  now  being  reclaimed  lies 
in  the  midst  of  swamp  or  marsh  or  partly  surrounded  by  lakes  or  bayous. 
Being  nearly  flat,  the  engineer  has  the  choice  of  numy  outfall  locations  and  may 
install  either  one  large  plant  or  a  number  of  small  ones.  Obviously,  with 
several  small  plants  draining  but  a  few  thousand  acres  each  and  piunping  to  a 
free  outlet  at  the  pmnping  plant,  the  lift  the  pumps  must  work  against  is  low 
— not  more  than  3  to  6  ft.  With  this  lift  and  imits  of  36,000  gals,  per  minute 
or  less,  it  is  out  of  the  question  to  advocate  compound  condensing  engines  of 
the  Ck>rliss  type,  as  the  cost  per  h.  p.  is  out  of  proportion,  due  to  the  small 
size.  Nor  can  we  offer  high-grade  engines  of  the  type  genially  used  for  this 
horse-power  in  electric  work  because  the  rotative  speed  of  these  large  pumps  is 
much  below  that  of  a  generator  requiring  equal  horsepower.  No  doubt  the 
majority  of  engineers  would  consider  that  a  low  lift  is  very  desirable  and  that 
it  means  getting  rid  of  the  water  at  a  low  cost  of  fuel.  As  a  matter  of  fact, 
the  fuel  for  pumping  off  a  million  gallons  will  be  less  with  an  economical  plant 
pumping  against  a  9-ft.  lift  than  with  a  simple  non-condensing  plant  such 
as  is  usually  installed  pumping  against  3-ft.  lift.  The  extra  6  ft.  of  fall 
would  undoubtedly  be  sufficient  to  increase  the  area  which  could  be  drained 
by  from  three  to  nine  times  the  size  of  that  served  by  the  small  pump. 

The  saving  in  the  matter  of  labor  of  a  large  plant  over  a  number  of  small 
ones  ii  obvious.  The  larger  plant  would  require  a  higher  class  of  help,  but 
this  is  an  advantage  as  the  higher  class  man  is  more  reliable  than  the  cheaper 
hfrip.  The  cost  of  the  machinery  for  such  a  plant  would  be  greater  than  that 
of  several  small  plants  with  cheap  equipment,  but  the  cost  of  the  complr 
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plant  erected  would  undoubtedly  be  less  for  the  large  than  for  a  number  of 
small  plants.  There  would  be  many  advantages  with  the  laxge  plant  and 
better  machinery.  If  compound  engines  were  used,  they  would  be  made  to 
carry  great  overload  if  necessary  by  using  live  steam  in  the  receiver.  If  they 
were  cross  compound  and  an  accident  put  one  side  out  of  commission,  it  would 
still  be  possible  to  run;  and  as  the  pump  is  little  subject  to  accident,  this 
feature  would  practically  give  a  reserve  unit. 

I  have  advof^ted  water  tube  boilers  and  oil  fuel  as  these  features  would 
permit  steam  to  be  raised  quickly  and  one  fireman  could  operate  a  boiler 
plant  of  any  size  required.  If  the  boilers  are  of  the  sectional  water  tube 
type  similar  to  those  used  in  naval  work,  steam  may  be  raised  in  30  minutes 
without  danger  to  the  boiler.  With  automatic  oil-fuel  pumps,  one  man  could, 
if  necessary,  operate  a  plant  in  an  emergency.  In  fact,  there  is  one  irriga- 
tion plant  of  which  I  know  which  is  operate  by  one  man  who  attends  the 
boiler  and  engine.    It  is  a  compound  condensing  engine  of  226  h.  p. 

Coat  of  Planta. — The  question  as  to  the  approximate  cost  of  a  plant  of  a 
certain  capacity  and  Itf t  is  (rften  asked  by  engineers  and  others  who  are  mak- 
ing preliminary  estimates.    In  fact,  this  is  the  first  question  which  the  pro- 
spective customer  is  likely  to  ask.    Although  we  have  several  rough  rules  for 
figuring  these  costs,  none  of  them  is  satisfactory  as  applying  to  both  drainage 
and  irrigation  plants.    It  has  been  the  custom  in  making  rough  estimates  of 
pumping  plants  desigrned  for  lifts  of  from  25  to  40  ft.  to  figure  them  at  $80 
to  $100  per  water  horse-power,  but  one  wiU  readily  see  that  the  same  figure 
will  not  apply  to  a  drainage  plant  of  like  capacity  pumping  against  a  head  of 
3  ft.,  as  the  cost  of  the  pumps,  suction  and  discharge  pipes,  etc.,  would  be 
very  nearly  the  same  for  the  low-lift  plant  as  for  the  high-lift,  whereas  the 
horse-power  would  be  so  small  as  to  put  the  plant  in  a  different  class  alto- 
gether from  the  one  with  the  higher  lift.    In  order  to  be  able  to  give  approxi- 
mate figures  I  endeavored  to  tabulate  the  various  bids  which  the  concern  I  am 
connected  with  has  made  on  pumping  idants  within  the  last  ten  years,  and 
found  that  a  tabulation,  or  even  a  curve,  ot  these  bidding  prices  would  be  of 
little  value,  as  in  some  cases  we  bid  including  the  building,  foundations  and 
even  intake  work,  ^i^iereas  in  others  our  price  was  merely  for  machinery  f .  o.  b. 
cars,  or  i^gain  for  machinery  erected  <m  foundations  buUt  by  the  purchaser. 
To  make  a  comparison,  therefore,  I  decided  to  take  the  cost  of  all  the  mechan- 
ical equipment  necessary  for  the  plant,  and  using  our  costs  sheets  as  a  guide 
make  up  curves  which  would  represent  these  plants,  erected  ready  for  opera- 
tion at  some  point  in  Louisiana  or  Texas;  in  other  words,  I  have  assumed, 
what  is  very  far  from  the  fact,  that  the  cost  of  freight,  barging,  foundations, 
erecting,  etc.,  is.  a  constant  percentage.    This  is  done  because  it  is  not  the 
intention  that  this  diagram  of  costs  shall  be  used  for  obtaining  actual  costs  of 
plants  but  that  it  shall  be  r^ative  only  and  be  used  for  the  purpose  of  deciding 
the  most  economical  size  of  units  to  use  in  a  large  plant  and  also  for  making 
approximate  estimates  on  the  assumption  that  a  plant  of  two  or  more  units 
will  be  a  multiple  of  the  cost  of  a  single  unit  plant.    In  this  diagram,  I  have 
not  included  the  building,  as  the  cost  of  this  would  depend  upon  the  style 
of  architecture,  nor  have  I  included  any  dredging,  intake  work,  flume  or  canal 
work.    I  did  include  the  building  foundation,  as  it  is  usually  necessary  to 
place  a  pumping  plant  in  a  pit,  in  which  case  the  pit  walls  form  the  building 
foundation,  and  the  pump  foundation,  engine-room  floor  and  walls  are  made 
monolithic. 

For  the  reasons  above  given,  it  will  be  impossible  to  make  smooth  curves 
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usbig  either  the  water  horse-power  or  the  gallons  per  minute  as  one  of  thi 
coordinates.  It  se^ns  more  logical,  therefore,  and  gives  data  which  ar 
much  more  useful,  to  divide  the  plant  into  two  parts,  and  consider  it  merely 
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•A  a  steam-power  plant,  which  drives  a  pumping  plant.  I  have,  therefore 
divided  the  cost  into  two  parts:  cost  of  the  "  steam  end  "  and  cost  of  the  "  wate 
end."  but  showed  these  on  the  same  sheet.  In  using  this  diagram  it  is  very  im 
portant  that  this  fact  should  be  borne  in  mind  and  that  the  cost  of  the  "  wate 
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end"  should  be  added  to  that  of  the  "steam  end.'*  The  cost  of  the  "water 
end ' '  is  given  in  terms  of  gallons  per  minute  at  the  rated  capacity.  The  cost  of 
the  "  steam  end  "  is  given  in  terms  of  indicated  horse*power  and  it  is,  therefore, 
necessary  to  figure  this  horse-power  by  assuming  the  combined  efficiency  of  the 
engine,  drive  (if  there  is  one)  pump  and  piping.  It  will  be  noticed  that  it  is 
necessary  to  use  zones  instead  of  lines  to  indicate  these  costs,  the  variation  being 
due  to  numerous  causes.  The  zone  marked  "  Water  end  "  covers  pumps,  suction 
and  discharge  pipes,  and  is  the  only  one  which  refers  to  the  gallons  per  minute 
scale  at  the  bottom  of  the  diagram.  The  zone  marked  "  Steam  end,  compound 
condensing  Corliae  or  4^alve  engines'*  covers  the  complete  steam  plant  equip- 
ment including  this  type  of  engine  with  water  tube  boilers.  The  zone  marked 
"Compound  condensing  slide  valve**  covers  this  type  of  engine  with  either 
water  tube  or  return  tubular  boilers  depending  on  the  size  of  plant.  The  zone 
marked  "Simple  slide  valve  non-condensing"  covers  the  type  of  engine  indi- 
cated with  horizontal  return  tubular  boilers. 

Engineers  in  comparing  these  costs  with  other  power  plant  costs  may  dedde 
that  I  have  made  them  unnecessarily  high  even  for  approximate  figures, 
but  it  should  be  remembered  that  practically  all  of  these  plants  are  installed 
between  the  high  and  low-water  mark  of  the  stream  on  which  they  are  situated 
and  that  in  the  case  of  drainage  plants  they  must  almost  invariably  be  put  in 
on  the  land  which  they  are  to  drain.  The  freight  rates  throughout  this 
territory  are  high  and  the  problem  of  transporting  material  from  the  railroad 
to  the  site  of  the  plajit  L>  always  a  difficult  one,  as  it  usually  means  either  haul- 
ing many  miles  over  roads  which  are  sometimes  impassable,  or  barging  on 
streams  that  are  seldom  navigated.  All  of  these  plants  go  in  near  the  coast 
on  land  more  than  100  miles  from  the  location  of  any  stone  suitable  for 
concrete.  On  one  occasion  the  best  quotation  which  we  could  get  on  sand  or 
gravel  delivered  on  barge  at  the  site  of  the  plant  was  $4.00  per  yard,  and  yet 
this  plant  was  located  on  a  stream  supposed  to  be  navigable.  On  one  drainage 
plant  there  were  90  days  in  which  the  water  was  either  at  or  near  the  floor  line 
and  the  erection  work  had  to  remain  at  a  standstill.  This  same  plant  when 
completed  could  not  be  tested  for  lack  of  water  to  give  contract  conditions. 
In  the  case  of  every  plant  on  the  Rio  Grande  for  which  we  have  furnished 
equipment,  the  river  has  overflowed  between  the  times  when  the  machinery 
was  delivered  and  the  completion  of  the  plant.  This  overflow  has  flooded  the 
valley  for  eight  or  ten  miles  from  the  plant. 

If  the  curves  were  carried  out  a  little  further  they  would  show  the  fallacy  of 
a  belief  which  many  people  have  that  simple  dide-valve  engines  and  return 
tubular  boilers  form  the  cheapest  equipment  which  can  be  furnished  under  all 
conditions.  Many  saw-mill  owners  purchase  this  class  of  machinery  with  the 
idea  that  they  are  not  interested  in  economy  and,  therefore,  should  buy  the 
cheapest  class  of  engines.  Where  the  horse-i)Ower  required  is  400  h.  p.  or 
above,  they  could  undoubtedly  buy  compound  condensing  equipment  with  the 
necessary  horse-power  of  water  tube  boilers,  and  the  cost  of  the  conaplete 
plant  erected,  including  building,  would  be  much  below  that^  of  the  unecon- 
omical plant. 

Comparative  Economy  of  Steam  Operated  and  Electrically  Operated 
Pumping  Plants  for  Drainage. — ^An  argument  for  the  use  of  electric  power 
for  operating  drainage  pumping  plants  is  contained  in  a  paper  read  before  the 
fourth  meeting  in  Jan.,  1912,  of  the  Association  of  Drainage  and  Lievee 
Districts  of  Illinois.  The  following  matter  is  from  an  abstract  of  the  paper 
as  published  in  Engineering  and  Contracting,  Oct.  1,  1013. 
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AbouiU  »/  Water  to  bt  Punpid.—Tba  avenge  talnfall  for  the  Ituds  com- 
piialng  the  diatilctt  in  the  IlUaola  River  raa>y  be  cloeelr  eitlnuled  from  the 
iKoria  which  hAve  been  Itept  since  ISSQ  by  tiie  Commluloneni  01  the  Cool 
Creek  Drainage  and  Levee  District  uid  abo  from  tlie  Internal  Impiavement 
ConunlBiioo  of  Illinois.  The  Coal  Cieek  records  show  an  average  yearl; 
lainfaU  of  slightly  leia  thaa  32  ins.,  while  the  tnulmuia  ninfall,  which 
oocuired  in  IMZ.  was  4I.S5  Ins.i  or  about  2S  pei  cent  mare  than  the  average 
rainfall.  The  average  rainfall  in  Central  Illinois,  ta  given  by  the  Internal 
Improvement  Conuniadon  of  lUinals,  ia  found  to  be  35.34  Ins..  which  is 
about  9  per  cent  greats  tboD  the  records  of  the  Coal  Cieek  station. 

This  paper  reteca  apeciflcall;  to  the  conditions  exisling  In  the  case  of  drain- 
age districts  lylne  along  the  Illinois  River,  and  for  ttieee  diatrlcts  the  average 
yearly  rainfall  la  atwut  32  Ins.,  while  the  maximum  rainfall  la  about  40  ins. 
Ateran'  Run-off  0/  Drainaa'  Landi.— There  are  very  few  data  as  to  the 
actual  nm-off  measured  in  per  cent  of  the  average  r^nfaJl.  The  report  of 
Uie  Internal  Improvement  Commission  of  IliiDOls.  1908-1610,  ahows  that  the 
average  run-otf  of  the  rivers  cJ  the  state  waa  about  2S,S  percent  of  the  rainfall. 
Thla  nm-oO  Is  conalderahly  exceeded  In  drainage  dlstiicta  because  of  the  ease 
with  which  the  water  is  drained  from  the  land,  thus  ntalilng  ihe  evaporation 
Un  than  would  normally  occur,  and  also  because  ot  a  onall  amount  of  seepage 
ftnoi  the  liver  into  the  district  under  the  levees. 

Tests  were  made  during  the  past  year  of  the  actual  discharge  ed  the  pumpa 
in  the  Coal  Creek  Drainage  and  Levee  District  and  it  was  found  that  after 
comparing  the  hours  of  operation  with  the  rainfall  from  Jan.  1  to  Bept.  26. 
1911,  therun-<dlwasat  the  rate  of  31.2  per  cent  td  the  lainfall.  This  run-off 
indicates  that  the  discharge  was  about  one-sixth  greater  than  the  diseliarge  of 
the  rivers  of  the  state,  this  Increase  being  due  no  doubt  to  a  small  amount  of 
aeepa^  and  a  decreased  amount  of  evaporation.  It  Is  probable  that  the 
Sgure  of  3 1  per  cent  for  run-off  may  be  applied  without  serloiu  error  to  all  of 
the  districts  shnllariy  eltuated  In  the  Illinois  valley. 

The  report  of  tlie  Louisa-Dee  Moines  Draiiiags  District,  No,  4,  tor  1911, 
shows  that  the  amount  of  run-off  which  occurred  was  equal  to  31.3  per  cent 
of  the  rainfall  for  that  year.  This  figure  corroborates  the  former  figure  to  a 
mariced  degree  and  tends  to  make  the  figure  of  abcut  3 1  per  cent  a  reliable  one. 
The  actual  average  amount  of  water  to  be  pumped  therefore  amounte  to 
about  31  per  cent  of  32  Ins.  In  rainfall,  or  approximately  10  ins.  In  depth  of 
water  oa  each  acre  of  the  watetshad.  The  maximum  amount  of  water  to  be 
pumped  probably  amounts  to  about  31  per  cent  at  41.6  Ins.  or  about  13  Ins. 
depth  of  water  on  each  acre  of  tbe  watershed. 

Btad  of  Waltr  (o  be  Pumped  AeaiiM. — The  lift  of  the  water  to  be  pumped 
from  districts  varies  from  xero  for  natural  drainage  up  to  a  maximum  of  about 
31  ft.  In  the  lowest  dlHtricts.  The  extreme  maximum  lift,  however,  only 
occure  once  In  six  or  seven  years,  and  tlien  only  for  periods  of  probably  tea 
days.  From  records  which  were  kept  in  the  Coal  Creek  District  tbe  maximum 
lift  exceeded  19  ft.  In  only  two  yean  out  of  13.  and  the  total  number  of  days 
during  wblch  this  lift  was  exceeded  amounted  to  31  days  in  these  two  years. 
Tbe  normal  maximum  lift  of  the  decfter  districts  of  Ihe  river  is  probably 
about  18  ft.  for  those  districts  which  never  have  natural  drainage.  Many 
dlatrtcts  an  able  to  drain  their  land  during  time  of  low  water  simply  by  open- 
ing alulceways.  In  these  districts  the  normal  maximum  lift  is  about  13  to  14 
ft.  The  Kverage  Uft  through  which  water  has  to  be  pumped  varies  from 
fl  to  11  ft. 
42 
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Maximum  Pumping  Capacity  Required. — S.  W.  Woodward,  in  the  United 
States  Department  of  Agriculture  bulletin,  "Land  Drainage  by  Means  of 
Pumps,"  concludes  after  a  very  thorough  examination  of  this  question,  that 
the  maximum  capacity  should  be  sufficient  to  remove  H  in.  of  rainfall  in  24 
hours  of  continuous  operation.  Pumping  plants  which  have  had  this  capacity 
have  been  able  to  drain  successfully  their  districts  in  the  worst  storm  condi- 
tions, and  it  would  seem  therefore  that  a  larger  capacity  than  this  only  entails 
useless  investment. 

Since  the  maximum  lift  occurring  in  any  district  only  occurs  once  in  about 
six  years,  and  then  only  for  a  short  period  it  is  not  necessary  to  provide  this 
capacity  of  K-iQ-  P^'  clay  at  the  maximum  lift.  In  general,  the  maximum 
power  required  should  be  that  necessary  to  remove  K-iii-  of  water  in  24  hours 
against  a  lift  of  about  3  ft.  less  than  the  highest  recorded  lift.  In  other  words, 
if  the  highest  recorded  lift  be  21  ft.  a  pumping  capacity  of  K-in*  per  24  hours 
against  a  lift  of  18  ft.  will  be  sufficient. 

To  the  lift  mentioned  above  must  be  added  the  loss  of  head  due  to  friction 
of  the  water  in  the  suction  and  discharge  pipes  and  the  velocity  head. 

Types  of  Steam  Pumping  Stations. — Most  of  the  pumping  stations  now  used 
to  drain  districts  are  steam  driven  and  the  majority  of  these  stations  comprise 
an  installation  of  fire  tube  boilers,  Corliss  or  four-valve  engines  either  belt- 
driven  or  direct  connected  to  centrifugid  pumps.  The  usual  arrangement 
is  to  have  two  pmnps  to  a  station,  the  relative  capacities  of  which  may  usually 
be  one-third  and  two-thirds,  respectively,  of  the  total  capacity.  The  object 
of  having  a  dissimilarity  ot  sizes  is  due  to  operating  conditions  which  require 
heavy  pumping  for  only  about  three  months  of  the  year.  During  the  other 
nine  months  the  amount  of  water  to  be  pumped  is  far  b^ow  the  capacity 
necessary  for  the  maximum  requirements,  and  the  smimer  unit  is  gen- 
erally Intended  to  handle  the  minimum  flow  of  water  as  economically  as 
possible. 

From  60  to  75  per  cent  of  the  total  work  done  in  piunping  the  water  is 
ordinarily  done  from  March  15  to  June  15,  while  the  remaining  25  or  40  per 
cent  is  about  evenly  distributed  over  the  other  nine  months  of  the  year. 
This  condition  is  detrimental  to  the  economy  of  a  steam  plant  because  during 
a  period  of  about  nine  months  the  amount  of  pumping  to  be  done  is  far  below 
the  capacity  of  the  plant. 

Fixed  charges  are  a  very  appreciable  part  of  the  total  cost  of  pumping. 
For  the  conditions  existing  on  the  Illinois  River  the  item  of  interest  should 
be  taken  at  6  per  cent,  taxes  and  insurance  at  1  per  cent  and  depreciation  at 
10  per  cent,  giving  a  total  of  17  per  cent  fixed  charges  per  year  on  the  original 
investment.  The  fixed  charges  provide  for  the  financing  of  the  pumping 
plant  as  a  permanent  institution  so  that  a  sinking  fund  may  be  established 
which  will  provide  money  for  renewals  and  rebuilding  from  time  to  time  so  as 
to  maintain  the  plant  continuously  in  working  oider.  When  the  fixed  charges 
have  been  properly  taken  into  account  after  an  adequate  pumping  station  has 
be^n  built  it  is  never  necessary  to  levy  additional  assessments  from  time  to 
time  to  provide  for  rebuilding  the  plant. 

The  operating  expenses,  of  whidi  the  principal  items  are  coal,  labor,  sup- 
plies and  repairs,  provide  merely  for  the  daily  operation  of  the  plant,  and  these 
operating  expenses  are  in  no  sense  the  total  cost  of  operation,  as  has  often  been 
assumed  when  the  cost  of  piunping  is  discussed.  The  actual  cost  of  operating 
the  steam  pumping  stations  of  several  drainage  districts,  based  on  the 
in  the  district,  is  given  in  Table  XV. 
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Tablb  XV.— Ooer  of  Stbam  Pumping 

t  $  ^  I  .S  .3  |l       §       ^ 

•s  fl-s      sS     'Sg     g-s     -|      -^      g£     la  ^t 

2  «-^  "aS*         SS        a®  o|  ®'C         ?*        rs^    ?*» 

I        y    ll   J^   1^   i^    ii    h  IMS 

A 100  $  7.000  $1,190  $2,200     2.160    2,160  $1.02     $1.57  65 

B 275  30.000     5.100     8.412  11.000  11,000       .765     1.23  62 

C 500  50.000    8,500     5,966  16.000  13.000       .459     1.11  41 

D 250  25.000     4.250     5,400     7,420     6.800       .796     1.42  56 

E 325  35,000     5,950     4,700    7,420     6,800       .690     1.57  44 

Totala $3.74     $6.90     268 

Average $0,748  $1.38  53.6 

The  average  cost  of  drainage  by  well  designed  steam  stations  draining 
districts  of  about  10,000  acres  is  about  $1.25  per  acre  per  year,  of  whlcli  the 
operating  expenses  will  be  about  60  cts.  at  the  present  prices  of  coal  and 
labor. 

Types  of  Electric  Pumping  Stations. — The  types  of  electric  pumping  sta- 
tions now  in  use  in  the  Illinois  River  include  standard  centrifugal  pumps  belt- 
driven  by  constant  speed  induction  motors  and  the  transformers  and  other 
electrical  equipment  necessary  for  the  operation  of  the  motors.  The  pumping 
capacity  of  these  plants  should  preferably  be  divided  into  three  units  instead 
of  two,  as  is  the  usual  design  in  a  steam  plant. 

One  ot  the  great  advantages  of  the  electric  pumping  station  over  a  steam 
station  is  that  the  pumping  units  may  be  properly  sized  for  the  work  that  they 
have  to  perform.  One  of  these  pumps  shoidd  be  small  enough  so  that  it  may 
run  for  lon^  periods  and  merely  take  care  of  the  minimum  flow  of  water. 
This  small  unit  permits  the  level  of  the  water  in  the  ditches  to  be  kept  prac- 
tically constant  and  this  water  may  be  pumped  out  each  day  without  addi- 
tional expense  over  letting  the  water  accumulate  and  pumping  it  down  at  a 
high  rate,  as  is  done  in  steam  plants. 

The  average  initial  cost  of  the  steam  stations  given  in  Table  XV  is  $3.71  per 
acre.  The  cost  of  electric  stations  ior  this  same  work  would  vary  from  $2.22 
to  $2.41  per  acre. 

The  fixed  charges  of  an  electric  plant  are  less  than  the  fixed  charges  of  a 
steam  plant  and  they  have  been  taken  as  follows:  Intefest  at  6  per  cent; 
taxes  and  insurance  at  1  per  cent,  depreciation  at  6  per  cent,  giving  a  total  of 
13  per  cCTit  fixed  charges  per  year  on  the  investment  in  an  electric  station. 
Taking  the  taigrher  figure  of  $2.41  per  acre  as  the  cost  of  electric  stations,  the 
fixed  charges  per  acre  per  year  amount  to  13  per  cent  of  $2.41,  or  81  cts.  per 
acre  pw  year. 

The  total  average  cost  of  drainage  by  steam  pumps  in  Table  XV  is  $1 .38  per 
acre  per  year,  based  on  the  acreage  in  the  district.  Subtracting  from  this 
figure  the  31  cts.  fixed  charges  on  an  electric  station  shows  that  $1.07  per  acre 
per  year  can  be  paid  for  operating  expenses  including  electrical  energy,  without 
incurring  a  higher  total  cost  than  the  average  cost  of  steam  pumping. 

Taking  the  total  cost  of  piunping  by  well-designed  steam  stations  as  $1.25 
per  acre  per  year,  we  find  by  the  same  method  that  the  sum  of  94  cts.  per  acre 
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per  year  may  be  expended  for  operating  expenses  in  an  dectric  station  before 
the  total  cost  exceeds  the  cost  of  steam  pmnping. . 

Following  the  same  process  with  the  minimum  attainable  cost  of  $1.10  per 
acre  per  year,  it  is  foimd  that  79  cts.  per  acre  per  year  may  be  expended  on 
operating  expenses  without  these  expenses  exceeding  the  cost  of  steam 
pimiping. 

The  items  of  labor  and  supplies  in  an  electric  plant  will  not  exceed  16  per 
cent  of  the  total  operating  expenses.  Reducing  this  figure  to  terms  of  tlie 
energy  required,  it  is  seen  that  if  we  combine  the  energy  required  with  the 
labor  and  supplies  on  this  basis  an  equivalent  amount  of  energy  equal  to  24 
kilowatt  hours  per  acre  per  year  would  be  required. 

On  this  basis  the  average  steam  station  given  in  Table  XV  could  be  substi- 
tuted by  an  electric  station  and  a  rate  of  $1.07  divided  by  24  kilowatt  hours, 
or  4.97  cts.  per  K  W.  H.,  could  be  paid  without  the  total  cost  of  pumping 
exceeding  the  cost  given  in  Table  XV. 

In  the  case  of  the  total  average  cost  for  well-designed  steam  staticms  or 
$1.25  per  acre  per  year,  a  district  could  afford  to  pay  3.92  cts.  per  K.  W.  H. 
without  the  total  expense  exceeding  $1.25  i>er  acre  per  year. 

In  the  case  of  the  minimum  attainable  cost  of  $1.10  per  acre  per  year  a  dis- 
trict can  afford  to  pay  3.29  cts.  per  K.  W.  H.  before  the  total  cost  of  operation 
exceeds  $1.10  per  acre  per  year. 

All  the  evidence  shows  that  if  a  supply  of  electrical  energy  can  be  bought  for 
4  cents  per  K.  W.  H.,  that  the  total  cost  of  pumping  by  electricity  does  not 
exceed  the  total  cost  of  pmnping  by  steam  in  well-designed  steam  stations. 
If  a  district  is  able  to  obtain  a  lower  rate  than  4  cts.  per  K.  W.  H.  for  energy 
they  are  able  to  save  money  over  the  cost  of  (^)erating  steam  stations. 

If  energy  cannot  be  bought  for  less  than  4  cts.  per  K.  W.  H.,  the  question  as  to 
how  high  a  rate  it  is  permissible  to  pay  depends  on  the  relative  value  of  electric 
puntping  compared  with  steam,  as  measured  by  the  results  obtained  instead 
of  the  money  expended.  When  considering  this  question  from  the  broadest 
view,  a  drainage  district  is  formed  for  the  purpose  of  raising  agricultural 
products  and  not  for  pumping.  It  therefore  follows  that  the  method  of 
pumping  should  be  that  which  secures  the  best  results,  provided  the  expenaes 
be  not  too  great. 

The  districts  having  electric  pumping  stations  are  known  fuid  recoc^nized 
as  the  best  drained  districts  in  this  locality.  The  failure  of  one  crop  would 
often  pay  for  the  building  of  three  or  four  power  stations,  and  such  failures  are 
less  likely  to  occur  with  electric  drive  than  from  any  other  type  of  prime 
mover. 

For  this  reason  electric  drive,  while  it  may  cost  less  than  steam  drive,  and  it 
generally  does,  is  worth  considerably  more  money  than  is  steam  pum[Hng. 

Explanation  of  Advantage*  of  Electric  Drive. — (1)  The  investment  necessary 
to  build  well-designed  electric  pumping  stations  complete  will  vary  f  K>m  about 
$55  to  $70  per  horse  power  of  the  nominal  capacity  of  motors  installed.  In 
general  an  electric  station  will  cost  from  55  to  65  per  cent  of  an  equally  well- 
designed  steam  pmnping  station. 

(2)  The  size  oi  the  buildings  required  to  house  the  pumping  apparatus  and 
the  auxiliary  electric  equipment  necessary  is,  roughly,  about  one-half  of  the 
size  of  a  building  required  for  a  steam  station  on  account  of  the  eliminattoD 
of  boilers. 

(3)  It  often  happens  that  the  pumping  capacity  of  a  plant  is  found  InaufR- 
cient  at  a  time  when  there  is  greatest  need  for  power.    Should  this  occur. 
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additional  power  may  be  secured  on  shorter  notice  by  electric  drive  than  by 
any  other  meana.  This  ability  Ui  enlarge  the  power  at  short  notice  gives  the 
district  added  safety  against  lallure  of  crops  due  to  unusual  flood  coaditloiia. 
(4)  An  electric  etsthm  will  have  a  far  lougca'  life  than  a  steam  station 
becuiBs  the  rate  of  depreciation  is  much  leas.  The  pumps  will  lost  longer 
driven  by  motors  than  will  the  same  pumps  driven  by  steam  engines,  becau«e 
the  torque  of  the  motor  Is  peifectly  unltonn. 

In  a  well-deatgned  induction  motor  there  are  no  other  Important  materials 
than  Iton.  copper  and  Insulation.  The  only  reason  why  a  well-designed 
motor  goes  out  of  use  Is  when  the  motor  has  been  overloaded  so  as  to  heat  the 
Insulation  to  the  Umlt  of  endurance,  beyond  which  the  fabric  of  insulating 
material  deteriorates,  and  this  fabric  is  always  treated  by  a  pr«aerying  mate- 
rial, after  which  it  is  baked  so  as  lo  form  a  soUd  substance,  and  Is  thus  pro- 
tected against  moisture,  mildew  or  decoy.  Theoretically,  ir  the  Insulation  has 
not  been  overhealed  due  to  overloading,  a  motor  will  last  iodafliJtely,  when  the 
bearings  are  renewed  from  time  to  Ume,  at  small  expense.  Practically, 
owing  to  the  fact  that  in  aplte  of  all  precautions  materials  do  deteriorate,  the 
life  of  a  motor  under  theee  conditi<His  is  at  least  20  years,  and  the  rate  of 
d^roclation  Is  generally  from  4  to  5  par  cent,  and  tbe  motor  has  considerable 
scrap  value  for  the  copper  contained  at  the  end  of  its  life. 

In  a  motor  there  are  nO  cylinders  to  be  bored,  valve  seats  to  be  refacad,  or 
the  usual  malnteiuince  that  has  to  be  put  on  engines  and  also  on  boilers  to 
Insure  their  oonljnuous  operation.  The  efSclancy  ot  motors  Is  retained  indefi- 
idtely,  while  the  ^clency  of  every  other  type  of  prime  mover  grows  less  with 
increaaiog  wear. 

One  of  the  largeet  Items  in  the  cost  of  operating  a  steam  station  is  tbe  coo- 
tliuial  maintenance  and  repairs  to  boilers,  in  fact  many  bidlers  in  this  service 
have  lasted  for  only  fire  or  six  years.  As  the  boiler  neaia  tbe  end  of  its  lite 
the  pressure  on  It  must  be  reduced  and  this  thscefore  lowers  the  power  which 
can  be  developed  by  the  engine,  and  hence  reduces  the  pumping  capacity. 
Boilers  are  apt  to  fail  at  the  time  ot  greatest  need  and  when  this  occurs  tbe 
lose  of  one  boiler  from  the  service  Is  likely  to  result  in  serious  damage  to  crops. 
Tbe  life  of  bolters  in  this  service  is  also  shortened  by  tbe  fact  that  they  are 
Idle  for  such  Irag  periods,  and  as  a  result  the  brick  work  cracks,  the  boiler 
setting  becomes  leaky,  and  the  flues  and  shell  ore  attacked  by  corrosion.  The 
electric  pumping  station  enablee  all  boilers  to  be  eliminated  and  thus  the 
weakest  element  ot  a  steam  plant  Is  not  necessary  in  an  electric  station. 
(6}  There  Is  no  objection,  as  stated  above,  to  tDstaUing  small  pumping  units 
which  may  operate  conElnuousLy  at  high  efflclencles.  as  Is  not  the  esse  lo  a 
steam  plant,  because  small  steam-drivan  units  ace  iu>t  as  etSclent  as  large 

(8)  1 1  Ib  practicable  In  ^ect  ric  stations  to  Install  protective  devices  which  will 
protect  the  motors  incase  there  is  a  tempoiary  Intemiption  of  tbe  service,  or  In 
case  the  motOTB  are  overioaded. 

A  no- voltage  release  effectually  protects  tbe  motors  against  temporary  Inter- 
niptlon  of  service,  and  on  over-load  release  or  circuit  breaker  protects  the 
motors  aeaiiut  any  load  greater  than  that  which  It  Is  safe  to  use  continuously. 
It  is  good  practice  hi  electric  stationB  to  inst^  In  tbe  pumping  stations  loud- 
sounding  olarms  which  would  operate  It  the  power  supply  were  hiterrupted 
lempoTarlly,  and  In  the  residence  of  the  attendant,  so  that  in  case  the  motors 
are  stopped  from  tfther  of  theee  cousee  then  tbe  attendant  may  restore  the 
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(7)  An  electric  pumping  station  of  almost  any  size  now  required  may  be 
operated  by  one  man,  whereas  as  many  as  seven  men  are  sometimes  required 
to  operate  steam  plants  running  24  hours  per  day.  It  is  not  necessary  for  an 
attendant  to  be  on  hand  when  the  pumps  are  operating.  In  fact,  dimng  a 
laige  part  of  the  year  electric  plants  can  be  made  entirely  automatic  by  means 
of  float  controls  when  submerged  centrifugal  pumps  are  used  with  a  foot  valye 
in  the  discharge  pipe. 

(8)  Only  a  few  minutes  are  consumed  in  getting  the  station  into  <H>eration 
after  the  attendant  has  arrived  at  the  pumping  station.  The  only  pr^>aia- 
tion  which  has  to  be  made  before  actual  piunping  is  started  is  to  exhaust 
the  air  from  the  puhips  by  means  of  a  small  motor-driven  vacuum  pump, 
which  operation  requires  from  5  to  15  minutes. 

.  (9)  The  motors  thems^ves  have  only  two  bearings  and  these  run  in  a  con- 
stant stream  of  oil  fed  by  the  oil  rings  on  the  shaft.  The  oil  in  these  bearings 
need  not  be  replenished  except  at  intervals  of  several  weeb:s,  and  the  grade  of 
oil  necessary  to  use  costs  far  less  than  cylinder  oiL 

The  only  repairs  or  renewals  necessary  to  make  in  the  motors  are  infrequent 
renewals  of  bearings  and  the  brushes  on  the  sUp  rings.  The  cost  of  supplies 
such  as  oil,  waste  and  packing  is  greatly  reduced  in  an  electric  plant. 

(10)  A  volume  could  be  written  on  the  difficulties  which  have  been  expe- 
rienced by  drainage  districts  on  having  coal  and  supplies  delivered  at  the 
pumping  station.  Many  crc^  failures  may  be  .traced  to  the  supply  of  coal 
running  out  at  a  time  when  the  river  was  closed  to  navigation  or  to  other 
causes  beyond  the  control  of  the  district.  The  necessity  of  storing  practically 
a  year's  supply  of  coal  in  the  fall  results  in  the  loss  of  interest  on  a  large 
amount  of  money,  and  the  heating  value  of  the  coal  thus  stored  seriously  falls 
ofiF  because  of  air  slacking. 

(11)  There  is  less  risk  from  fire  with  an  electric  station  than  with  any  other 
tjrpe  of  prime  mover,  as  no  fire  need  be  kept  around  the  building  except  a 
small  heating  stove  in  the  winter,  if  this  is  desired.  The  station  is  ade- 
quately protected  from  lightning  entering  on  the  transmission  lines  by  the 
installation  of  efficient  lightning  arresters. 

(12)  High-speed  pumps  may  be  used  with  electric  drive  and  higher  effici^i- 
cies  may  be  obtained  from  the  higher  speeds.  High-speed  pumpe  cost  less  to 
install  than  the  slow-speed  pumps  which  are  necessary  with  steam  ftnginee 
The  even  torgue  given  by  electric  motors  insures  a  longer  life  to  the  pun:^  and 
pump  bearings,  which  with  steam  engines  would,  with  the  constantly  changing 
direction  of  the  forces  applied,  tend  to  throw  the  wh<de  structure  out  (^  line. 

The  steam  engine  is  inherently  a  low-speed  machine,  especially  when  an 
effort  is  made  to  obtain  economy  by  use  of  four  valves  in  the  cylinder.  On 
account  of  this  low  speed  the  pump,  if  it  is  to  be  direct  connected,  must  be 
made  to  suit  the  needs  of  the  engine  and  thus  sacrffioe  the  efficiency  which  is 
attainable  when  higher  speed  pumps  are  used.  The  speed  of  the  pumps  in 
electric  stations  is  not  limited  by  any  such  consideration  and  hence  the  punqis 
may  be  designed  for  high  efficiency  without  a  compromise  on  account  of  the 
inherent  characteristics  at  the  prime  mover. 

(13)  Electric  power  companies  are  generally  willing  to  contract  for  a  supply 
of  power  over  a  long  peiiod  of  years,  thus  guaranteeing  the  districts  that  the 
cost  of  power  will  not  increase  during  that  period.  The  operating  expenses 
of  a  steam  station  are  almost  wholly  composed  of  coal,  labor  and  supiiliee, 
and  it  is  certain  that  the  cost  of  these  items  will  continually  increase  during  the 
next  few  y ws.    Electric  power  is  the  only  kind  of  power  for  which  a  deanite 
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contract  ean  be  obtained  as  to  its  cost.  This  feature  atone  makes  electric 
power  supply  a  very  safe  one  as  an  insurance  against  continually  increasing 
<^>6rating  expenses. 

(14)  It  is  impracticable  to  opiate  more  than  one  steam  pumping  plant  in  a 
district  because  of  increasing  (^>erating  expenses,  and  this  fact  has  controlled 
the  design  of  the  layout  of  the  districts  so  that  the  engineers  were  compelled 
to  bring  all  of  the  water  to  one  point. 

This  feature  of  a  steam  station  is  very  imf ortunate,  because  many  districts 
are  so  situated  that  if  more  than  cme  pumping  station  could  be  built  the  cost 
of  canals  and  dit<dies  would  be  considerably  less.  In  addition  to  this  advan- 
tage, the  long  and  elaborate  canal  system  when  all  of  the  water  is  brought  to 
one  i>oint  means  that  the  water  generally  has  to  be  lifted  through  a  greater 
height  to  the  river  than  would  be  the  case  if  two  stations  could  be  built. 

In  other  words,  electric  drive  makes  possible  a  revision  <of  the  accepted 
design  for  drainage  systems,  because  more  than  one  station  can  be  operated 
without  seriously  increasing  the  cost  of  piunping.  One  attendant  may  operate 
both  stations  in  a  satisfactory  manner.  The  added  cost  due  to  having  more 
than  one  station  is  simply  the  larger  cost  of  investment  because  of  the 
separation. 

Amourd  of  Enerov  Required. — The  amount  of  electrical  energy  required  to 
drain  the  water  fnmi  a  district  depends  on  the  lift,  the  efficiency  of  pumps  and 
the  amount  of  water  to  be  removed.  As  has  been  previously  shown,  the 
average  amount  of  water  to  be  removed  is  about  ten  inches.  The  maximum 
average  attainable  efficiency  would  probably  be  70  per  cent  for  the  pumps  and 
90  per  cent  for  the  motors,  or  63  per  cent  combined  efficiency  from  the  in-put 
to  the  motors  to  the  wo^  done  by  the  pumps.  An  example  has  been  worked 
out  along  these  lines  for  a  district  comprising  7.518.6  acres  of  watershed,  as 
fcrilows: 

Average  rainfall.  32  ins. 

Average  run-off.  31.2  per  cent  X  32  -  10.00  ins. 

Average  static  head  pumped  against.  10.8  ft. 

Add  3  feet  for  frictions. 

Total  head,  10.8  plus  3  >  13.8  ft. 

Water  to  be  pumped  per  year: 

10 

—  X  43,560  X  7.518.5  «=  273,000,000  cu.  ft. 

Work  done  in  raising  water  at  100  per  cent  efficiency: 

273.000.000  X  62.6  X  13.8       ,,^,,^  „   «  . 

-  119.000  H.  P.  hours. 

60  X  33.000 

119.000  X  .746  »  88,800  K.  W.  H.  of  electrical  energy. 

70  per  cent  X  90  per  cent  »  63  per  cent  maximum  combined  efficiency 

motor  and  pump. 

88.800 

s    141.000  K.  W.  H.  per  year,  or  18.7  K.  W.  H.  per  acre  per  year. 

.63 

Enkbot  IUbquibxd  fob  Vabioub  Combined  Efficibncibs 

K.  W.  H.  required 
Combined  efficiency  per  acre  per  year 

63  per  cent • 18.7 

60  per  cent 19.6 

55  per  cent 21.4 

50  per  cent. 23.6 
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The  Tnininnim  energy  requirements  for  average  rainfall  conditions  are  seen 
to  be  18.7  K.  W.  H.  per  acre  per  year.  U  the  average  combined  efficiency 
of  63  per  cent  could  not  be  secured  the  table  shows  that  the  energy  require- 
raonts  would  go  up  to  23.6  K.  W.  H.  per  acre  per  year  if  the  combined  efficiency 
were  as  low  as  50  per  cent.  The  combined  efficiency  of  60  per  cent  in  this 
case  would  mean  an  average  pump  efficiency  of  56  per  cent,  which  is  con- 
siderably less  than  can  be  attained  by  good  pumps  operated  with  care.  The 
actual  energy  requirements  for  average  conditions  would  probably  be  20 
K.  W.  H.  per  acre  per  year.  This  figure  would  correspond  to  a  combined 
efficiency  erf  about  59  per  cent  or  an  average  pumping  ^Biciency  oi  about  65 
per  cent,  which  can  probably  be  realized. 

Coat  of  Electric  Drive. — The  average  cost  of  building  an  electric  station  is 
from  55  to  65  per  cent  of  the  cost  of  an  equally  well-designed  steam  station. 

Conclusions, — It  is  fair  to  draw  the  following  conclusions  from  the  evidence 
presented: 

First — The  total  cost  of  steam  pumping  in  well-designed  pluits  is  $1.25  per 
acre  per  year. 

Second — If  electrical  energy  can  be  purchased  for  4  cts.  -p&r  K.  W.  H.  the 
total  cost  of  electric  pumping  does  not  exceed  the  cost  of  steam  pumping. 

Third — Electric  pumping  has  so  many  advantages  over  any  other  kind  of 
power  that  it  is  worth  more  money  to  drainage  districts  because  of  theee 
advantages. 

Reference  to  Cost  Data  on  Pumping  and  Pumping  Plants. — ^For  greater 
detail  and  more  data  on  the  cost  of  pmnping  refer  to  the  chapter  cm  Pumps 
and  Pumping  in  the  "  Handbook  of  Mechanical  and  Electrical  Cost  Data" 
by  Halbert  P.  Gillette  and  Richard  T.  Dana,  McGraw-Hill  Book  Company 
Inc.  1918. 
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Tablk  I. — Daily  Opsbatzno  Cost  of  Cozcaqo  Sbwbb  Exoavatzok  at 

MOUNDBVILLB,   W.    Va. 

Operation: 

Superintendence $  1.50 

Engineer  and  helper 4.75 

Watchman ". 1 .75 

Coal,  15  bu.  at  7  ctB 1 .05 

Water,  1  single  team 2. 50 

Plumber,  service  pipes,  average .■ 1.00 

Total $  12.55 

Sheeting:  Uprights  and  jacks;  no  rangers. 

2  men  at  $1.76 $  8.50 

Lumber,  used  repeatedly,  neglected. 

Maintenance: 

Replacing  dull  spuds  on  buckets $  0.50 

Engineer's  time  Sunday  cleaning  up,  S3.00/6 0.50 

Miscellaneous 0.50 

Total $  1.50 

Dej;>reciation: 
Jufe  of  machine  figured  at  5  years,  0  months  to  the  year,  25  days 
to  the  month $  4.00 

Daily  total $21.55 

Hourly  total $  2.15 

Tablb  II. — Quantities  and  Costs  of  Machine  Excavation  on  Sbwbr  Wobk 

Cu.  yds. 

Hours  per 

lin.  ft.         Aver.         actual  hr.  actual  Cost  per 

Run            trench         depth,         run.  run.  Cu.  yds*        yd.  on 

no.          excavated         ft.             time  time  per  day      day  basis 

1  590             6.6             10  26.4  264         $0,082 

2  565             7.5             10  28.6  286           0.075 

3  638             6.5             10  28.1  281           0.076 

4  580            8  6               9  34  2  308           Q.070 
6                   547             6.7               7.5  33.0             

5  180             6.0               2.5  29.2  321           0.067 

6  426             5.2               7  21.4              

6  100  6.0  2  15.0  180  0.119 

7  180  5.2  4  16  0  

7  272  6.9  4  31.8  191  0.113 

8  340  6.9  7.5  21.2  

8  130  4.3  2  19.0  197  0.109 

9  106  4.3  2  15.0  

9  162  6.8  3.5  21.4  105  0.204 

10  100  6.8  3  15  3  46  0.468* 

11  565  7.8  10  29.8  298  0.072 

12  200  6.4  10  8.7  87  0.248» 

13  283  6.4  5  24.6             

13  200  6.9  5  18.6  216  O.IOO 

14  100  5.5  4  9.2  37  0.582« 

15  400  5.0  10  13.5  135  0.159 

16  109  5.0  5  7.4           

16  348  5.5  5  26.0  167  0.129' 

17  450  5.5  10  16.8  168  0.128 

18  248  6.0  8.5  13.4  114  0.189 

19  447  6.3  10    .   19.1  191  0.112 

20  200  6.0  10  8.2  82  0.262* 

21  316  5.8  10  12.4  124  0.173 

22  400  7.0         '     9.5  20.0  190  0.113 

23  400  4.0  6.5  16.6  _1«8  0.200/ 

Totals 203  4,096 

.QQQ  '      -  aver,  cost  per  ou.  yd,  «  $0,121  on  10-bour  day  basis. 

— — -^ —    mi  aver,  cost  per  cu.  yd.  —  $0,107  on  actual  running  time  basis. 

4Wo 

•  Broken  chain.    *  Bad  banks.    «  Long  shift.    '  Wet.    •  Bad  banks.    /  Long  shift. 
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Deprectaiion. — ^In  this  particular  case,  no  serious  breakages  haye.  occurred 
to  date,  most  of  the  smaller  delays  being  due  to  the  breakage  of  links  in  the 
bucket  chain,  the  defective  links  being  easily  replaced.  Still  a  time  must 
come  when  the  breakages,  flgrured  not  in  dollars  and- cents  necessary  to  replace 
defective  parts,  but  in  delays  to  the  general  progress  of  the  work,  must  con- 
vince the  contractor  that  the  efficiency  of  his  machine  is  low  enough  to  allow 
of  its  being  discarded.  It  may  be  that  five  years  is  a  conservative  estimate; 
if  so,  then  the  costs  deduced  from  this  depreciation  are  on  the  safe  side — a 
good  place  for  them  to  be. 

Table  II  shows  this  excavator  during  a  run  of  23  consecutive  working  days, 
with  time  lost  in  making  shifts  from  street  to  street  and  delays  due  to  waiting 
for  the  pipe  layers  in  wet  ditoJies,  handled  an  average*178  cu.  yds.  per  day,  at 
an  average  cost  oi  12  cts.  per  cubic  yard.  The  maximum  yardage  per  day  was 
308.  It  is  well  to  note  this  figure  of  0.063  was  made  in  a  run  of  530  ft.  in  9 
hours  with  an  average  trench  depth  of  8.6  ft.  This  is  significantly  the  maxi- 
mum depth  quoted  in  this  record.  In  explanation  it  may  be  stated  that  in 
shallow  trench  work  the  upper  6  or  8  ins.  of  road  metal  or  even  solid  compact- 
ed surface,  which  in  oompariBon  to  the  rest  of  the  is  ditch  hard,  to  excavate, 
forms  a  considerable  percentage  of  the  total  material  excavated. 

Coat  of  BackfiOing  the  Trench. — The  backfill  is  divided  into  two  parts: 
first, .  the  foot  of  earth  covering,  which  is  thrown  in  and  tamped  by  hand, 
which  serves  as  a  protection  for  the  pipe  and  the  cement  Joints  during  the  24 
hours  in  which  the  ditch  is  left  apea  for  the  joints  to  set  up  before  flushing  can 
commence;  and,  second,  the  remainder  of  the  backfill  which  is  put  in  with 
team  and  scraper  and  flushed  and  settled  with  water. 

Part  1. — ^Part  1  may  be  estimated  at  16  cts.  per  cubic  yard,  although  the 
variati(m  Irom  this  average  cost  was  great  in  some  instances.  It  is  readily 
seen  that  in  estimating  the  cost  of  backfill  per  lineal  foot  on  ditches  of  various 
deptlis,  the  proportion  of  this  expensive  form  of  backfill  varies  inversely  as  the 
depth.  It  has  also  been  noted  that  in  shallow  trenches  the  cost  per  cubic 
yard  of  excavation  runs  higher  than  the  same  unit  cost  in  ditches  whose  depth 
approximates  the  maximum  reach  of  the  digging  arm. 

Part  2. — The  trench  above  the  1  ft.  covering  was  filled  with  a  Sydney 
scraper  and  team.  Water  was  run  into  the  ditches  during  this  fill,  from  the 
hydrants,  with  a  meter  on  the  line.  Two  men  followed  behind  the  scraper, 
cleaning  out  the  gutter  and  roimding  off  the  top  of  backfilled  trench. 

The  daily  cost  of  this  part  of  the  backfill  is  shown  hi  Table  III. 

Tablb  III. — Cost  Pbr  Ctjbic  Yard  op  Scrapes  Backfill 

Cost  per 


Length 
trench 
ft. 

150 
550 
800 
280 

eoo 

565 
445 


Depth 

trench 

ft. 

6.5 


4 
4 
5 
3 
5 


0 
0 
0 
0 
0 


5.0 


Totala. 
974 


Backfill, 
cu.  yds. 

65 
147 
213 

93 
120 
188 
148 

974 


Actual 
time, 
hours 

3 

7 
•  6.5 
3.5 
5 
5 
5 


Cu.  yds. 
per  hr. 

22 
21 
33 
27 
24 
38 
29 


cu.  yd. 

actual 

time 

$0,055 
.057 
.036 
.045 
.050 
.032 
.041 


Cu.  yds. 
per  day 


Cost  per 

cu.  yd. 

day  basis 


212        $0,057 


306 
(240) 
(376) 
(296) 


35 


.039 
.050 
.032 
.041 

(.044)* 


-' —  =  28  =  average  backfill  in  cubic  yards  per  hour. 
35 
•  $0,044  =  average  cost  per  cubic  yard. 

Remarks.    Depths  taken  to  top  of  pipe  covering. 
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The  operating  cost  per  day  for  the  scraper  outfit  waa  as  follows: 

Team  and  driver $4. 50 

Helper  on  scraper 1 .  75 

Helper  on  hose,  etc 1 .  75 

Cleaning  up  gutter,  2  men  at  $1.75 3. 50 

Water.  5,000  gals.,  at  10  ots.  per  M 50 

Per  day  of  ten  hours ^12.00 

Per  hour $  1 .20 


Cost  of  Deep  Sewer  Trenching  with  a  Carson  Machine. — A.  W.  Peters 
engineer  in  charge  of  sewer  construction  of  Moundsville,  W.  Va.,  gives  the 
cost  of  deep  trench  work  with  a  Carson  machine  in  Engineering  and  Con- 
tracting, April  2,  1913.  The  Carson  machine  is  not  an  excavating  machine 
but  is  used  to  convey  in  buckets  on  a  cable  material  which  is  excavated  by 
hand  tools. 

On  the  two  sections  for  which  costs  are  quoted,  the  soil  consisted  of  fine 
sand  mixed  with  loam  and  unstratified  yellow  clay.  In  the  shallow  trenches 
this  material  could  be  excavated  for  a  depth  of  8  ft.,  and  the  ditch  left  open 
for  several  days  in  ordinary  weather  without  endangering  the  banks,  although 
in  general  verticals  and  trench  braces  were  used.  When  the  contractor 
opened  up  his  deep  ditches  in  this  material  he  'decided  to  use  8-f t.  lengths  of 
sheeting,  placed  without  driving,  in  the  excavated  8-ft.  depth.  In  this  way  a 
section  of  trench  8  ft.  deep  would  be  excavated  and  the  sheeting  placed;  then 
the  next  lower  8  ft.  of  material  would  be  removed,  and  the  second  set  of 
sheeting  placed  with  its  top  butting  up  against  the  bottom  of  the  upper 
section,  the  banks  being  carried  down  approximately  plumb.  In  backfilling, 
8  ft.  of  sheeting  would  be  knocked  out  and  the  trench  filled,  the  material 
being  tamped  against  the  trench  side  wall  and  not  against  the  sheeting,  as  is 
ordinarily  necessary. 

Tabus  IV. — Quantities  on  Sections  1  and  2,  Moundsville  Sewer  Tbenchks 


d 

•Section  1 296.0 

t  Section  2 135.0 

Section  2 65.0 

Section  2 40.0 

Section  2 50.0 

Section  2 42.0 

Section  2 63.8 


Qi 

Q 

31 

14-16 

16-18 

18-20 

2a  22 

22-24 

24-26 


a 

o 

> 
03 
O 

5>» 


a 

OtJ 

?  • 

M   r 


1.529       5.2 


eo 
>, 

«8 
t3 

o 

08 

a 

9 
•*» 
o 

< 
28 


s-s 


08 


08 

o  2 

»a 

55 


I 

a 

08 

a 


I 
4 

4.6 


Section  2 137.0     26-28 

Section  2 92. 8     28-30 


Section  2 615.6 

♦  Uniform  depth  of  31.0  ft. 
t  Average  depth  of  22.1  ft. 


2.526       4.1 


31 


82 


6.8 


Of  course,  these  Moundsville  conditions  are  particularly  favorable  to  low 
sheeting  costs,  and  all  that  that  means  in  deep  trench  work,  so  that  the  resulta 
as  derived  in  Table  V  should  be  considered  in  that  light. 
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The  material  in  these  two  sections  was  usually  ptdced  before  shoveling  into 
the  buckets,  as  it  could  be  handled  more  rapidly  in  that  way.  The  general 
progress  of  the  truck  work  seemed  to  be  fairly  good.  The  buckets  were 
loaded  rapidly,  the  best  men  being  placed  at  this  work.  The  machine  was 
handled  efficiently  and  the  buckets  were  run  back  and  forth  at  a  fairly  high 
speoQ. 

Regarding  the  items  of  which  the  total  cost  is  comprised  a  few  explanations 
will  be  given: 

Bxeavation. — ^The  first  3  or  4  ft.  were  thrown  upon  the  bMik  and  not  loaded 
into  buckets.  For  the  remaining  depth  two  men  shoveled  into  each  bucket, 
usually  loosening  the  material  before  shoveling. 

Machine. — The  sub-heading  "moving"  is  made  up  principally  of  the  cost 
of  moving  the  machine  along  the  ditch,  which  reqidred  tracklaying,  anchorages 
and  hitches  ahead. 


Table  V. — Trxnch  Costs  on  Sbction  No.  1,  Uniform  Dbpth,  Moundsvillb 

Sbwsrs 

Per  cent  Coet  per  Cost  per 

Coat  total  lin.  ft.  cu.  yd. 
Item 

Coet  backet  loadins 559.80  35.2  $1.88  $0.36 

Machine  moving $       13.96  0.9  $0.05  $0.01 

Machine  engineer 80.40  5.0  0.27  0.05 

Machine  signal 52.60  3.3  0.18  0.03 

Machine  coal 18.00  1.1  0.06  0.01 

Machine  rental 300.00  18.9  1.01  0.20 

Cost,  conveying $    464.96  29.2  $1.57  $0.30 

Sheeting $     231.42  14.6  $0.78  $0.15 

Tamping 97.06  6.1  0.33  0.06 

Teams .'/ 40.50  2.6  0.14  0.03 

Pavem't  removal 15.12  1.0  0.05  0.01 

Pavem't  replacement 41 .20  2.6  0. 14  0.03 

Superintendent 138.45  8.7  0.47  0.09 

CoBt,miBC $    563.76  35.6  $1.91  $0.37 

Grandtota $1,588.51  100.0  $5.36  $1.03 

Tabids  VI. — Tbench  Costs  on  Section  No.  2,  Vabiabm:  Depth,  Moundsvillb 

(W.  Va.)  Sewers 

P^  cent  Coet  per  Cost  per 

Item                                                         Cost  total  lin.  ft.  cu.  yd. 

Com  bucket  loading $    639.89  31.7  $1.04  $0.26 

Machine  moving $       62.66  3.1  $0.10  $0.03 

Machine  engineer 100.33  5.0  0.16  0.04 

Machine  signal 58.25  2.9  0.09  0.02 

Machine  coal , 10.20  0.5  0.02           

Machine  rental 416.00  20.6  0.68  0.17 

Coet.  conveying $     647.34  32.1  $1.05  $0.26 

Sheeting $     117.06  5.8  $0.19  $0.05 

Tamping 146.12  7.2  0.24  0.06 

Teams 155.26  7.7  0.25  0.06 

Pavem't  removal 52.42  2.6  0.08  0.02 

Pavem't  replacement 85.00  4.2  0.14  0.03 

Superintendent 175.19  8.7  0.28  0.07' 

■  Hl»l        -^^ .M^a      !■>■■  •^■MMMMM^BV  I       ■      ■  <  —  ■■       ■  ■    I     1     I  ■         J 

Cost,  misc $     730.04  36.2  $1.18  $0.29 

Grand  total $2,017.27  100.0  $3.27  $0.81 
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CoaL — ^Due  to  the  nMraeas  of  tlie  bituminous  miiieB,  tliree  within  the  dlj 
limits,  coAl  could  be  bought  tor  5  cts.  a  bushel  at  the  mine  or  7  ds.  a  bueW 
delirered.    This  fact  makes  the  coal  item  very  low. 

Sheeting. — Method  of  pUoemeat  described  under  general  sofl  conditiont 
above.  Thickness  of  sheeting  2  Ins.;  stringers  4  ina.  X  6  ins.  Ttie  cort  as 
given  includes  placement,  removal  and  depreciation. 

Tampimo. — ^This  gang  conaifrtert  of  six  men.  one  shoveller  and  fivo  tamper* 
The  men  did  not  use  the  heavy  iron  tampers,  but  were  provided  with  psecas 
of  4  ins.  X  6  ins.,  about  2  ft.  long,  with  an  old  shovel  handle  set  mto  one  end. 
Better  results  were  secured  with  these  wooden  tampers  than  with  the  iron 
ones. 

ream*. — This  item  is  made  up  princ^Mlly  of  the  cost  of  removal  of  suiphis 
<iirt,  and  cost  of  evening  up  inequalities  in  trench  depth.  On  Section  2  the 
cost  of  this  Item  Is  greater  than  on  Section  1.  because  the  trench  depths 
increasing  as  the  machine  moved  ahead,  so  that  when  the  backfiD 
made  under  these  conditions,  a  surplus  resulted  wiath  necessitated  the 
expense. 

Pavemtent. — Brick  on  both  sections  laid  on  1-in.  sand  cushion  with  6  ins.  of 
gravel  foundation.  Very  little  of  the  base  was  saved,  so  that  in  the  ieplac»- 
ment  of  paving  new  gravel  was  necessary.  A  great  many  bri^  were  broken 
on  runoval  or  aft«wards  lost. 

Labor. — The  wages  on  these  ditcdies  varied  from  $1.85  to  S2.00.  about  7* 
per  cent  of  the  men  getting  $1.85per  day.  andtheremaindwS2.00. 

Co9t  Analpn*. — Referring  to  the  tables  It  will  be  seen  thai  TaMe  IT  Is  a 
general  table  of  quantities  with  unit  quantities  reduced.  Table  V  gives  the 
trench  costs  for  uniform  depth,  and  Table  VI  presents  the  eesl  en  a  dttrh  of 
variable  d^>th. 

For  a  trench  ranging  in  depth  from  14  to  30  ft.  in  Moundsviile.  the  **  Digging 
Cost.*'  equal  to  cost  of  bucket  loading  and  conveying,  was  found  to  be  52  ctiL 
per  cu.  yd.,  as  shown  by  the  sum  of  "Bucket  Loading"  and  "Conveying** 
costs  in  Table  VI. 

For  the  tmdi  with  uniform  depth  of  31  ft.,  the  "  Diggii«  Cost"  at  Mouiids 
viUe  equals  66  cts.  per  cu,  yd.    See  TaMe  V. 

Referring  to  Table  IV  we  see  that  the  yardage  per  man^day  for  the  variable 
ditch  was  6.8.  whDe  for  the  uniform  ditch  it  was  4.6. 

These  results,  without  any  further  study  of  the  tableo.  show  that  we* 
quote  a  uniform  price  f<H'  all  depths  oi  excavation,  as  is  done  by  the 
people  and  some  authors. 

A  moment's  thought  will  show  that  the  difference  between  the  lengths 
of  haul  ina  10-ft.  ditchanda36<ft.  ditchmay  varyby  asmuchasiSperoeM. 

It  wHl  also  be  notkwi  that  the  three  main  divisions  of  the  total  east  are 
approximately  equal  in  each  table,  both  m  the  case  of  the  ditch  of  imttona 
depth  as  shown  m  Table  V.  and  in  the  ditch  of  variable  depth  as  shown  fee 
Table  VI.  This  fact  would  seem  to  offer  an  approximate  method  of  esti- 
mating trench  costs,  by  using  the  "Cost  of  Bucket  Loading"  as  a  starting 
point.  It  would  seem  that  this  ratio  ought  to  hold  in  soO  conditions  diO^uent 
from  those  encountered  at  Moundsville.  because  the  three  main  divMons 
contain  items  that  are  more  or  less  dependent  upon  each  other,  so  that  a 
diange  in  one  would  cause  a  oorresponding  variation  in  the  others.  For 
example,  suppose  that  a  wet  ditch  is  being  excavated.  It  will  then  take  longer 
to  load  the  budcets  and  the  cost  will  therefore,  be  greater:  theOBnv«(png 
Costo  will  be  similarly  taKareased  because  the  Machtaie  RentaL  whkh  Is  a 
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laige  item,  will  be  greater.    It  ean  readily  be  seen  that  fiie  Miscellaneous  Costs 
win  be  increased  and  the  item  of  Pumping  will  be  added. 

In  the  two  Moundsville  ditches  quoted,  the^  cost  of  bucket  loading  varies 
with  the  depth,  and  is  almost  niunerically  equal  to  it.  The  expression 
(D  +  4)  where  (D)  is  the  depth  of  trench  in  feet,  would  give  the  cost  per  cu. 
yd.  of  Bucket  Loading  for  both  trenches. 

For  a  trench  in  "  ordinary  earth,"  such  as  the  Moundsville  trenches,  with 
either  a  uniform  or  average  depth,  D,  the  total  cost  per  oubic  yard  of  trench 
work  would  then  be  given  by  the  expression  3  (D  +  4). 

It  is  usually  the  case  that  excavation  in  hardpan  costs  i4)proximately  double 
the  excavation  of  the  ordinary  earth.  With  a  hardpan  trench,  therefore,  the 
expression  for  total  cost  per  cubic  yard  would  become  6  (D  +  4) . 

Of  course,  it  is  not  expected  that  this  expression  will  serve  as  other  than  an 
approximate  check  on  estimated  costs  of  deep  trench  work;  neither  is  it  ex- 
pected that  it  will  meet  the  demands  of  a  quicksand  ditch ;  but  for  the  ordinary 
run  of  ditches  it  is  b^ieved  that  it  will  check  up  in  fairly  good  shape  providing 
the  Bucket  Loading  cost  is  selected  with  some  care  and  judgment. 

Cost  of  Deep  Trenching  by  Machine  at  Ol«&coe,  111. — The  following  is 
taken  from  an  article  in  Engineering  and  Contracting,  April  5.  1911,  by  Don 
E.  Marsh. 

The  length  and  depth  of  the  various  sizes  of  pipe  for  the  sewerage  system 
at  Gl«icoe,  111.  are  as  follows: 

15,500  lin.  ft.  of  8-in.  pipe  from  %  to  12.  ft.  cut. 
5,600  lin.  ft.  of  10-in.  pipe  from  7  to  13  ft.  cut. 
250  lin.  ft.  at  12-in.  pipe  about  13  ft.  cut. 
1,000  lin.  ft.  of  15-in.  pipe  about  16  ft.  cut. 

4,700  lin.  ft.  18-in.  pipe  from  a  very  shallow  cut*  up  to  a  cut  of  30  ft. 

Reference  to  the  above  tabulation  will  show  that  a  good  percentage  of  the 
larger  size  pipe  was  placed  in  very  deep  cuts.  The  soil,  especially  in  the  deep 
cuts,  was  a  hard  clay.  The  top  fifteen  feet  was  a  brownish  clay  with  slight 
traces  of  sand.  Below  this  was  a  hard  blue  clay.  During  the  fall  and  winter 
months  this  soil  becomes  extremely  hard  and  difficult  to  handle,  too  hard  in 
fact  to  be  dug  by  hand  without  the  aid  of  a  pick.  In  some  respects  the  char- 
acter of  the  soil  was  an  advantage,  since  no  sheathing  was  required. 

It  was  determteed  to  utilize  the  largest  size  Municipal  Excavator.  The 
excavator  was  constructed  to  dig  a  trench  up  to  25  ft.  in  depth.  Where  the 
d^th  of  excavation  exceeded  this  amount,  as  it  was  for  a  considerable  distance 
aa  deep  as  30  ft.,  the  street  wag  graded  down  3  or  4  ft.  and  the  remaining  foot 
or  two  was  excavated  by  band  in  the  bottom  of  the  trench  and  the  dirt 
thrown  either  into  the  boom  or  back  upon  the  completed  pipe. 

The  troich  dug  by  this  machine  was  about  33  ins.  in  width,  giving  ample 
room  for  tlie  proper  laying  of  the  18  ins.  sewer  pipe  and  for  securing  proper 
joints  and  also  for  the  reception  of  junctions.  All  joints  were  calked  with 
oakum  and  then  c^noited,  to  exdude  seepage. as  far  as  possiMe,  making  a 
wide  "^nffiudi  quite  necessary,  ^tt  Toosk  in  whist  to  operatOv 

TtMb  eideB  of  the  trmch  were  smooth  and  vertical.  Vertical  plank  and  pack 
screws  wece  tsed  for  luracing.  These  w^e  placed  about  3  ft.  apart  in  the 
deep  trraiches  and  farther  apart  in^^hallow  cuts. 

Coat. — A  leeord  of  a  few  average  days,  which  does  not  take  into  considera- 
tkxi  the  long  or  short  delays  caused  by  breaJp^owns„storm«  or  otherwise*  the 
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cost  of  labor  alone  for  excavating  at  a  depth  of  about  25  ft.,  laying  18-in.  pipe 

and  back  filling  appears  about  as  follows: 

Per  day 

1  foreman $    8.00 

Excavating  machine,  including  operator 40.00 

1  engineer 4.00 

1  fireman 3.00 

5  trenchmen  at  $3.00 16.00 

20  laborers,  baclcfilling,  at  $2.50 50.00 

2  teams  at  $6.00 12.00 

Coal 5.00 

Repairs  and  sundry  expenses 10.00 

Total $147.00 

One  hundred  and  forty-seven  dollars  for  80  ft.  or  approximately  $1.85  per 
lin.  ft.  While  working  in  the  deep  cuts  progress  of  60  to  100  ft.  per  day  was 
made. 

It  will  be  noticed  that  a  large  amount  of  the  cost  is  for  backfilling.  This 
item  can  be  reduced  where  it  is  possible  to  use  teams  with  slips.  If  the  back- 
filling can  follow  close  behind  the  excavating  while  the  dirt  is  still  fresh,  ooe 
team  with  driver  and  one  scrai>er  holder  will  backfill  about  as  much  as  ten 
laborers  with  shovels. 

Comparative  Cost  of  Hand  and  Machine  Trench  Excavation  and  Some 
Miscellaneous  Sewer  Costs. — The  following  is  taken  from  Engineering  and 
Contracting.  July  9,  1919. 

Machine  trenching  in  the  construction  of  the  Stanley  St.  sewer  at  San  Fran- 
cisco cost  about  one-fifth  as  much  as  by  hand  trenching. 

During  construction,  where  the  contour  of  the  ground  permitted,  a  ditching 
machine  was  used,  which  not  only  produced  cheaply  a  uniform  trench  in  which 
to  lay  the  heavy  cast-iron  pipe  but  speeded  the  completion  and  earUer  use 
of  the  entire  system. 

The  following  costs  to  the  contractor  of  some  of  the  items — office  overhead 
and  the  necessary  insurance  and  bond  not  included  are  taken  from  the  report 
of  M.  M.  O'Shaughnessy,  City  Engineer,  for  the  fiscal  year  ending  June  30. 
1918: 

15^n.  iron  stone-pipe,  per  foot $     1 .  65 

21-in.  iron-stone  pipe,  per  foot 1 .  79 

2X3  reinforced  concrete  sewer,  per  foot 3 .  31 

2  ft.  6  in.  X  3  ft.  9  in.  reinforced  concrete  sewer,  per  foot.. . .  3.51 

Brick  manholes,  each 40. 50 

Overflow  structure 465  65 

Trench  excavation  for  the  cast-iron  pipe  was  in  stiff  sandy  day.  The  cost 
of  that  portion  of  the  work  done  by  hand  was  $0.91  per  cu.  yd.;  the  cost  by 
machine  was  $0.18  per  cu.  yd.,  including  a  fixed  diarge  of  $32  per  day  for  the 
use  of  the  machine. 

The  18-in.  cast-iron  pipe  cost  $0,228  per  foot  to  lay,  yam,  pour  and  calk 
the  joints. 

The  prevailing  rate  of  labor  during  construction  wm  $3.00  per  day. 

Average  Daily  Progress  in  Excavating  ST»tOO  Ft.  of  Sewer  TrenckoB  with 
Trenching  Machines. — Engineering  and  Contracting,  Feb.  10,  1915,  imUlabes 
the  following  data  given  by  J.  E.  Schwaab  in  a  paper  before  the  80ih  annual 
meeting  of  the  Illinois  Society  of  Engineers  and  Surveyors. 

In  the  construction  of  the  sewer  system  of  Alton,  111.  there  were  used  one 
small  00  Austin  gasoline  ditching  machine  which  ezoavsted  a  ditth  34  Ins. 
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wlds.    The  followiilg  out-put  datft  irere  rumbhed  bj  O,  M.  Jotansoi.  of  the 
LUlit  Construction  Co.,  sub-contTtctoii.  and  owner  of  this  machlns: 

Total  UDOuDt  of  work  done.  liD.  ft 10.800 

No,  ol  worldoa  lUys 80 

AvBTHBB  out  por  d*¥,  Un.  ft 220 

Muimum  cut  per  day,  lin.  It 800 

AverHgo  cost  per  day  tor  operation MO 

Depth  of  Irsncli  averaged  1 1  ft.,  with  n  moiimiim  Of  22  tt.  and  a  mlnlmuin 

ras  also  used  a  Pafaan'a  slaam  ditching  """htna  with  backfiller, 
ivated  a  ditch  28  ins,  wide.  The  following  figures  as  to  the  woik 
lis  machlns  were  computed  bylhewritsaadareffiilfapproi&iiale: 
al  amoiiat  of  vork  done.  lin.  ft -,.-...        18,000 


of4(t. 


emnK. . 


exoavated.  It... 

B  Clay  and  sandy  clay.    The  work 


IIH 


The  material  e 
duilDg  the  aummer  of  ISIl. 
IVf^eaa  and  DiitribnUoD  ol  Time  ol  Force  on  Sewer  Trenching  by  Machine. 

W.  G.  KlTchoITeT  givee  the  following  Information  In  Engineering  and  Con- 
tracting, April  10,  1612. '  Id  excavating  lor  G,2T0  ft.  (rf  8-ln.  Sewer  at  West 
SaJem,  Wis.,ina3andygTaveliycla;,  the  contractor  used  a  PaTaon's  trenching 
machine. 

The  trench  aferaged  about  8  ft.  deep.  The  total  number  of  days'  work  put 
(□  on  the  Job  was  326^,  oi  an  avMage  erf  01.8  d^H  per  1,000  ft.  of  sewer. 
The  trenching  machine  was  operated  20  days  out  of  the  total  36  put  In  upon 
the  work,  or  an  average  of  2fl3H  ft.  per  day.  The  least  distance  made  In  a 
day  was  20  ft.  and  the  muTiTniini  distance  was  560  ft.  of  completed  sewer. 
There  were  five  days  In  which  the  rate  exceeded  400  ft.  of  sewer  per  day. 

The  labor  put  In  upon  the  work  was  divided  aa  follows  In  days  per  1.000 
ft.  of  sewer: 

Cnntractor 1,092 


™Sii., 


mper. . 


m  employed  in  any  one  day  was  10  and  the  small- 


M  number  was  two. 

Cost  of  Bxeavating  for  Large  Trunk  Sewer  with  Lacomati*e  Cranes  and 
Lntomatic  Boekata. — Engiiieeting  and  Contracting,  June  26,  IBIO,  gives  the 
iDowlilK  data  rdatlve  to  the  excavation  of  a  section  of  the  Louisville,  Ky. 
Bwera^e  aystem. 

The  cmitract  noder  CMulderation  was  for  2,723  (t.  of  sewer  through  unim- 
mved  laiMl.     The  sewer  ^  o(  concrete,  12  ft.  x  fi  ft.  for  l,12Sft.  in  length. 
M  of  three  cml«red  ardi  section.    For  the  balance  of  tb«  Ungtb  it  la  hors»- 
toe  ahaped,  and  about  9  It.  3  tna.  x  9  It.  In  sectlou. 
*3 
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The  average  depth  of  excayation  was  22.4  ft.  and  the 'average  number  of 
cubic  yards  of  excavation  per  lineal  foot  of  trench  was  12>^.  The  material 
excavated  consisted  of  6  ft.  of  blue  and  yellow  clay  below  which  was  6  to 
12  ft.  of  yellow  day  and  loam  and  the  balance,  fine  and  coarse  sand. 

In  opening  the  trench  horse  scrapers  were  used,  and  enough  of  the  trench 
was  excavated  in  this  way  and  used  for  filling  in  low  land  nearby,  to  take  up 
the  amount  which  would  necessarily  have  to  be  spoiled.  An  average  of  haU 
a  dozen  teams  were  used  on  this  work  with  one  team  acting  as  a  snap  team. 
The  longest  haul  was  about  100  yards. 

The  main  excavating  plant  for  this  contract  consisted  of  three  ten-ton 
Browning  locomotive  cranes,  two  of  which  were  equipped  with  automatic 
buckets,  one  orange-peel  of  1  cu.  yd.  capacity  and  one  clamsheii  of  H  cu.  yd. 
capacity.  The  cranes,  ran  on  standard  gage  track,  of  60  and  65-lb.  rails,  laid 
along  the  trench  for  600  ft. 

Progress  and  Coats. — The  working  day  is  10  hours.  Crane  No.  1  operates 
a  H-cu*  yd.  Owens  clamshell  bucket  and  averages  400  buckets  in  10  hours 
or  200  cu.  yds.  This  bucket  handles  a  fuU  half  yard  at  each  oi>erati<m.  Tbe 
labor  cost  on  this  machine  is  as  follows: 

1  engineer  at $  3. 50 

1  fireman 2. 00 

1  tagman ., 1.75 

1  signalman 1.75 

Cost  of  labor  for  200  cu.  yds.  (clay) $9. 00 

Cost  of  labor  per  cu.  yd.,  10.045. 

The  second  crane  handles  sand  in  a  M-cu.  yd.  dump  bucket  filled  by  hand. 
It  handles  300  buckets  or  225  cu.  yds.  a  day.  \  The  labor  cost  on  this  is  as 
follows: 

1  engineer $  3. 50 

1  fireman 2.00 

1  foreman 2. 00 

8  men  in  bottom  at  $1.75 14.00 

Cost  of  labor  for  225  yds $21.50 

This  gives  a  cost  of  labor  for  1  cu.  yd.  of  $0,095. 

The  third  or  backfill  crane  operates  a  1-cu.  yd.  orange-peel  bucket  and 
handles  500  cu.  yds.  of  material  in  10  hours.  The  cost  of  labor  backfilling 
is  as  follows: 

1  engineer $3. 50 

1  fireman 2 .  00 

1  signalman 1.75 

Labor  cost  backfilling,  600 >u.  yds. '. $7 . 25 

Labor  cost  per  cu.  yd.  of  backfilling,  $0.0145. 

This  crane  when  not  backfilling,  pulls  timbers  and  sheeting.  The  average 
amount  of  coal  used  by  one  crime  in  a  day  is  1,200  lbs.  -  Run-o^-mine  coal  is 
used  at  $4  per  ton.  About  160  gals,  of  water  are  tned  i>eir  crane  per  day. 
The  cranes  each  cost  $5,000  new  and  their  annual  interest  luad  depredation  la 
figured  by  the  contractor  at  30  per  cent. 
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Cost  of  Bxcavatiiig  Trench  im  Oranite. — The  following  data,  published  in 
Engineering  and  Contracting,  April  20,  1910,  was  arranged  from  a  paper  by 
E.  A.  James  in  Applied  Science  for  March,  1910. 

The  excavation  was  for  an  18-in.  sewer  built  at  Muskaka,  Ont.  This  sewer 
had  a  total  length  of  some  1,300  ft.,  but  only  the  550  ft.  in  rock  trench  is 
referred  to  here.  The  rock  was  Laurentian  granite  and  the  trench  was  9  ft. 
deep.  The  excavation  was  by  drilling  and  blasting,  the  rock  being  hoisted 
by  horse  derricks  and  skips  and  deposited  in  horse  drawn  cars  operating  on 
track.  The  haul  was  some  1,500  ft.  for  about  two-thirds  of  the  spoil  and  less 
than  300  ft.  for  the  remainder.  The  total  amount  of  rock  excavation  was 
1,850  cu.  yds.,  and  the  itemized  cost  of  excavation  was  as  follows: 


Total 
Superintending : 

Walking  boss,  at  60c  per  hour $     222 .  45 

derk  and  timekeeper,-  at  37Mc  per  hour 158. 60 

Foreman,  at  45c  per  hour 608 .  15 

Total  for  superintending $     989. 20 

Labor — Mucking,  loading,  hauling  and  dumping: 

Laborers,  at  20c  per  hour $2 ,  877 .  00 

Teamsters,  at  21c  per  hoiu: 499 .  70 

Teams,  at  40c  per  hour 1 ,010. 60 

Cars,  at  5c  per  hour 117 .  00 

Carts,  at  5c  per  hoiw 65. 50 

Derricks  and  power,  at  15o  per  hour 175. 50 

Handy  men,  at  27Hc  per  hour 125. 15 


Per 
cu.  yd. 

90.12 
0.085 
0.328 


$1 . 555 
.270 
.545 
.063 
.035 
.095 
.067 

Total  labor ..^ S4.870.45     $2,630 

Drilling  rock: 

Foot  drilling,  at  30c  per  ft. $1 ,245.00  fO.  673 

Sharpening  drills,  at  27Hc  per  hour 250. 80  .  135 

Nippers,  at  17>^c  per  hour 382.20  .206 

Coal,  at  $10  per  ton 29.00  .157 

Total $1,907.00     $1,171 

Explosives: 

£lectric  fuses $       95.95  

Cape  and  fuses 23. 20  

Batteries,  rent 38 .  00  

60%  dynamite,  at  $10  per  box 1,020.00  


Total $1,117.15 

Grand  total 


$0,636 
4.97 


To  the  above  total  must  be  added  $930.  for  depreciation  of  plant  or  50  cts. 
p^  cti.  yd.,  making  a  total  cost  per  cubic  yard  of  $5.47.  In  studying  this  cost 
it  must  be  noted  that  the  trench  was  narrow,  and  small  shots  had  to  be  used, 
mifi""g  the  amount  of  drilling  large;  1  ft.  of  hole  was  drilled  per  4.5  cu.  yds. 
exc&vfi^ted. 

Cost  of  Hand  Drilling  Bastard  Granite  in  Trench  Work. — Edward  B. 
Roberta  gives  the  following  data  in  Engineering  and  Contracting,  June  15, 

1910. 

Tbe  -trench  was  2}4  ft.  wide  and  5K  ft.  deep  and  the  rock,  a  bastard  granite, 
woB  found  in  the  bottom  of  an  average  depth  of  2H  ft.  The  drilling  was  done 
by  hand  using  l^^-in.  drills,  1  man  holding  and  2  men  striking  with  8-lb. 
hammers.    A  total  of  96  ft.  of  hole  vras  drilled  or  3.2  ft.  per  cu.  yd.  of  work. 
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The  time  required  was  3.1  hours  per  lin.  ft.  of  h(de.    The  time  work  of  ezcft- 
vating  35  cu.  yds.  was: 

Per 
Item  ou.  yd. 

347  hra.  drilUng 9.92 

120  hra.  mucking 3.43 

Total 13.35 

The  materials  used  were  as  foUows: 

Per 
Item  CQ.  yd. 

53  lbs.  60  %  dynamite,  lbs 1.5 

Explosives 2. 

A  batch  of  120  drills  were  sharpened  or  4  per  cu.  yd.,  or  1  per  0.75  ft.  of  hole 
drilled.  The  amount  of  explosive  used  per  foot  of  hole  was  H  lb.  Labor 
estimating  does  not  include  backfills. 

Progress  of  Sheeting  a  Sewer  Trench  with  Lig^t  Steel  Sheet  Piling. — 
Engineering  and  Contracting,  Nov.  15,  1918,  gives  the  following. 

The  work  was  the  laying  of  a  terra  cotta  sewer  pipe  in  the  City  of  Water- 
town,  N.  Y.  The  course  of  the  sewer  was  in  a  sandy  soil  which  obtained  quite 
uniformly  throughout  its  length  to  a  depth  of  about  ten  feet,  underneath  which 
was  a  wet  sand  mixed  with  gravel.  The  average  depth  of  the  sewer  pipe  below 
the  surface  was  15  ft.  The  nature  of  the  soil  necessitated  the  use  of  sheeting 
to  prevent  caving  in  of  earth  and  thus  permit  of  a  narrow  excavation  with  the 
minimum  of  material  to  be  removed.  Accordingly,  400  sheets  of  K-in. 
Wemlinger  corrugated  steel  sheet  piling  in  10-ft.  lengths  were  obtained  and 
for  driving  them  a  steam-driven  pile  hammer,  weighing  approximately  650 
pounds,  was  used.  The  trench  was  first  excavated  for  its  width  to  a  depth  of 
about  5  ft.,  which  was  left  unsheeted.  The  sheet-piling  was  then  carried  by 
hand  and  set  in  position  on  each  side  of  the  trench  uid  driven  its  entire  length 
before  any  further  excavating  was  done. 

An  A-frame  built  of  timber  straddled  the  excavation,  and  from  it  was 
suspended  a  2-ton  triplex  differential  chain  block.  It  was  intended  to  use  the 
chain  block  for  raising  and  lowering  the  pile  hammer  during  the  driving  and, 
subsequently,  to  withdraw  the  sheet-piling.  Throughout  the  entire  operation 
the  work  of  placing  the  sheeting,  driving  it  with  the  pile  hammer  acnd  pulling 
and  resetting,  was  done  by  3  men  for  each  separate  operation.  As  before 
stated  the  sheeting  was  all  handled  by  manual  labor,  and  it  required  1  hr.  and 
30  min.  to  set  up  32  sheets  in  position  for  driving,  including  the  time  required 
to  carry  these  sheets  an  average  distance  of  about  175  ft.  The  time  required 
to  drive  each  sheet  5  ft.  into  sand  was  from  33  to  37  seconds.  The  driving 
was  done  so  fast  that  the  triplex  block  could  not  be  worked  quiddy  enough  to 
follow  the  pile  hammer,  and  so  it  was  steadied  by  hand.  No  difficulty  waa 
experienced  in  doing  the  work  in  this  way  and  the  chain  blods  was  needed  only 
to  hoist  the  hammer  from  one  pile  to  another.  That  this  method  of  hsmrfHyiy 
the  hammer  proved  to  be  a  success  is  largefly  due  to  the  fact  that  it  stood  only 
about  4  ft.  high  on  top  of  the  sheet-piling.  Including  the  time  required  for 
moving  both  the  hammer  and  A-frame,  an  average  of  7  ft.  of  trench  was 
sheeted  on  both  sides  per  hour. 

Average  Costs  of  Sewers,  Washington,  D.  C.  19M  to  ItlT. — ^Tables  VII 
and  VIII,  are  given  in  Engineering  and  Contracting,  April  11,  1917,  from  tbs 
report  of  A.  E.  Phillips  for  the  year  ended  June  30,  1916^ 
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Cost  of  Sewer  Construction,  Webb  City,  Mo. — E.  W.  Robinson  gives  tbe 
following  data  In  Engineering  and  Contracting,  Aug.  14,  1912. 

The  nature  of  the  excavation  encountered  in  this  locality  is  too  rocky  to 
permit  the  use  of  a  trenching  machine.  This  necessitates  that  the  work  all 
'  be  done  by  hand  except  the  top  two  or  three  feet  which  can  be  loosened  with 
a  plow  or  rooter.  While  there  have  been  a  few  instances  of  finding  treacher- 
ous ground  in  the  nature  of  joint  clay,  generally  it  is  very  stable  and  requires 
very  little  or  no  timbering  for  depths  not  exceeding  10  ft.,  except  during  wet 
weather.  A  fair  sample  of  the  log  for  the  excavation  for  a  trench  10  ft.  deep 
would  be,  0  to  1  ft.  black  dirt  with  few  small  boulders;  1  ft.  to  3  It.  boulders 
varying  from  the  size  of  a  man's  fist  to  the  size  of  a  water  bucket  cemented 
together  with  a  sort  of  dried  clay;  3  ft.  to  5  ft.  large  flint  boulders  and  ledges 
with  seams  of  clay  between;  5  ft.  to  7  ft.  red  or  yellow  day  with  occasional 
boulders;  7  ft.  to  10  ft.  alternate  clay  and  boulders  and  ledges,  with  occasional 
out-cropping  of  lime  rock.  As  everything  except  lime  rock  in  masses  of  9  cu. 
ft.  or  over  is  classed  as  earth,  one  need  not  be  surprised  at  the  cost  of  exca- 
vating in  this  city  compared  with  that  of  other  localities. 

Construction  Costa  of  8"  Sewer. — The  following  data  give  the  actual  cost  of 
constructing  one  district  sewer,  and  is  a  fair  average  for  like  sewers  in  this 
city.  Total  length  of  sewer,  2,135  ft.;  1,430  cu.  yds.  of  excavation;  2  flush- 
tanks,  3  manholes.    The  items  follow  for  the  sewer  proper: 

Unit  cost 
Item  eta.  per  ft. 

Labor: 

Foreman,  310  hrs.  at  35  cts %  k  no. 

Pipe  layer,  82  hra.  at  25  cts \  ?xS 

Helper,  106  hrs.  at  20  cts J  ^  ^^ 

Team  hauling,  17  hrs.  at  35  cts 0  28 

Excavation,  153.5  hrs.  at  25  cts.,  3,909  hrs.  at  20  cts.  ($0.5736 

per  cu.  yd) 38.41 

Backfilling,  567.5  hrs.  at  20  cts.  ($0.0792  per  cu.  yd.) 5.31 

Cleaning  up,  teams,  177.9  hrs.  at  35  cts 2 .  92 

Flushing  and  tamping,  men,  hose  rent,  dray  age,  etc 1. 61 

Per  lineal  foot 56. 66 

Item 

Materials:  Coat 

1.845  ft.  straight  8-in.  clay  pipe  at  13.05  ota $240. 77 

156  ft.  6-in  on  8-in.  Y  branches  at  71  cts 110.76 

Cement  for  joints,  30H  sacks  at  40  cts 12 .  20 

Jute  for  joints,  88  lbs.  at  14  cts 12. 32 

Picks  sharpened,  352  at  10  cts 35. 20 

Caps  for  Ys,  166  at  3ct8 4.68 

Drills  sharpened,  3  at  20  cts .60 

Fuse,  caps  and  dynamite 1 .  20 

Total  materials  on  sewer  pipe $417. 73  19 . 67 

Total  labor  and  materials  on  sewer  proper 75. 3 

Coat  of  AfanAo2e«.— The  walls  of  the  manhi^es  are  8  ins.  thick  and  are  mado 
of  brick.  The  bottom  is  concrete.  The  manholes  are  circular  in  section  with 
an  inside  diameter  of  4  ft.  The  walls  are  carried  up  verticaiiy  and  are  drawn 
in  in  the  upper  2  ft.  6  ins,  to  a  clear  opening  of  281ns.  in  diameter  to  admit  tbe 
cast  iron  frame  and  cover.    The  inside  of  manhole  is  finished  with  three  coats 
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of  Portland  cement  grout,  and  the  outaide  of  the  wall  la  plastered  wltb  a  H-iO- 
<9Ml  ttf  mortar,  mixed  1  pact  Portland  cement  to  2  iHUt»  sand.  Wrought 
Iron  manbole  steps  are  spatad  15  Iqs.  ap*rt  vertlcallr.  The  Itemlwd  average 
coat  of  labor  and  material  are  here  ^ven.  llie  average  la  baaed  on  tbree 
Dtaiiliales  of  an  average  deptb  of  BH  't.    The  cost  data  follow: 

Item 


BriolSSy" 


it20irt> t  i 


iginridfl. 


Tete,  3  escka  St  40  ol 


TMal  material 
■tsl  labor  and  nsteri^ 


Coit  a/  Fluilt-lank!.—Ft\lah-U,nk  walls  are  8  liu,  thick  and  a: 
of  brick.  The  iMttom  Is  concrete  and  the  siphon  aUo  Is  set  In  concrete.  The 
top  of  the  walla  are  drawn  In  as  In  the  manholes  previously  described.  The 
Inside  surface  o(  the  wall  Is  finished  with  three  coats  of  neat  Portland  cement 
mortar,  and  the  outside  surface  with  a  ii-ta.  Coat  of  1 :2  mortar.  The  inside 
diameter  of  the  Sush-tank  is  4H  ft.  A  6-1n,  day  pipe  overflow  la  provided. 
The  overOow  discharges  Into  the  vertical  stack  of  the  S-ln.  cla;  pipe  lamp 
hole  placed  adjacent  to  the  flush-tank.  The  lamp  hole  stack  at  the  base 
jolna  the  outlet  pipe  forming  the  siphon  discharge.  The  flush-tank  has 
wrought  Iron  steps  at  the  tjpt  and  spacing  described  tor  manholes.  The 
following  cost  data  on  Bush  tanks  give  the  average  coet  of  two  tanks  of  an 
average  depth  of  B  ft.: 

Item 
Labor:  Cost 

Eioavatioii,  16  brs.  at  20  ots i   t  3.80 

Team  haulmg.  i  hrs.  at  SGsta 1.40 

MiiiDa  concrete  for  base,  2  hn.  at  20  ctg 40 

Bricklayer.  9.6  hra.  at  40  cU 3.80 

Helper,  10  bre.  at  20  cU 2,00 

Dicdng  ditrfi  (or  water  conDeotion.  «4  hr«.  at  30  ets 12.80 

Tapping  water  main > 3  00 
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Item 
Material:  .  Cost 

Brick,  1,232  at  %8  per  1,000 $  9.86 

Cement  for  concrete,  3H  sacks  at  40  cts 1 .40 

Gravel  for  concrete,  0.6  cu.  yds.  at  50  cts .30 

Cement  for  mortar,  12  sacks  at  40  cts 4 .  80 

Sand  for  mortar,  24  cu.  ft.  at  8  cts 1 .  92 

Water,  2  bbls.  at  lO  cts 20 

Cast  iron  cap  and  cover 9 .  50 

Wrought  iron  steps,  4  at  40  cts 1 .  60 

Siphon,  6-in.  Miller  standard 23. 50 

Corporation  cock  and  lead  connection 5 .  08 

Regulator,  IXL 4.00 

6-in.  clay  pipe  and  specials  for  lamp  hole 2 .  08 

Cast  iron  lamp  hole  cover 4. 25 

306  ft.  ^-in.  galvanized  water  pipe  at  6.37  cts.  . .  : 19.49 

Curb  box  and  cock 2. 50 

Total  materials  on  flush  tanks,  average $90 .  48 

Total  cost  of  sewer,  including  manholes  and  flush  tanks $  1 ,  947 .  02 

Per  lineal  foot : 91 .  19  cts. 

It  will  be  noticed  that  the  above  cost  of  the  flush-tanks  is  rather  high.  This 
was  partially  due  to  the  fact  that  it  was  necessary  to  go  so  far  to  make  con- 
nection with  the  water  main  for  both  tanks. 

On  the  construction  of  four  small  (10-in.  pipe)  public  sewers,  aggr^ating 
8,551  ft.  in  length  and  4,540  cu.  yds.  of  excavation,  two  years  previous  to  the 
construction  of  the  sewer  of  which  data  are  given  above,  the  total  cost  ccmiplete 
of  sewer  proi)er  was  59.8  cts.  per  lineal  foot.  For  the  construction  of  28 
manholes  averaging  8.5  ft.  in  depth  the  average  cost  was  $4.01  i>er  vertical 
foot.  However  at  that  time  common  labor  was  getting  $1.50  and  $1.75  per 
day  of  ten  hours  instead  of  $2.00  as  in  the  later  case.  An  average  of  three 
sewers  constructed  about  the  same  time  and  under  the  same  labor  conditions 
as  given  in  the  foregoing  data  gave  the  following  unit  costs:  Total  labor  and 
materials  on  sewer  proper,  76.92  cts.  per  lin.  ft.;  total  labor  and  materials 
on  manholes,  avg.  depth  0  ft.,  $4.14  per  vertical  foot;  labor  and  materials  on 
flush-tanks,  avg.  depth  7.5  ft.,  each,  $100.58;  grand  total,  sewer  complete, 
including  manholes  and  flush-tanks,  was  95.45  cts.  per  lineal  foot. 

Cost  of  Sewer  at  Davenport,  la. — W.  S.  Anderson,  in  Engineering  and  Con- 
tracting, Sept.  3,  1913,  gives  the  following: 

The  sewer  construction  here  described  was  executed  by  contract  under  the 
Davenport  specifications.    All  work  was  done  by  hand. 

The  method  used  on  most  of  the  work  here  described  was  the  "  step  up" 
system  of  excavation.  Particular  attention  was  paid,  on  this  work,  to  keep- 
ing the  pipe  close  up  to  the  point  of  excavation,  and  in  keeping  a  man  on  the 
same  step,  hence  the  method  is  referred  to  as  the  step  up  method.  By  the 
use  of  this  method  the  probability  of  caving  was  lessened  considerably;  the 
foreman  was  better  able  to  judge  the  output  of  each  man;  each  man  ap- 
parently did  a  like  share  of  work;  the  pii)e  was  always  up  to  the  point  oi 
excavation,  which  was  a  helpful  factor  after  a  cave  in;  the  pipelayer  had 
more  confidence  in  his  safety  and  was  therefore  able  to  do  more  work. 
Each  man  removed  only  a  definite  portion,  one  spade  in  depth.  The  exca- 
vated material  was  thrown  back  far  enough  to  allow  walking  space  between 
the  trench  and  the  material  bank. 

The  first  three  feet  were  excavated  considerably  in  advance  ol  the  steps, 
which  allowed  a  greater  number  of  men  to  be  used.  One  man  lowered 
the  pipes,  provided  the  jute  and  the  1:1  mortar  for  the  joints.     The  pipe 
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layer  tn  oddfUon  to  laying  Mid  jointing  the  pipes  carried  a  cut  avtngiag 
from  IE  to  22  Ina.  In  depth,  tbe  material  from  wblcb  wis  thmwD  directly  onto 
the  laid  pipe,  where  it  was  flrmly  tamped  to  prevent  any  lateral  displacement 
at  the  Iripe,  A  sand  bag  was  used  to  remoTe  all  projecting  material  at  joints 
and  other  loose  material. 

No  staging  or  platlormB  were  used  tor  a  depth  less  than  B  U.  When 
used  they  consisted  of  planks  8  It.  long  supported  at  the  light  elevatloo  by 
traich  brwH.  The  pipe  was  laid  on  an  up-elade  as  usual  so  as  to  inalie  use 
f)f  the  laid  pipes  lor  dninage.  The  trenches  were  water  lamped  in  nearly 
every  Instance. 

ConiTott  I,  ten.  SteHnn  I. — Work  was  stactod  at  Section  1,  This  section 
lies  entliely  tn  pasture  land.  Tbe  length  oT  the  is-bi.  pipe  line  laid  was  330 
rt.  The  average  depth  of  trench  was  B.fi  ft.  Tbe  inaTiTniim  depth  was  a  ft. 
0  Ins.  The  minimum  depth  was  4  ft.  The  average  width  of  trench  was  30 
Ins.  Tbe  total  yards  excavated  <u>d  bacii  Slled  were  190,  The  pipe  layer 
ercsvated  a  trendi  16  Ins,  X  23  Ina.  and  averaged  18  ft.  of  laid  pipe  per  hour. 
No  care-Ins  rteulted.  A  Doan  scraper  was  used  loi  back  fUllng.  The  soil 
waa  all  yellow  day  except  the  upper  foot  which  waa  blacli  loam  and  sod. 

The  weather  was  warm  and  dry.  Wages  per  hour  on  job  A  were  40  eta.  for 
foreman.  20  els.  for  laborers.  2S  ds.  tor  pipe  layers  and  tlmbermen,  and  50 
cts.  (or  teams.  The  following  items  da  not  Include  foremansblp,  water  boy, 
or  incidental  expenses  which  amounted  to  3  cts.  per  ft.  of  pipe  on  all  sections 
of  this  contract. 

With  these  exceptions  the  costs  for  Section  1  follow: 

Cost  per     Cast  per 
Item  lin.  ft.,  cts.  cu.  yd.,  cts 

20  CO.  3tlB.  eioavation  by  pipe  layer 0.8  7.6 

lafeify^eicBvation.'.".'.'.! !![!!!!!!!!!!!!!!! !!!!!!     tois         zili 

161  cu.  yds.  bsckiill 6.1  10.5 

Totals 18.8  48.5 

Section  2. — On  Section  2  a  327  ft.  stretch  of  12-ln.  pipe  was  laid.  This 
BBctloo  also  lies  entirely  In  pasture  land.  This  section  also  lies  entirely  in 
pasture  land.  The  average  cut  on  this  section  was  0.3  ft.;  maximum 
IS  ft.i  minimum  SH  ft.  The  weather  was  very  net.  The  average  width 
of  trench  was  26  1ns.  for  180  ft.  and  30  Ins,  for  UT  ft.  (This  extra 
nldth  was  necessary  only  where  the  depth  exceeded  12  (t.)  The  pipe 
l&yer  excavated  a  trench  16  ins.  X  18  In.  for  ISU  ft.  and  a  trench  23  Ins. 
X  IK  Ins.  for  147  ft.,  averaging  15  feet,  of  laid  pipe  per  hour  through  the 
BboUow  cut  and  10  ft,  through  the  deep  cut.  There  were  no  cave-ios  to  npcak 
of.  For  the  deep  cut  one  platform  was  required.  The  cu,  yds.  of  material 
excavated  and  back  ailed  were  210. 
The  coats  on  this  section  follow ; 


Item 


,  yds.  e 


Cost  p. 
ft.,  ctt 


CoBt  pel 
cu,  yd.,  rt 


Ifll  cu.  yds.  e: 

Layioc  pipe. ,  -  .  3,1  . , . 

191  ctJ-  yoB.  backfill 8,7  11.5 

Totait 32.1  81, B 

Saeiion  3,— Section  3  conalated  of  390  ft.  of' 12  hi.  pipe.     The  cut  on  this 
gectlon  varied  from  10  feel  to  24  ft.     Turmelllng  was  resorted  to  through  the 
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deep  sections.  Tbe  longest  tunnel  was  64  ft.  while  several  tunnels  15  ft.  in 
length  were  put  through.  The  total  distance  tunnelled  was  95  ft.,  while  tbe 
open  cut  distance  was  295  ft.  The  average  width  of  trench  was  36  ins.  The 
material  was  firm  day  which  stood  up  remarkably  well  when  tunnelled. 
Near  the  bottom  a  material,  which  tended  toward  bog  iron,  was  encountered. 
The  weather  was  very  tayonble. 

Bach  tunnel  was  worked  from  both  ends  simultaneously,  the  excavated 
material  being  rdayed  back  into  each  shaft.  In  one  of  the  shafts  part  of  the 
material  was  deposited  onto  the  pipe,  which  had  previously  been  laid,  while 
in  the  other  shaft  some  material  for  back  filling  the  tunnel  was  allowed  to 
remain.    The  excess  material  was  removed  to  the  surface. 

The  tunneUers  were  paid  35  cts.  per  lin.  foot  tunnelled.  The  average 
height  of  the  tunnel  was  3H  ft.  and  the  width  3  ft.  The  tools  used  were  a 
miner's  pick  with  a  "  duck  bQl**  on  one  end,  and  an  18  in.  tile  spade,  a  sharp 
adz,  and  a  shovel,  the  handles  on  these  tools  being  not  over  20  ins.  long.  No 
timbering  of  the  tunnel  was  required.  The  pipes  were  laid  after  the  entire 
tunnel  section  was  complete.  Grade  was  teed  in  from  stakes  driven  at  the 
correct  elevation,  at  each  end  of  the  section.  The  pipe  was  lowered  into  the 
shaft  by  means  of  a  rope,  and  slid  to  the  desired  point  on  planks  placed  on  the 
tunnel  bottom.  The  back  filling  was  carried  on  by  relaying  the  material  in 
from  the  tunnel  opening  and  tamping  it  solidly.  The  unit  costs  on  the  tun- 
n^  in  Section  3  follow: 

Item 

Tunneling,  95  lin.  ft.  (37  cu.  yds.)  at  35  cts.  per  ft. . 

Removing  22  ou.  yds.  material  from  tunnel 

Removing  25  cu.  yds.  material  from  shaft 

Backfilling  tunnel 

Pipe  laying,  95  ft.  of  12-in.  pipe 


Coet  por 

C 

"ost  per 

ft..  Ct8. 

cu. 

.  yd.,  cts. 

35. 

92.4 

5.5 

28.2 

17.4 

66. 

8.2 

21.7 

4.1 

•   •   •  • 

ToUb 70.2  S  2.083 

The  item  "  removing  material  from  tunnel "  includes  only  22  cu.  yds.  The 
remaining  15  cu.  yds,  were  excavated  from  the  short  tunnels,  where  an  addi- 
tional man  was  not  required  for  removing  the  material  from  the  tunnel  since 
the  tunnellers  were  able  to  throw  the  material  back  far  enough  for  the  shaft 
men  to  reach. 

The  open  cut  on  this  section  consisted  of  a  295  ft.  stretch  which  includes  the 
shafts.  This  entire  length  had  to  be  sheeted  with  skeleton  sheeting.  The 
number  of  ft.  B.  M.  used  was  5,920.  The  average  depth  of  thLs  295  ft.  stretch 
was  17  ft..  Tninimiim  6  ft.,  maximum  23  ft.  The  average  width  excavated  was 
30  ins.  The  weather  was  favorable.  The  trench  bottom  consisted  of  a 
mixture  of  clay  and  sand  and  water,  which  made  pipe  laying  as  well  as  exca- 
vating very  difficult.  The  back  filling  was  done  mostly  by  hand.  The  mate- 
rial was  so  wet,  sticky,  and  heavy  that  a  scraper  and  team  could  not  move  the 
material  satisfactorily.  The  pipe  layer  excavated  a  bench  12  ins.  deep  and 
18  ins.  wide,  or  16  cu.  yds.  of  material  and  threw  it  back  on  the  laid  pipe. 

The  cost  of  the  open  cut  portion  fpUows: 

Item  ft 

Excavation  by  pipe  layer.  16  cu.  yds 

Excavation,  437  cu.  yaa 

Sheeting 

iS^//*:'":''*";.;;.;.:::;:: :...•.■;■.  ;. 


oet  per 

Cost  per 

t..  cts. 

cu.  yd.,  ots. 

1.3 

24. 

99.5 

63.1 

\0A 

.... 

^.f» 

■     «     k     • 

\T>.e> 

^.^ 
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Tba  labor  or  ibeeting  ooft  tS.ao  par  1.000  ft.  B.  M. 

In  oompuing  tbe  cost  of  UumeUing  with  tbe  ooft  of  open  eut.  ooe  miMi 
ranemlMr  tbai  txemmiints  ahaf ts  is  more  difficult  and  ttaeref ore  more  oottljr 
tbmtlnriKlit  open  work,  stnoe  the  ends  of  %  shaft  must  be  cut  square:  and  the 
"ftep-up**  method  of  excavation  camiot  be  used  to  adyantage.  Still  the 
costs  Aaw  that  UmneOing  for  this  particular  sewer  cost  toss  per  foot  than  tin 
open  citfc.  This  is  evidently  true  for  any  sewer  ezoavation  below  a  certain 
depth. 

3«fM»  4.— Section  4  consisted  of  a  40a-f t.  stretch  of  10  in.  pipe.  The  aver- . 
age  eat  was  8.6.ft.,  minimum  6  ft.,  maximum  0.5  ft.  The  average  width  of 
twflh  wae  94  ins.  The  bottom  was  very  wet,  but  no  slieeting  was  required. 
TlwplpelayereaH»vatedabenohl5in8.  x  18  ins.  The  trench  was  back  flUed 
by  hand.    The  unit  costs  follow: 

Cost  per         Cost  per 
Item  ft.,  cts.        eu.  yd.,  ots. 

Bseavatioo  by  pipe  layer,  39  en.  yds 0.9  13.4 

EieaTation,  310  ou.  yds 13.6  35.4 

Layinr lO-in.  pipe 3.3               

Badn 4.5  8.4 

Totak 31.3  46.3 

Steften  5. — On  Section  5  a  550  ft.  length  of  8  in.  pipe  was  laid.  The  average 
depth  was  11.5  ft.,  minimum  0  ft.,  maximum  16  ft.  Width  of  trench  34  ins. 
Tlie  trench  bottom  was  wet  for  300  ft.  Two  caveins  resulted,  due  to  insuffl- 
dent  bracing.  Skeleton  sheeting  was  provided  every  5  ft.  The  pipe  layer 
excavated  a  bench  13  ins.  deep  by  15  ins.  wide  and  averaged  30  ft.  of  laid  pipe 
per  hour.    The  trench  was  back  filled  by  hand.    The  costs  follow: 

Coet  per  ft.,       Cost  per  eu.  yd. 
Item  cts.  cts. 

Eseavatlon  by  pipe  layer,  36  cu.  yds 0.7  16. 5 

Exeavstion.  438  cu.  yds 33.4  80. 1 

Laying  8-in.  pipe 2.0                   

Sheennc 2.3                    

BaekitU. 7.9  10.3 

Totds 36.3  56.8 

3,560  ft.  B.  M.  of  sheeting  cost  $4.97  per  1.000  ft.  for  labor  In  placing  and 
putting. 

S^eHan  6. — Section  6  consisted  of  a  563  ft.  length  of  6  in.  pipe.  The  average 
cot  was  11  ft.,  minimum  9  ft.,  maximum  13  ft.  The  average  width  of  trench 
was  38  ins.  The  pipe  layer  averaged  30  ft.  of  laid  pipe  per  hour,  and  excavated 
a  13  in.  X  ISf  in.  bench.  The  trench  was  back  filled  by  hand.   The  costs  follow: 

Cost  per  ft..      Coet  per  cu.  yd.. 
Item  cts.  cts. 

Ezeavation  by  pipe  layer,  22  yds 0.4  10.5 

Ezeavation,  380  cu.  yds 15.3  22. 2 

Lajdng  64n.  inpe 1.1                    

Bm]3u 6.5  9.7 

Totals 23.3  43.4 

Seciicn  7.— On  Section  7  s  650  ft.  length  of  8  in.  pipe  was \«Ad.   TVub  vi^^fga 
eut  was  lOHft.,  minimum  9  ft.,  maximum  1 1  ft.    The  avenLge \«\dX\v  c&  Uvctf^ 
waB24lttt.     Tlie  material  waa  a  hard  and  dry  clay,  wWcYi  YukA  Xo  Y»  ^\OwA. 
fcr  the  am  4-  ft.     The  pipe  layer  averaged  28  ft.  o!  laid  pVp^  P^t  \xDVVt  ^».< 
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removed  a  6  in.  X  12  in.  bench.     The  trench  was  back  filled  by  hand.     No 
sheeting  was  required.    The  costs  follow: 

Cost  per  ft.,  Coet  per  cu.  yd., 

Item                                                                              cts.  eta. 

Excavation  by  pipe  layer,  20  cu.  yds 0.3  16.5 

^cavation,  407  cu.  yds 22 . 2  30. 0 

hayina  8-in.  pipe 1.4  

BackSl 6.0  8.1 

Totals 29.9  54.6 

The  material  which  had  to  be  picked  cost  approximately  35  cts.  per  cu  yd. 

Section  8. — Section  8  is  559  ft.  stretch  of  6  in.  pipe.  The  average  cut  was 
10  ft.,  minimum  9  ft.,  maximum  lOK  ft.  The  average  width  of  trench  was 
22  ins.  The  pipe  layer  averaged  36  ft.  of  laid  pipe  per  hour,  and  removed  a 
12  in.  X  12  in.  bench.  The  trench  was  back  filled  by  hand.  The  costs 
follow: 

Cost  per  ft.,      Coet  per  ou.  yd., 

Item  cts.  cts. 

Excavation  by  pipe  layer,  20  cu.  yds 0.4  11.5 

Excavation,  340  ou.  yds. 14 . 3  23 . 5 

Lasdng  6-in.  pipe 1.0  

BackfiU 6.4  10.5 

Totals 22.1  65.5 

A  6  in.  house  connection  56  ft.  long  was  laid  at  the  following  costs: 

Item  Cost  per  ft.,  cts. 

Excavation 12 . 9 

Laying  pipe 2.0 

Backmi. 6.4 

Total 21.3 

The  average  cut  was  8  ft.  The  average  width  of  trench  was  24  ins.,  the' 
material  was  yellow  day. 

The  general  expense  for  all  work  on  this  contract,  which  includes  foteman- 
ship,  water  boy  and  incidentals,  was  3  cts.  per  ft.  of  pipe.  This  cost  is  not 
included  in  the  foregoing  unit  costs. 

Contract  2,  1912. — Labor  was  very  scarce  and  wages  were  high  on  this  job. 
Laborers  were  paid  25  pts.  per  hour,  while  the  pipe  layer  was  paid  27H  cts. 
per  hour.    The  foreman  received  45  cts.  per  hour. 

Section  A. — On  Section  A  a  272  ft.  length  of  10  In.  line  was  laid.  The 
average  cut  was  9K  ft.,  minimum  7  It.,  maximum  10  ft.  The  average 
width  of  trench  was  24  ins.  For  a  stretch  of  50  ft.  the  bottom  material  was 
all  "  muck  "  and  necessitated  the  use  of  buckets  for  its  removal.  Considerable 
rain  fell  before  the  completion  of  this  section,  resulting  in  two  cave-ins. 
The  pipe  layer  excavated  a  trench  12  ins.  deep  and  15  ins.  wide.  The  material 
encountered  was  black  loam  and  a  mixture  of  clay  and  sand.  The  unit  costs 
follow: 

Cost  per  ft..      Cost  per  cu.  yd.. 

Item  cts.  cts. 

Excavation  by  pipe  layer,  13  cu.  yds 1.6  33. 0 

Excavation,  170  cu.  yds 23.9  38.2 

Laying  10-in.  pipe 2.8  

Backffll 6.7  10.7 

Water  boy 0.8  

Foreman 4.1  

Totals 39.9  81.9 
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The  labor  of  sheeting  cost  $5.20  per  1.000  ft.  B.  M. 

In  comparing  the  cost  of  tunnelling  with  the  cost  of  open  cut,  one  must 
remember  that  excavating  shafts  is  more  difficult  and  therefore  more  costly 
than  straight  open  work,  since  the  ends  of  a  shaft  must  be  cut  square;  and  the 
"step-up"  method  of  excavation  cannot  be  used  to  advantage.  Still  the 
costs  show  that  tunnelling  for  this  particular  sewer  cost  less  per  foot  than  ttie 
open  cut.  This  is  evidently  true  for  any  sewer  excavation  b^ow  a  certain 
depth. 

Section  4. — Section  4  consisted  of  a  403-ft.  stretch  of  10  in.  pipe.  The  aver-, 
age  cut  was  8.6.ft.,  minimum  6  ft.,  maximum  9.5  ft.  The  average  width  of 
trmch  was  24  ins.  The  bottom  was  very  wet,  but  no  sheeting  was  required. 
The  pipe  layer  excavated  a  bench  15  ins.  X  18  ins.  The  trench  was  back  fllled 
by  hand.     The  unit  costs  foUow: 

Cost  per  Cost  per 

Item  ft.,  cts.         cu.  yd.,  cts. 

Excavation  by  pipe  layer,  28  cu.  yds 0.9  12. 4 

Excavation,  216  cu.  yds 13. 6  25.4 

Laying  IQ-in.  pipe 2.2  .... 

Backffll 4.5  8.4 


Totals 21.2  46.2 

Section  5. — On  Section  6  a  550  ft.  length  of  8  in.  pipe  was  l^d.  The  average 
depth  was  11.5  ft.,  minimum  9  ft.,  maximum  16  ft.  Width  of  trench  24  ins. 
The  trench  bottom  was  wet  for  200  ft.  Two  caveins  restdted,  due  to  insuffi- 
cient bracing.  Skeleton  sheeting  was  provided  every  5  ft.  The  pipe  layer 
excavated  a  bench  12  ins.  deep  by  15  ins.  wide  and  averaged  20  ft.  of  laid  pipe 
per  hour.    The  trench  was  back  filled  by  hand.    The  costs  follow: 

Cost  per  ft..       Cost  per  cu.  yd. 
Item  cts.  cts. 

Excavation  by  pipe  layer,  26  cu.  yds 0.7  16. 5 

Excavation,  428  cu.  yds 23.4  30. 1 

Laying  84n.  pipe 2.0                     

Sheeting 2.3                     

Backfilf 7.9  10.2 

Totals 36.3  56.8 

2,560  ft.  B.  M.  of  sheeting  cost  $4.97  per  1,000  ft.  for  labor  in  placing  and 

;^Uilillg. 

Section  6. — Section  6  consisted  of  a  563  ft.  length  of  6  In.  pipe.  The  average 
^r^iit  was  11  ft.,  minimum  9  ft.,  maximum  12  ft.  The  average  width  of  trench 
^^V9s  22  ins.  The  pipe  layer  averaged  30  ft.  of  laid  pipe  per  hour,  and  excavated 
^^  12  in.  X  12  in.  bench.  The  trench  was  back  fllled  by  hand.   The  costs  follow: 

Cost  per  ft..      Cost  per  cu.  yd.. 
Item  cts.  cts. 

r^  rxcavation  by  pipe  layer,  22  yds 0.4  10.5 

rz>  :aEcavation,  380  cu.  yds 15.2  22.2 

Totals 23.2  42.4 

ion  7. — On  Section  7  a  550  ft.  length  of  8  in.  pipe  was  laid.    The  average 

was  lOK  ft. >  minimum  9  ft.,  maximum  1 1  ft.    The  average  width  of  trench 

24  ins.    The  material  was  a  hard  and  dry  clay,  which  had  to  be  picked 

the  first  4  ft.    The  pipe  layer  averaged  28  ft.  of  laid  pipe  per  hour  and 
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tamped  by  hand  aa  in  Section  A.     The  pipe  layer  excavated  a  trench  12  ins. 
deep  by  15  ins.  wide.     The  costs  follow: 


Coat  per  ft.,       Cost  per  cu.  yd., 
cts.  ets. 


Item  cts.  ets. 

Excavation  by  pipe  layer,  12  cu.  yds 0.9  20.0 

Excavation,  180  cu.  yds 30. 1  44 . 3 

h&yinz  pipe,  10-in 3.0  

BaclTfiir. 11.1  16.3 

Foreman 4 ;  0  


Totals 49.1  80.6 

Section  C. — Section  C  la  a  10  In.  Ihie  330  ft.  long.  The  average  width  of 
trench  was  24  Ins.  The  average  depth  was  9H  ft-,  minimum  8  ft.  6  Ins., 
maxlmmn  11  ft.  3  Ins.  The  weather  was  Ideal.  The  material  was  mostly 
day  with  some  loam.  The  back  filling  was  not  tamped!  The  pipe  layer 
excavated  a  6  In.  X  15  In.  trench.     The  costs  follow: 


Cost  per  ft,,      Cost  per  cu.  yd., 
cts.  cts. 


Item 

Excavation  by  pipe  layer 0.3  16. 5 

Excavation,  175  cu.  yds 22.4  42.2 

Pipe  laying,  10-in 2.6                     

Backfill 3.9  7.3 

Foreman 3.2                     


Totals 32.4  66.0 


CONCLUSION 

The  labor  costs  of  building  manholes  on  Contract  1  show  an  average  cost 
of  85  cts.  per  ft.  depth,  while  on  Contracts  2  and  3  with  higher  rate  of  wages 
prevailing,  the  cost  averages  $1.25  per  ft.  of  depth. 

The  labor  costs  of  excavating  trenches  of  various  depths  and  widths,  supple- 
mented by  observation,  show  that  the  cost  per  cubic  yard  of  excavating  s^ 
trench  22  Ins.  wide  Is  no  greater  than  Is  the  cost  for  ^ccavating  a  trench  24 
Ins.  or  26  Ins.  wide.  From  this  It  appears  that  a  saving  can  be  efifected  by 
giving  particular  attention  to  the  width  of  the  trench  to  be  excavated.  Small 
contractors  are,  as  a  rule,  prone  to  choose  a  constant  width  for  pipe  up  to  12  ins. 
In  diameter;  whereas,  a  saving  would  result,  In  shallow  excavations,  by  f (blow- 
ing a  rule  such  as:  add  14  ins.  to  the  pipe  diameter  to  secure  the  trench  width. 
In  a  shallow  trench  up  to  about  8  ft.  a  man  can  work  efficiently  If  the  width  is 
only  20  ins. 

The  cost  of  back  filling  averages  SH  cts.  per  cu.  yd.  on  contract  1  and  10 
cts.  per  cu.  yd.  on  contracts  2  and  3. 

For  the  purpose  of  estimating  the  cost  of  excavation  from  trenches  up  to  10 
ft.  In  depth  with  labor  at  20  cts.  per  hour,  material  which  requires  no  picks, 
and  an  absence  of  water  may  be  taken  at  25  cts.  per  cu.  yd.  When  water  is 
encountered  the  cost  may  be  several  times  that  figure.  For  the  pipe  layer  12 
cts.  per  cu.  yd.  can  be  used. 

The  cost  per  lineal  foot  for  the  actual  lading  of  the  pipe,  which  Includes  the 
lowering,  the  bedding  of  and  the  joining  of  the  pipe  may  be  arrived  at  approxi- 
mately by  multiplying  the  diameter  of  the  pipe  in  Inches  by  0.0025  when  the 
pipe  layer  receives  25  cts.  per  hour  and  his  helper  20  cts.  per  hour. 
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A  saving  is  effected  b j  having  the  pipe  layer  cany  a  out  in  addition  to 
laying  the  pipe.  The  figures  show  a  reduction  of  50  per  cent  in  cost  per 
cu.  yd.  for  this  excavation  when  compared  to  the  cost  per  cu.  yd.  of  the  trench 
men. 

On  any  sewer  construction  the  most  important  individuals  are  the  men  who 
lay  the  pipe  and  the  men  on  the  two  benches  preceding.  Those  men  set  the 
pace  or  speed  of  excavation  for  the  entire  gang  and  should,  therefore,  be  paid 
accordingly. 

The  author  of  this  article  was  foreman  on  the  jobs  described,  and,  also, 
recorded  all  the  costs  given. 

Cost  of  Pipe  Sewers  and  Appurtenances  in  Water  Bearing  Sand. — ^The 
following  data,  published  in  Engineering  and  Contracting,  May  10, 1911,  are 
given  by  A.  P.  Melton,  who  was  city  Engineer  in  charge  of  the  work. 

During  the  years  1909-10  three  district  sewers  were  laid  in  Gary,  which  will 
be  here  referred  to  as  Local  Sewers  Nos.  8,  9  and  10.  These  serwers  were  laid, 
for  the  most  part,  in  water  bearing  sand.  In  some  cases  water  stood  in  the 
ground  within  a  foot  of  the  siuf  ace.  In  all  cases  where  water  was  encountered 
it  was  drawn  down  by  pumping.  In  some  cases  small  hand  pumps  were  suffi- 
cient, but  in  the  majority  of  cases  steam  power  pumps  were  used. 

Suction-  lines  were  laid  horizontally  along  the  braces  and 'two-way  valves 
were  placed  in  this  main  every  four  feet;  li^-in.  well  points  were  driven  into 
the  'sand  with  their  tops  near  the  water  line  and  their  bottoms  from  1  ft.  to 
6  ins.  below  the  grade  of  the  sewer.  The  points  were  connected  to  the  suction 
main  at  the  valves  by  means  of  a  short  piece  of  flexible  hose. 

The  excavating  was  done  by  teams  and  slip  scrapers  until  the  level  ci  the 
ground  water  was  reached.  Below  that  point,  after  the  water  had  been 
pumped  out,  the  excavating  was  done  by  hand.  The  backfilling  was  done  by 
teams  and  slip  scrapers.  The  trenches  were  about  4M  ft.  wide  and  were 
sheeted  in  all  cases  exc^t  on  about  two-thirds  of  the  12-in.  lines  in  Sewer 
No.  10,  where  the  cut  was  small.  The  cost  of  backfilling  is  included  in  all 
cases.  The  labor  of  sheeting  is  included  unless  otherwise  stated.  The  sheet- 
ing was  all  pulled  as  the  backfilling  progressed. 

European  laborers  were  employed  on  the  conunon  labor  and  all  work  was 
done  under  labor  union  conditions. 

The  standard  brick  manholes  and  concrete  gutter  inlets,  are  shown  by 
Figs.  1  and  2,  respectively. 


Local  Sbwbb  No.  8 
747  ft.  of  18-in.  Sewer. 


Teams  and  drivers,  49  days  at  $5.50 

Foreman,  19  days  at  $3.00 

Laborers,  208  days  at  $2.00 

Tenders,  30  days  at  $2.00 

Rpe  layers,  12  days  at  $2.75 

Mixers.  14  days  at  $2.00 

Sta.  engr.,  21  days  at  $3.00 

Firemen,  21  days  at  $2,25 

Pipeline  men,  26  days  at  $2.00 

Water  boy.  6  days  at  $1.00 *. 

747  ft.  of  18-in.  pipe  at  37H  cts 

Haiding  pipe  at  6  cts.  per  ft 

Total $1,356.69  181.60 


Cost  per  lin. 

Totel 

cts. 

$     260.50 

36.08 

57.00 

7.63 

416.00 

55.70 

60.00 

8.03 

33.00 

4.42 

28.00 

3.75 

63.00 

8.43 

47  25 

6.33 

52.00 

6.96 

6.00 

0.80 

280.12 

37.47 

44.82 

6.00 

ft. 
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OoBt  of  sheeting  trench  and  coal  for  boiler  are  not  included  in  the  above. 
This  sewer  was  laid  in  water  bearing  sand.  Well  i>oints  were  used  fat  inunp- 
Ing.    The  average  depth  of  cut  was  14.5  ft. ;  maximum  cut  18.0  ft. 


Total 

1,126  ft.  of  15-iii.  Sewer. 

Teams  and  drivers,  14H  days  at  $5.60 $79.76 

Foreman,  16J^  days  at  $3.00 49. 60 

LabOTers,  236H  days  at  $2.00 471 .00 

Tenders,  20  days  at  $2.00 40. 00 

Pipe  layers,  14  days  at  $2.76 38. 60 

Tenders,  14  days  at  $2.00 28.00 

Mixers,  16  days  at  $2.00 32.00 

Sta.  engr.,  26  days  at  $3.00 76.00 

Firemen,  18  days  at  $2.25 40. 60 

Pipeline  men,  44H  days  at  $2.00 89 .  00 

1,126  ft.  of  15-in.  pipe  at  29.7  cts 334. 13 

Hauling  pipe  at  6  cts.  per  ft 66 .  26 

Totals $1,333.68 


Cost  per  Un.  ft., 
cts. 

7.08 

4.40 
41.85 

3.65 

3.42 

2.48 

2.84 

6.67 

3.60 

7.91 
29.70 

6.00 


118.50 


The  cost  of  sheeting  trench  and  coal  for  boiler  are  not  included  in  the  al>ove. 
This  sewer  was  laid  in  water  bearing  sand.  Well  points  were  used  for  pump- 
ing.   The  average  cut  was  1 1 .3  ft .  and  the  maximum  cut  was  13  ft. 

897  ft.  of  12-in.  Sewer,  So.  of  13th  Ave. 


Total 

Teams  and  drivers.  26H  days  at  $5.50 $143.00 

Foremen,  14K  days  at  $3.00 43.60 

Laborers,  166M  days  at  $2.00 333.00 

Tenders,  26  days  at  $2.00 50.00 

Pipe  layers,  9H  days  at  $2.75 26.81 

Mixers,  UK  days  at  $2.00 22. 60 

Sta.  engr.,  21  days  at  $3.00 63. 00 

Firemen,  19  days  at  $2.25 42. 75 

Pipeline  men,  29  days  at  $2.00 58.00 

Helpers,  2  days  at  $2.00 4.00 

897  ft.  of  12-in.  pipe  at  22  cts 197.34 

Hauling  pipe  at  2yi  cts.  per  ft 22 .  42 

Totals $1 .  006 .  32 


Cost  per  lin.  ft. 
cts. 

15.93 

4.85 
37.13 

5.67 

2.99 

2.51 

7.02 

4.77 

6.47 

0.45 
21.98 

2.50 


112.17 


The  cost  of  sheeting  trench  and  coal  for  boiler  are  not  included  in  the  above. 
This  sewer  was  laid  in  water  bearing  sand.  Well  points  were  used  for  pimip- 
ing.     The  average  cut  was  13.8  ft.,  and  the  maximum  cut  was  26  ft. 

1,023  ft.  of  12-in.  Sewer,  N.  of  13th  Ave. 


Total 

Teams  and  drivers,  26  days  at  $6.60 v  $143.00 

Foremen,  16M  days  at  $3.00 : . . .  46. 50 

Laborers,  186  days  at  $2.00 372.00 

Tenders,  10  days  at  $2.00 20.00 

Pipe  layers,  10  days  at  $2.76 27 .  50 

Mixers,  9H.  days  at  $2.00 18. 50 

Sta.  engr.,  14  days  at  $3  00 42.00 

Firemen,  13  days  at  $2.25 29.25 

Pipeline  men,  43  days  at  $2.00 86.00 

Helpers,  2  days  at  $2.00 4.00 

1,023  ft.  of  12-in.  pipe  at  22  cts 225.06 

Hauling  pipe  at  2yi  cts.  per  ft 25. 57 

Totals $1,039.38 


Per  ft.,  Ota. 

13.07 

4.55 
36.35 

1.05 

2.60 

1.81 

4.11 

2.86 

8.43 

0.38 
22.00 

2.40 


101.60 
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The  cost  of  sheeting  trench  and  coal  for  boUer  are  not  Included  in  the  above. 
Weil  points  were  used  for  pumping.  The  average  cut  was  13.8  ft.,,  and  the 
maximum  cut  was  19.8  ft. 

10-in.  catch  basin  connections.     Total  length  of  connections  710  ft. 


Teams  and  drivers,  2  days  at  $5.50. 

Foremen,  1)4  days  at  $3.00 

Laborers,  48  days  at  $2.00 

Pipe  layers,  6K  days  at  $2.75 

Tenders,  1  day  at  $2.00 

Mixers,  5H  dasrs  at  $2.00 

710  ft.  of  10-in.  tile  at  16H  cts 

Hauling  tile  at  2  cts.  per  ft 

Totals .-^ 


Coat  per  Un.  ft.. 

Total 

cts. 

$11.00 

1.54 

4.50 

0.63 

96.00 

13.52 

17.19 

2.42 

2.00 

0.28 

11.00 

1.54 

117.15 

16.47 

14.20 

2.00 

$273.04 


38.40 


No  sheeting  was  required  and  no  pumping  was  necessary.    The  average 

cuts  were  as  follows : 

Ft. 


Average  cut  for  110  ft , . , 

Average  cut  for  110  ft , 

Average  cut  for  140  ft 

Average  cut  for  220  ft ^ 

Average  cut  for  130  ft 

11  Brick  Manholes.     Average  depths  11.7  ft. 

Total 

Bricklayers,  102  hrs.  at  $1.25 $127.50 

Tenders,  37  days  at  $2.00 74.00 

Mixers,  10?^  days  at  $2.00 21 .  50 

Laborers,  one  day  at  $2.00 2 .  00 

Sta.  engr.,  1  day  at  $3.00 3. 00 

Pipemen,  1  day  at  $2.00 2.00 

22  M.  brick  at  $7.00 154.00 

11  manhole  covers  at  $5.00 55. 00 

Totals 

10  Standard  Brick  Catch  Basins. 

Bricklayers,  62  hrs.  at  $1.25 

Tenders,  18^  days  at  $2.00 

Mixer.  8  days  at  $2.00 

Laborers,  1  day  at  $2.00 

10  M.  brick  at  $7.00 

10  C.  B.  covers  at  $5.00 

250  ft.  lO-in.  pipe  at  $0.16H 

10  double  Ls  and  traps  at  $1.15 

Totals $306.75 


16 

12.6 

16.2 

7.0 

16.2 


Per  manhole 

$11.58  ' 
6.73 
1.96 
0.18 
0.27 
0.18 
.  14.00 
6.00 


$489.00 

$39.90 

Total 

Per  basin 

$77.50 

$7.75 

87.50 

3.75 

16.00 

1.60 

2.00 

0.20  , 

70.00 

7.00 

50.00 

5.00 

41.25 

4.12  , 

12.50 

1.25 

$30.67 


4  Standard  Gutter  Inlets  and  Connections. 


Laborers,  10  days  at  $2.00. 

Concrete 

4  gratings  at  $2.00 

100  ft.  8-in.  tile  at  11  cts. . 
4  8-in.  L's  at  50  cts 

Total 

44 


Total 

Perinl 

$20.00 

$5.00 

10.00 

2.50 

8.00 

2.00 

11.00 

J2,75 

2.00 

0.50 

$51.00 


$12.75 
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2,136  ft.  of  6-in.  House  Ck)imectloDS. 

Pipe  layer,  Z7}i  days  at  S2.25 

2,136  ft.  of  6-m.  pipe  at  90.Q7H 

Hauling  pipe  at  $0.01 

137  12^.  Y'b  at  $0.46 

78  15-in.  Y's  at  $0.60 

52  18-in.  Y's  at  $0.76 

267  6-in.  stoppers  at  $0.01 

Total 


Total. 

Per  ft.,  eta. 

$84.93 

3.98 

160.20 

7.60 

21.36 

1.00 

63.02 

2.96 

46.80 

2.19 

39.00 

1.82 

2.67 

0.13 

$417.98 


19.57 


All  house  connections  were  tunneled  from  the  connection  to  the  lot  line. 
The  sewers  are  in  the  center  of  the  12  ft.  alleys. 


Local  Sewbb  No.  9 
852  ft.  of  12-in.  Sewer,  on  Alley  No.  4  West,  North  of  13th  Ave. 


Foreman,  15  days  at  $3.00 

Pipe  layer,  15K  days  at  $2.75. 

Mixer.  13  days  at  $2.00 

8ta.  engr.,  28  days  at  $2.50 

Firemen,  28  days  at  $2.25 

Pipeline  men,  42  days  at  $2.25. 
Laborers,  139K  days  at  $2.00. . 

Tender,  8  days  at  $2.00 

852  ft.  of  12-in.  pipe  at  22  cts. . 

Hauling  pipe  at  3  cts.  per  ft 

28  tons  coal  at  $4.00. 

Total 


Perlin 

Total 

cts. 

$45.00 

5.28 

42.62 

5.00 

26.00 

3.05 

70.00    . 

8.22 

63.00 

7.39 

94.50 

11.08 

279.00 

32.72 

16.00 

1.87 

187.44 

21.96 

25.56 

3.00 

112.00 

13.14 

ft.. 


$961.12 


112.70 


This  sewer  was  laid  in  water  bearing  sand.  Well  points  were, used  tor 
pumping;  20  hp.  steam  boiler  and  No.  4  Nye  Pumps  were  used.  The  average 
cut  was  10.9  ft.,  the  maximum  was  11.2  ft. 

747  ft.  of  18-in.  Sewer,  on  Alley  No.  4,  South  of  13th  Ave. 


Total 

Foreman,  24  days  at  $3.00 $  72. 00 

Rpe  layer,  13H  days  at  $2.75 37. 12 

Mixer,  13H  days  at  $2.00. 27.00 

Sta.  engr.,  14  days  at  $2.50 35.00 

Fireman,  21  days  at  $2.25 47 .  25 

Teams  and  drivers,  5  days  at  $6.00 30. 00 

Pipeline  men,  41  days  at  $2.25 92 .  25 

Bncklayer,  1  day  at  $10.00 10.00 

Laborers,  143  days  at  $2.00 286.00 

Sheeting  men,  37  days  at  $2.00 74.00 

Tender,  15H  days  at  $2.00 31 .00 

747  ft.  18-in.  pipe  at  Z7H  cts 280. 12 

Hauling  pipe  at  6  cts.  per  ft 44 .  82 

14  tons  coal  at  $4.00 56.00 

Total $1, 122.66 


Per  lin.  ft, 
cts. 

9.64 

4.97 

3.61 

4.68 

6.32 

4.02 
12.34 

1.34 
38.28 

9.92 

4.15 
37.50 

6.00 

7.49 


150.26 


This  sewer  was  laid  in  water  bearing  sand.  Well  points  were  used  tor 
pimiplng;  20  hp.  steam  boiler  and  No.  4  Njre  Pumps  were  used.  Average  cut. 
12.3  ft.;  maximum  cut  16.1  ft.  The  labor  union  rules  required  the  presence 
of  a  bricklayer  on  the  Job. 
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T50  n.  of  t&-ln.  Bower,  on  Alter  No.  4  Wot  Sautb  of  IGth  Ave. 
Pe 
ToUl 

Forenum.  27  day>  at  13.00 181 .00 

Pipeltyer.  13  dayi  at  12.75 3S.TG 

muT.  IIH  <<*ya  St  (2.00 23.00 

SU.eDgt.,  law  days  BtM.BO 41.25 

Kreman,  19  days  at  M.as 42,75 

Tea™  ud  driven,  IH  day.  at  W.OO 9.00 

Pipdinf  men,  31  daji  at  B.25 69.76 

L«h«en.  1G2  days  at  12.00 304.00 

Tender,  M  dayn  at  12,00 28.00 

Steam  rollet.  1  day  at  SIO.OO 10.00 

7fl0ft.  ot  15-iii.  pi|»at2S.7ct«.pet  ft. 222.75 

HauGiig  pipe  at  S  c1«.  per  It 87.60 

Total 1901. 7S  T 

This  sewer  wu  laid  Id  watei  beaiing  sand.  Well  pirinis  were 
pumping.  A  20  hp,  ateam  boiler  and  No.  4  K;e  Pumps  were  used. 
cut,  0.7  ft.:  mailmiun  cut  13.2  ft. 

893  ft.  of  12-111,  Sewer,  on  Alley  No.  4  West,  South  of  17tli  Ave. 

Cortpe 

Total 

ForemaD.  8  days  at  S3.00 (34.00 

np«  layer.  13H  daysat  »2.7B 37.12 

Muera,  12H  days  at  S2, 00 25.00  : 

Sta.  engr.,  ISM  dayi  at  12.50 38.75 

Fireman,  20  daya  at  12.25 45.00  i 

Teams  and  driven,  2  days  at  »6.0O 12,00 

Pipeline  men,  33  days  at  t2.2E 74.25  II 

LAbonra.  219  days  at  12.00 438,00  S( 

Tondera.  14  day«  at  $2,00 28.00 

15H  tooB  coal  at  (4.00 (13.00  I 

693  ft.  12-in.  pipe  at  22  eta 152. 4S  2 

HauliDC  pip«  at  3  eta.  per  ft 20.79  '■ 

Total $957.37  131 

This  aewer  was  laid  In  water  bearing  isnd.  Well  points  were 
pumping.  A  20  hp.  steam  boiler  and  No.  4  Nye  Pumpa  were  used. 
cut.  lO.S ft.;  maximum  cut.  14.5  ft. 

220  n.  Of  lO-ln.  Pipe  CotmectioDe  for  Catch  Basins. 

Coatpei 

Total  el 

Pipe  layer,  3days«t»2.7S 18.26  ; 

LAboreTB,  16  days  at  (2.00 82,00  I' 

Miiera.  3  day*  at  (2.00 8.00  1 

220  ft.  lO-in.  i»pe  at  IQH  cts 80.80  1( 

Hanlin*  pipe  at  2  ct«.  per  (1 4.40  _: 

$88.95  31 
Tbese  connections  were  all  laid  In  dry  sand  and  pumping  waa  not  i 
AveiKsecut.  4  ft.;  maximum  cut.  Oft. 
I,S32  ft.  Of  «-ln.  House  Coiuiectlons. 

Cost  pel 
Total 

Kpc  layer.  40  days  at  (2.2S 190 .  00  I 

1,632  ft.  ftin.  pipe  at  7H  cto.  pel  ft 122.40  : 

Hauling  pipe  at  1  ct.J»r  ft 16.32  1 

204  e^n.  Btopperaat  7  eta 14.28  ( 

12  lO-in.  stoppers  at  12  cU 1,44  ( 

1  12-in.  stopper  at  12  ola .12  _C 

Total $244,66  U 
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All  house  connection  were  tunneled  to  the  lot  line  from  the  sewer  in  the 
center  of  the  12  ft.  alleys. 
9  Standard  Brick  Manholes.    Average  Depth  12.106  ft. 


Bricklayer,  10  days  at  $10.00. 
Laborers,  33  days  at  $2.00. . . 

Mixers.  9  days  at  $2.00 

9  manhole  covers  at  $5.00. . . , 

18  M.  brick  at  $7.00 

81  manhole  steps  at  20  cts. . . 

Total 


Cost  per 

Total 

manhole 

$100.00 

$11.11 

66.00 

7.38 

18.00 

2.00 

45.00 

5.00 

126.00 

14.00 

16.20 

1.80 

$371.20 


$41.24 


5h/Hi^fd^ff^^^^^' 


Fza.  1. — Standard  brick  manhole  for  Gary,  Indians. 


7  Standard  Catch  Basins  and  Connections. 

Total  Cost  per  basin 

Bricklayer,  5  days  at  $10.00 $50.00  $7.13 

Laborers,  17  days  at  $2.00 34.00  4.88 

Mixers,  6  days  at  $2.00 10.00  1.42 

7  M.  brick  at  $7.00 49.00  7.00 

7  cast  iron  covers  at  $5.00 35. 00  6.00 

7  double  L  traps  at  $1.25 8.75  1.25 

Total $186.75  $26.68 

Weil  points  and  a  small  hand  pump  were  used.    There  was  about  6  ins.  of 
wat6r  to  remove. 
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Local  Sbweb  No.  10 


1,046  ft.  of  12-in.  Sewer  in  Alley  No.  3  West,  N.  of  13th  Ave. 

Cost  per  lin.  ft. 

Total  cts. 

Foreman,  4  days  at  $3.00 $12.00  1.14 

Laborers,  258  days  at  $2.00 516.00  49.35 

Pipeline  men,  35  days  at  $2.25 78.75  7.53 

Bncklayer,  5H  days  at  $10.00 ,  55. 00  6. 26 

Pipe  layer,  11  days  at  $3.00 33.00  3.15 

Tender,  11  days  at  $3.00 33.00  3. 15 

Firemen,  27  days  at  $2.00 64 . 00  5. 16 

Mixers.  8H  days  at  $2.00 17.00  1 . 62 

Water  boy,  10  days  at  $0.50 5.00  0.48 

1.046  ft.  of  12-in.  pipe  at  22  cts.  per  ft 230. 12  22 .  00 

Hauling  pipe  at  2H  cts.  per  ft 26.15  2.49 

14  days'  rental  of  boiler  and  outfit  at  $10.00.  140. 00  13 .  38 

14  tons  of  coal  at  $4.00 56.00  5.35 

Total $1,256.02  120.06 

This  sewer  was  laid  in  water  bearing  sand.  Well  points  were  used  for 
pumping.  Boiler  and  pumps  as  before.  Average  cut,  6.6  ft. ;  maximum  cut. 
8.4  ft.  The  labOT  union  rules  required  the  presence  of  the  bricklayer  on 
Sewer  No.  10  wherever  ^own,  to  take  charge  of  and  assist  in  the  pipe  laying. 

746  ft.  of  18-hi.  Sewer  In  Alley  No.  3  West,  South  of  13th  Ave. 

Cost  per  lin.  ft.. 

Total  cts. 

Teams  and  drivers,  17  days  at  $6.50 $110. 50  14 . 82 

Foreman,  14  days  at  $3.00 42.00  5.63 

Laborers.  150  days  at  $2.00 300. 00  40. 19 

Pipeline  men,  31M  days  at  $2.25 70.88  9. 62 

Bncklayer.  12  days  at  $10.00 120. 00  16. 07 

Pipe  layer,  11  days  at  $3.00 33. 00  4  42 

Tender.  11  days  at  $3.00 33.00  4.42 

Firemen,  35K  days  at  $2.00 71 .  00  9  52 

Mixer,  9H  days  at  $2.00 19.00  2.55 

Water  boy,  12  days  at  $0.60 6.00  0. 80 

746  ft.  of  18-in.  pipe  at  37H  cts 279.75  37.47 

Hauling  pipe  at  6  cts.  per  ft 44 .  76  6 .  00 

Rental  of  boiler  and  outfit  18  days  at  $10.00.  180.00  24. 13 

18  tons  of  coal  at  $4.00 72.00  9.66 

Total $1,381.89  185.20 

Water  in  sand,  well  points,  boiler  and  pumps  as  before.    Average  cut,  10.1 
ft. ;  maximum  cut,  12.9  ft. 

750  ft-  of  15-hi.  Sewer  in  Alley  No.  3  West,  South  of  15th  Ave. 

Cost  per  Kn.  ft.. 

Total  cts. 

Teams  and  drivers,  8  days  at  $6.50 $52 .00  6 .  93 

ForemAJi,  16  days  at  $3.00 48.00  6!40 

Laborers.  162  days  at  $2.00 324.00  43. 20 

Pipeline  men,  36  days  at  $2.25 81 . 00  10. 80 

Bncklayer.  9H  days  at  $10.00 95.00  12  67 

Pipe  layer,  14H  days  at  $3.00 43.50  5.80 

Tender.  13H  days  at  $3.00 40. 50  5. 63 

Piremen,  13H  days  at  $2.00 27.00  3. 60 

Mixer,  11  da3^  at  $2.00 22.00  2.93 

Water  boy,  7  days  at  $0.50 3.50  0.47  ; 

750  ft.  of  16-in.  pipe  at  29.7  cts 222.75  29. 68 

Elaalios  pipc  a*  5  cts 37 .  50  5  00 

Rent  ofbouer  and  outfit  13H  days  at  $10.00.  135 .  00  18 .  00 

13H  tons  of  coal  at  $4.00 54.00  7.19 

Total $1,187.75  158.20 
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Water  removed  as  before.     Average  cut,  11.5  ft.;  maximum  cut,  15.1  ft. 
719.5  ft.  of  12-in.  Sewer  in  Alley  No.  3  West,  South  of  17th  Ave. 


Total 

Teams  and  drivers,  37  days  at  $6.50 $240. 50 

Foreman,  24H  days  at  $3.00 73.50 

Laborers,  207  days  at  $2.00 414.00 

Pipeline  men,  27  days  at  $2.25. . .  .• 60.75 

Helpers,  20  days  at  $2.00 40.00 

Bricklayer,  16H  days  at  $10.00 165. 00 

Pipe  layer,  4  days  at  $3.00 12.00 

Tender,  17H  days  at  $3.00 52.50 

Firenaan,  20  days  at  $2.00.. 40.00 

Mixers,  16H  days  at  $2.00 33.00 

719.5  ft.  of  12-in.  pipe  at  22  cts 158 .  29 

Hauling  at  2M  cts.  per  ft 17 .99 

Rent  of  boiler  and  outfit  20  days  at  $10.00. ...  200 .  00 

10  tons  of  coal  at  $4.00 40.00 

Total $1,647.68 


Per    lin.    ft., 
cts. 

33. 

10.22 

57.55 

8.45 

5.55 
22.93 

1.67 

7.29 

5.56 

4.58 
21.98 

2.50 
27.80 

5.56 


215.06 


Water  removed  &A  before.     Average  cut,  12.8  ft. ;  maximum  cut,  14.5  ft. 
18  Standard  Brick  Manhole,  Average  Depth  12.106  ft. 


Bricklayer,  14  days  at  $10.00. 

Mixer,  14  days  at  $2.00 

Laborers,  55  days  at  $2.00. . . 

36  M.  brick  at  $7.00. 

18  cast  iron  covers  at  $5.00. . 
164  manholes  steps  at  20  cts. 

Total 


Total 

Per  manhole 

$140.00 

$7.78 

28.00 

1.56 

110.00 

6.11 

252.00 

14.00 

90.00 

5.00 

32.80 

1.82 

$652.80 


$36.27 


3  Standard  Brick  Catch  Basins  and  Connections. 


Bricklayer,  2H  days  at  $10.00. 

Foreman,  2  days  at  $3.00 

Mixers,  2}4  days  at  $2.00 

Laborers,  21  days  at  $2.00 

3  M.  brick  at  $7.00 

3  cast  iron  covers  at  $5.00 

309  ft.  of  8-in.  pipe  at  11  cts. . 
3  double  L  traps  at  $1.25 

Total 


Total 

Per  basin 

$25.00 

$8.33 

6.00 

2.00 

5.00 

1.67 

42.00 

14.00 

21.00 

7.00 

15.00 

5.00 

33.99 

11.33 

3.75 

1.25 

$161.74 


$60.58 


Well  points  and  small  pump  used  to  remove  about  6  ins.  of  water. 

Cost  of  Constructing  a  Small  Submerged  Sewer  Outfall  Into  a  Stream. — 
J.  C.  Schneidwind  in  Engineering  and  Contracting,  June  14,  1911  gives  the 
cost  of  constructing  the  Leland  Ave.  outfall  into  the  North  Shore  Channel 
Chicago  as  follows: 

Briefly.the  design  requires  the  end  of  the  sewer  to  be  built  as  dose  as  poesible 
to  the  water  edge  where  a  concrete  bulkhead  is  placed  and  the  sewer  carried 
tl^'ough  it  to  the  face.  At  a  sufficient  distance  back  from  the  face,  an  ordi- 
nary junction  pipe  is  placed  with  the  connection  on  the  flow  line  of  tlie  sewer. 
This  in  turn  is  joined  by  means  of  straight  and  curved  tile  pipes  to  a  cast  inxi 
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watei  pipe  whldi  extends  Into  the  watw  about  2  ft.  bdow  the  imfaee.    To 

deflect  the  Bewtige  Into  the  drain  pipes.  &  bilck  weir  Is  placed  at  the  Joint  on  the 
down  stream  side  of  tlie  junction,  and  oC  sufficient  size  to  core  for  a,  quontit; 
equal  to  two  times  the  dry  weather  flow  plus  10  pei  cent. 

The  conatnicUon  of  the  Leland  Avenue  outfall  was  carried  on  as  foUowa: 
after  the  sewer  was  built  to  the  site  of  the  bulkbead,  the  excavation  for  the 
latter  waa  completed  and  flUed  with  concrete  to  a  depth  of  8  Ins.  The 
junction  pipe  was  then  placed  In  Its  proper  position  and  held  by  a  block  and 
tackle,  while  the  connection  with  the  cast  iron  pipe  waa  made. 
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FzO'  2.— Staadaid  concrete  gutter  iolets,  Garyi  Indiana. 


^lien  placed  and  securely  tamped  around  the  pipes  to  protect  them  from 
-liat^urbance,  Bfter  whldi  the  work  waa  merely  a  matter  of  constructing  a 
■^j-^^tHe  for  the  sewei  proper  and  Junction  pipe.  Elevations  were  taken  on  the 
^^t«r  to  discover  a  settlement,  if  an?,  but  none  of  material  importance  waa 
ibs^rved.  The  next  pipe  was  then  set  and  In  the  joint  was  placed  the  brick 
^^)jr.  To  flt  the  last  pipe  flush  with  the  form  the  exact  measurement  waa 
a.t^*"'  ""^  "  P'P*  '^^  '"  fl*'  "^^  balance  of  tlie  work  consisted  only  of  filling 
j^^  -form  with  concrete. 

^X'l'e  work  was  carried  on  by  direction  ot  a  foreman,  who  did  the  necessary 
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mason  work,  and  a  gang  of  six  laborers.  The  concrete  was  comlMised  of  1  part 
Portland  cement,  2  parts  torpedo  sand  and  4  parts  crushed  stone.  The 
temized  cost  was  as  follows: 

1  foreman  H  day  at  $10 %  6.25 

3  laborers  (excavating),  H  day  at  $3.75 5. 62 

5  laborers  (concreting),  1  day  at  $3.50 17 .  50 

7  cu.  yds.  crushed  stone  at  $1.65 11  .-55 

4  cu.  yds.  torpedo  sand  at  $1.50 6.00 

11  bbls.  Portland  cement  at  $1.50 16. 50 

5  lin.  ft.  cast  iron  pipe  at  $1.00 5. 00 

6  lin.  ft.  6-in.  tUe  pipe  at  10  cts .60 

2  lin  ft.  24-in.  junction  pipe  at  $1.50 *3.00 

100  lin.  ft.  -matched  lumber  at  $35  per  M 3. 50 

Miscellaneous  lumber 2 .  00 

Total $77.52 

'Contractor  allowed  this  amount  for  substituting  junction  pipe  for  straight 
pipe. 

Costs  of  Constructing  18  and  18  In.  Inverted  Siphons  for  Sewer  Crossings. — 
The  following  data  are  given  in  Engineering  and  Contracthig,  April  29,  and 
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FiQ.  3. — Standard  submerged  sewer  outlet,  Chicago,  111. 

Aug.  12,  1014,  by  C.  A.  Bryan  who  was  resident  engineer  for  the  work. 

Cost  of  18-in.  Crossing . — The  construction  of  the  outfall  sewer  serving 
the  northern  and  the  western  section  of  the  Borough  of  Carlisle.  Pa.,  neoee- 
sitated  making  a  crossing  of  the  Letort  Spring,  a  stream  flowing  throuerh  tbe 
eastern  section  of  the  borough,  in  order  to  connect  this  sewer  with  the  main 
outfall  sewer. 

The  width  of  the  spring  at  the  point  where  the  crossing  was  made  was  33  ft. 
at  the  water  surface.  The  channel  itself  was,  however,  about  15  ft.  wide,  the 
remainder  of  the  cross-section  being  more  or  less  choked  with  mud  and  silt, 
and  through  this  part  of  the  section  the  velocity  of  flow  was  low.  The  i 
<|epth  of  water  in  the  cross-section  was  1.05  ft. 
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SoimdlngB  tako)  St  the  craaring  Bhmnd  that  the  bed  of  the  qirlng  was  com- 
poaed  ol  a  atiatum  of  soft  mud  md  cIb;  about  4  It.  de^  and  uuderlaylag 
thla  a  stratum  of  BtiS  cla;  through  which  the  soundlnga  were  not  carried.  It 
una  therefoie  dedded  to  construct  thin  crosulng  In  two  sections,  and  to  ciHn- 
pletel;  flnUh  and  flU  in  the  flrst  nactlon  befoTS  (wginning  work  on  the  other. 
Wori<  was  commenced  on  the  soBtem  half  of  the  croaslng,  aod  a  cofferdam 
built  eitendlng  from  the  eastern  bank  of  the  spring  to  a  point  a  lltUe  bejond 
Its  center.  The  cofferdam  was  made  about  20  ft.  long  and  6  ft.  wide  Inside 
dhnensiona,  and  was  built  by  driving  two  rows  ol  2-ln.  plank  around  the 
three  Bides  exposed  to  the  water.  The  plank  used  were  8  ft.  long  aud  weie 
braced  by  one  horizontal  waling  strip.  A  wooden  maul  wis  used  to  drive  tlds 
sheeting  sod  do  trouble  was  ocperlenced  In  driving  It  to  a  sufficient  depth. 
The  space  between  the  two  rows  of  sheeting  was  then  filled  with  a  well- 
puddled  stiff  clay  excavated  from  the  bottom  of  the  stream.  Water  wu  then 
pumped  out  of  the  cofferdam  by  gasoline  pumps,  while  bags  filled  with  sand 
were  piled  aiouDd  the  outside  of  the  cofferdam  to  prevent  eicesaive  Infiltration. 
The  leaks  In  this  cofferdam  were  plugged  without  much  difllculty.  Tlie 
trench  for  the  pipe  was  then  excavated  and  It  was  found  rteceiBary  to  use  tight 


^tioD  of  IS-ia.  olay  pipe  Ir 
itort  Spring,  Carliale,  Pa. 


sheeting  throughout  its  length.  The  trench  was  dug  about  3  ft.  wide  hislde  to 
tneide  of  sheeting  in  order  to  make  a  proper  allowance  for  clearance  of  the  bells 
of  the  pipe.  The  trench  sheeting  was  held  by  one  line  of  horizontal  waling 
strips  set  Just  below  the  original  bed  of  the  stream.  The  material  excavated 
from  the  trench  was  disposed  of  on  tbe  banks  of  the  spring.  When  the  exca- 
vation bad  been  carried  to  the  elevation  called  for  on  the  plan,  It  was  found 
that  the  foundation  was  not  solid  and  It  was  therefore  carried  about  8  Ins. 
deeper  to  a  mare  solid  stratum.  The  contract  called  for  surroundhig  the 
pipe  with  6  ina.  of  concrete  and  It  was  decided  to  further  reinforce  this  by  using 
I-io.  round  Iron  rods  spaced  9  Ins.  apart  on  centers  underneath  the  pipe. 
Work  on  tbe  western  half  of  the  creasing  was  started  a  few  days  after  tbe 
completltm  of  the  work  lust  described.  This  work  was  handled  Id  the  same 
manner.  The  brick  manholes  at  both  ends  of  the  croaslng  were  then  built. 
Tbe  water  leaking  into  the  cofferdam  was  handled  by  two  gasoline  diaphragm 

In  order  to  provide  a  method  of  flushing  out  this  syphon  it  was  decided  to 
connect  the  manhole  on  the  weet  bank  of  the  spring  with  the  spring  by  a  l2-in. 
cast  Iron  pipe  reetlng  on  the  bed  r^  the  latter.  This  pipe  was  provided  with  a 
12-lti.  gate  valve  which  was  set  In  a  valve  chamber  built  Into  tlie  manhole. 

Work  on  the  construction  of  this  crossing  was  started  on  Sept.  12,  1913,  and 
completed  on  October  t.  Tbe  itemized  cost  of  this  worit  to  tbe  contractor  was 
asfoUows: 
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Cost  of  Labob 

Item  Amount 

18  hn.  supervision  at  S0.80 $  14 .  40 

188  hra.  foreman  at  $0.30 56.40 

40  hra.  oarpenten  building  cofferdam  at  $0.35 14 .  00 

40  hra.  carpenter  helper  on  above  at  $0.17H 7 .  00 

280  hrs.  excavation  at  $0.17M 49.00 

80  hrs.  stopping  leaks  at  $0.17H 14. 00 

20  hra.  stopping  leaks  at  $0.20 4. 50 

168  hra.  driving  sheeting  at  $0.17H 26.78 

35  hra.  pipe  laying  at  $0.175^ 6. 13 

11  hra.  pipe  laying  at  $0.27H 3.03 

80  hra.  mixing  and  placing  concrete  at  $0.17>i 14 .  00 

6  hra.  mixing  and  placing  concrete  at  $0.20 1.00 

40  hra.  backfilling  at  $0.17H 7.00 

87  hra.  movitig  pumps  at  $0.17H 6 .  48 

36  hra.  engineer  at  $0.40 14. 40 

44  hra.  mason  at  $0.30 13. 20 

44  hre.  mason  helper  at  $0.17H 7 .  70 

25  hre.  cleaning  up  at  $0.17H 4 .  38 

1  hr.  cart  at  $0.27H 0.28 

8  hre.  team  at  $0.46 3.60 

3  hre.  hauling  12-in.  pii>e  at  $0.45 1 .  35 

Total  cost  of  labor $268.63 

Cost  of  Matsrials 

1,180  ft.  B.  M.  lumber  at  $25.00 $  29.50 

200  lin.  ft.  ^-in.  lumber 4.78 

45  empty  sacks  used  in  cofferdam  at  $0.10 4. 50 

9  cu.  yds.  of  stone  at  $1.25 11 .  25 

7 . 5  ou.  yds.  of  sand  at  $1.75 18. 10 

68  bags  of  cement  at  $0.40 27 .  20 

2,500  brick  at  $8.75 21.88 

65  gals  of  gasoline  at  $0.17M * 9.63 

52  fin.  ft.  18-in.  terra  cotta  pipe  at  $0.60 31 .  20 

0.448  tons  12-in.  c.  i.  pipe  at  $24.90 12. 28 

2  manhole  frames  and  covere  at  $6.70 13 .  40 

10  manhole  steps  at  $0.35 3. 50 

1  cut  stone  at  $2.25 2.25 

1  12-in.  valve  at  $39.50 89.50 

Leading  pipe  into  valve 2. 50 

Steel  reinforcement 3. 40 

4  diaphragms  for  pumps  at  $3.25 13. 00 

Oil  for  pumps 1 .  50 

25  days  of  pumping  for  gas  pumps  at  $1.00 25.00 

Total  cost  of  materials $269 .  82 

Total  cost  of  labor 268.68 

Total  cost  of  crossing $537 .  95 

The  itemized  cost  of  constructing  the  IS^in.  flushing  main  and  valve  in  the 
manhole  on  the  western  bank  of  the  spring  was  as  follows: 

61  hre.  of  laborere  building  cofferdain  at  $0.17M $     10. 68 

17  hre.  of  mason  at  $0.30 6. 10 

3  hre.  of  teams  hauUng  supplies  at  $0.27^ 0.83 

1  12-in.  gate  valve  at  $39.50 39. 50 

450  brick  at  $8.75  (M) 3.94 

1  cut  stone 2. 25 

2  cu.  yds.  of  stone  (crushed)  at  $1.25 2 .  50 

2  cu.  yds.  of  sand  at  $1.75 8 .  50 

10  bags  of  cement  at  $0.40 4 .00 

800  ft.  B.  M.  lumber  at  $26.00 7.80 

10  «dlons  of  gasoline  at  $0.15 1 .  50 

Leading  pipe  into  valve 2 .  50 

Total  cost  of  12-in.  fllushing  device $  84. 10 
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Deducting  the  cost  of  constructing  the  12-in.  flushing  device  from  the  total 

cost  of  the  crossing  gives  $453.85  as  the  cost  of  the  contractor  of  constructing 

this  inverted  siphon  together  with  the  two  manholes  and  other  f4>purtenances. 

The  length  of  this  crossing  was  52.5  hii.  ft.,  or  the  oost  of  construction 

amounted  to  $8.65  per  lineal  feet. 

Cost  of  12-xn,  Crossing. — The  10-in.  branch  sewer  serving  the  northeastern 
section  of  the  borough,  joins  the  main  outfall  sewer,  constructed  along  the 
east  bank  of  the  Letort  Spring,  at  the  comer  of  North  St.  and  Porter  Ave.  In 
order  to  effect  this  junction  it  was  also  necessary  to  carry  this  branch  sewer 
across  the  spring. 

In  making  this  crossing  a  complete  cofferdam  was  made  so  that  the  work 
could  be  finished  without  interruption. 

The  spring  at  the  point  where  the  crossing  was  made  was  about  33  ft.  wide 
and  about  1.0  ft.  deep  in  the  deepest  portion.  A  timber  frame  work  was  first 
bunt  from  2-in.  by  10-in.  plank.  This  frame  work,  built  on  the  bank,  was 
32  ft.  long  and  6.5  ft.  wide  and  3.5  ft.  deep.  At  the  center  of  the  long  sides  of 
the  frame  a  flume  was  built  .across  it.  This  flume  was  5.65  ft.  wide  and  its 
bottom  was  1  ft.  3  ins.  below  the  top  of  the  frame  at  upper  side  and  with  a 
pitch  of  3  ins.  in  the  width  of  the  frame  work.  When  completed  the  frame 
work,  sheathed  on  the  sides,  was  placed  across  the  stream,  the  sides  resting  in 
two  shallow  trenches.  The  structure  was  then  weighed  down,  calked  and 
banked  about  with^day. 

It  was  decided  to  use  available,  second  hand  cast  iron  pipe  in  this  crossing 
on  account  of  the  fewer  joints  thus  required  and  the  greater  ease  and  rapidity 
with  which  the  contracter  could  lay  it  out. 

Work  on  the  construction  of  this  crossing  was  begun  on  Nov.  20, 1913,  and 
the  crossing  was  practically  finished  on  Dec  3,  although  the  work  of  finishing 
the  construction  of  the  various  manholes,  cleaning  up,,  etc.,  was  not  completed 
until  Dec.  19. 

The  itemized  cost  of  all  work  at  this  crossing  was  as  fcdlows: 


Coet  of  labor  Amount 

Superintendent,  16  hours  at  80  cts $  12.80 

Foremen,  106  hovas  at  40  cts 42 .  40 

Foremen,  6  hours  at  30  cts 1 .  80 

Excavation,  651  hours  at  17H  cts 113  93 

Sheeting  and  bracing,  100  hours  at  20  cts 20. 00 

Eng:ineer,  gas  pumps,  82  hours  at  40  cts 32 .  80 

Mason,  83  hours  at  30  cts 24 .  90 

Mason  h^per,  83  hours  at  V7}ri  cts 14 .  53 

Carpenter,  57  hours  at  36  cts ,. 19  95 

Carpenter  helper.  111  hours  at  17^  cts. . : 19 .  43 

Sheeting  and  bracing,  100  hours  at  17H  cts 17 .  50 

Lasring  pipe,  61  hours  at  20  cts 12 .  20 

Laying  pipe,  50  hours  at  17H  cts 8.75 

Concreting.  147  hours  at  17K  cts 25.73 

Backfilling,  80  hours  at  17M  cts 14.00 

Miscellaneous,  60  hours  at  17H  cts 10. 50 

Cleaning  up,  38  hours  at  17H  cts 6 .  65 

Hauling  material,  4  hours  at  45  cts 1 .  80 

Total  cost  oi  labor  to  complete  all  work  at  this  crossing. ..,,....  $399. 67 
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Cost  of  materials:  Amount 

Bags  of  cement,  87  at  40  cts $34. 80 

Cu.  yds.  of  stone,  26  at  $1.25 31 .  25 

Cu.  yds.  of  sand,  13  at  $1.76 22 .  75 

Lumber  for  sheeting;  and  pilea,  2.0  M.  ft.  B.  M.'at  $26 52 .  00 

Flanged  cast  iron  pipe,  48  lin.  ft.  12-m. 61 .  44 

Gaskets  separating  pipe,  6  at  5  cts .30 

Gallons  of  gasoline,  80  at  16  cts 12 .  00 

Manhole  frames  and  covers,  2  at  $6.70 13 .  40 

Lamphole  frame  and  cover,  1  at  $4.20 4 .  20 

Cast  iron  pipe,  12  lin.  ft.  10-in 6.40 

Valve,  1  10-ln.  at  $18 18.00 

Brick,  2,000  at  $8.75 17 .  60 

Diaphragms  for  gasoline  pumps,  5  at  $3.20 16 .  00 

Gasoline  torches,  3  at  $1,25 3 .  75 

Pumping  with  gasoline  pumps,  25  days  at  $1.00 25 .  00 

Total  cost  of  materials  and  plant $318 .  70 

Total  cost  of  labor 399. 67 

Total  cost  of  crossing  to  contractor 718 .  46 

The  itemized  cost  of  constructing  the  10-in.  flushing  device  to  the  contractor 
was  as  follows: 

Labor  building  cofferdam,  etc.,  50  hours  at  17M  cts $      8 .  75 

Mason  labor.  30  hours  at  30  cts. 0 .  00 

Mason  helper,  30  hours  at  17>i  cts 5 .  25 

Gasoline,  10  gals,  at  15  cts 1 .  50 

Valve,  1  10-in.  at  $18.00 18.00 

Cast  iron  pipe,  12  lin.  ft.  10-in s 0 .  40 

Lamphole  frame  and  cover.  1  at  $4.20 4  .  20 

Brick,  300,  $8.75  per  M 2 .  64 

Stone,  1.5  cu.  yds.  at  $1.25 1 .  88 

Sand,  fi  cu.  yds.  at  $1.75 1 .  31 

Cement,  7  bags  at  40  cts 2 .  80 

Lumber,  300  ft.  B.  M.  at  $26.00 7 .  80 

Total  cost  of  flushing  device $  69. 53 

Deducting  the  cost  of  constructing  the  flushing  device  from  the  total  cost 
off  the  work  leaves  $648.93  as  the  cost  to  the  contractor  of  making  this  crossiiig. 
The  length  of  this  crossing  from  the  center  of  the  manhole  on  the  east  bank  of 
the  spring  to  the  corresponding  point  on  the  west  bank  was  51.5  ft.,  or  the 
coat  of  this  crossing  per  linear  foot  amounted  to  $12.60. 

Cost  of  Concrete  Sewer  Pipe  at  Bellingham,  Wash. — H.  A.  Whitney  gives 
the  following  in  Engineering  and  Contracting,  Feb.  8,  1911. 

The  city  of  Bellingham,  Wash.,  is  using  cement  and  concrete  pipe  for  storm 
water  ^wers.  This  pipe  is  made  under  a  guarantee  by  the  manufacturers. 
While  the  city  does  not  stipulate  any  process  of  manufacture  as  long  as  the 
finished  product  conforms  to  the  specifications,  all  the  cement  pipe  used  is 
made  by  one  local  concern  and  gives  satisfactory  results,  as  compared  to  the 
vitrified  clay  sewer  pipe.  All  sizes  of  pipe  from  4  ins.  to  24  ins.  are  machine 
made.     The  process  is  as  follows: 

A  flask  made  in  halves  is  placed  aroimd  a  cast  iron  core,  in  a  vertical  posi- 
tion. The  cement  is  placed  in  the  annular  space  thus  formed  in  batches,  dry 
mixed,  having  8  per  cent  to  10  per  cent  water.  As  the  cement  is  deposited 
in  the  mold  it  is  automatically  tamped  with  a  wood  tamper  nmning  at  the 
rate  of  five  blows  per  second.  The  core  in  the  meantime  is  kept  stationajy 
while  the  pipe  is  revolved  around  it,  thus  giving  a  smooth  glazed  eflfect  to  the 
inside.    The  actual  cost  to  the  manufacturer  is  as  follows: 
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.  4-in.  pipe * . .  4  eta.  per  It. 

6-in  pipe 7  ctfl.  per  ft. 

8-in.  pipe 14  eta.  per  ft. 

10-in.  pipe 19  cts.  per  ft. 

12-iii.  pipe 25  cts.  per  ft. 

15-in.  pipe 36  cts.  per  ft. 

18-in.  pipe. 50  cts.  per  ft. 

20-in.  pipe. 66  cts.  per  ft. 

The  above  costs  are  based  upon:  Cement  at  $2.30  per  bbl.;  sand  at  $1.10 
per  cu.  yd. ;  gravel  at  $1.20  per  cu.  yd. ;  labor  at  $2.25  per  day,  8  hrs.;  foreman 
at  $4  per  day,  8  hrs. 

The  pipe  as  sold,  delivered  upon  the  line  of  work  at  the  following  rates: 

4-in.  pipe 11      cts. 

6-in.  pipe 16H  cts. 

8-in.  pipe 22H  cts, 

10-in.  pipe 32  J^  cts. 

12-in.  pipe 40     cts. 

15-in.  pipe 60     cts. ' 

18-in.  pipe 75     cts. 

20-in.  pipe 90     eta. 

The  difference  in  manufactured  and  delivered  price,  represents  hauling, 
breakage  and  profits. 

Cost  of  8-Ft.  Circular  Reinforced-concrete  Sewer. — The  following  labor- 
cost  summary  taken  from  Eiigineering  News,  Feb.  18,  1915,  is  for  an  8-ft. 
circular  reinforced-concrete  sewer  built  between  electric-car  tracks  ifi  a  street 
within  the  commercii^  district  of  San  Francisco  (Howard  St.  from  Secbnd  St. 
to  Fourth  St.,  a  distance  of  1650  ft.) : 

Unit  Costs  of  8-ft.  Sswbb 

Excavation $  7 . 86    per  lin.  ft.  $0. 618  per  cu.  yd. 

Tfftgfr*"g 6.450  per  lin.  ft.  0. 106  per  sq.  ft. 

Forms 1 .  766  per  lin.  ft.  0 .  070  per  sq.  ft. 

Steel 1 .480  per  lin.  ft.  0.028  per  lb. 

Concrete 6.915  per  lin.  ft.  5.310  per  cu.  yd. 

Brick  lining 0.691  per  lin.  ft.  0 . 046  per  brick 

Finishing 0.348  per  lin.  ft.  0.014  per  sq.  ft. 

Backfill 2.020  per  lin.  ft.  0. 202  per  cu.  yd. 

MiBcellaneoua 0. 567  per  lin.  ft. 

Total I $28,096  per  lin.  ft. 

The  pavement  consisted  of  basalt  blocks  on  sand.  During  construction 
the  street  was  left  open  to  vehicular  traffic.  Ordinary  labor  was  at  the  rate 
at  $0.37M  P^^  i^-  <^<^  superintendence  at  $0.50  and  $0,625  per  hr. 

Labor  Costs  on  Concrete  Sewers. — D.  B.  Davis,  gives  the  fojlowiiig  in 
engineering  and  Contracting,  April  14,  1920. 

The  data  show  the  labor  required  and  the  procedure  followed  in  consttucting 
a  48-in.  diameter  monolithic  concrete  sewer  in  Richmond,  Ind.,  on  which  semi- 
circular forms  were  used.  The  contractor  had  100  lin.  ft.  of  the  half  circle 
forms,  erf  which  he  used  50  ft.  for  invert  and  50  ft.  for  the  arch.  The  concrete 
was  machine  ndxed ;  the  wheel  being  about  100  ft.  f n«i  the  mixer  to  the  forms. 
The  men  were  good  workers. 

The  order  ci  the  day's  work  was  as  follows: 

6:30  a.  m.  to  9:30  a.  m. — Sliding  invert  forms  ahead  and  setting. 

9 :30  a.  m.  to  11:15  a.m. — ^Pouring  conerete  invert. 

11:15  a.  m.  to  2:30  p.  m.  (1  hour  for  dinner) — Moving  and  setting  arch  forms. 

2:30  p.  m.  to  4:00  p.  m. — Pouring  concrete  arch. 

4 KM)  p.  m.  to  5:30  p.  m. — Pouring  flow-line  strip  2  ft.  wide. 
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The  labor  required  for  a  day's  run  of  50  ft.  of  sewer  was: 

Total  labor, 
hours 

Invert  forms — 8  men  in  ^ang 24 

Pouring  invert — 12  men  in  gang 21 

Arch  forms — 6  men  in  f^ang 13 

Poimng  arch — 10  men  m  gang 15 

Pouring  base  strip — 10  men  in  gang 18 

Total  labor,  hours 91 

Or  1.82  labor  hours  per  lineal  foot. 

The  organization  of  concreting  gang  was:  , 

2  men  spreading  and  tampinjs  concrete  about  forms. 

3  men  shoveling  gravel  in  mixer. 

4  men  wheeling  concrete  a  distance  of  100  feet. 

1  man  running  concrete  mixer. 

2  men  setting  metal,  etc. 

The  extra  men  used  for  pouring  concrete  were  taken  from  the  gangs  doing 
excavation. 

The  following  data  shows  the  labor  required  to  build  a  48-iiL  diameter 
monolithic  sewer,  using  complete  circular  forms.  The  contractor  had  six 
sections  of  form,  each  section  was  6  ft.  long.  When  these  were  assembled  it 
made  a  length  of  35  ft.  The  concrete  was  machine  mixed  and  the  wheel  for 
concrete  was  about  90  ft.  The  workmen  were  exceptional  and  the  conditions 
good. 

The  labor  required  for  a  day's  run  of  35  ft.  of  sewer  was: 

4  men  working  2^  hours  each  removing  and  resetting  six  sections  of 

complete  circular  forms,  or  total  of 10  hours 

4  men  working  6  hoiuv  each  and  7  men  working  2  hours  each  pouring 
concrete  for  complete  circle  and  for  flowline  strip,  changing  runs, 
etc.,  or  total  of 38  hours 

Total  labor  reouired  for  35  ft 48  hours 

Or  1.37  labor  nours  required  for  each  lineal  foot. 

The  labor  required  to  build  175  ft.  of  42-in.  monolithic  sewer,  using  the 

complete  circular  forms  with  the  sapie  gang  as  above,  was: 

Hours 

First  day's  work,  poured  flow-line. 16 

Second  day's  work,  built  35  feet  complete  sewer 30 

Third  day  s  work,  moving  forms  (rain) 10' 

Fourth  day's  work,  built  35  feet  complete  sewer 35j 

Fifth  day's  work,  built  35  feet  complete  sewer 30 j 

Sixth  day's  work,  built  35  feet  complete  sewer , 31 J 

Seventh  day's  work,  built  35  feet  complete  sewer 30 

Total  labor  for  175  ft.  of  sewer 183^ 

Or  1.05  labor  hours  required  per  Hn.  ft. 

In  building  245  ft.  of  36-in.  monolithic  sewer  using  complete  circular  forms, 
the  gang  built  35  ft.  of  sewer  each  day. 

It  required  31 H  hours  each  day  for  7  days  or  total  of  220  hours.  Or  O.90 
labor  hours  required  per  lineal  foot. 

It  will  be  observed  that  it  requires  approximately  the  same  number  of  labor 
hours  on  the  form  labor  for  the  36-in.,  the  42-in.  and  the  48-in.  diameter 
sewers. 


I^.  S  shows  the  stuvlanl  type  of  monolithic  concnte  sKm  ccouti 
Id  Richmond.  Ind,  itad  tke  cost  per  Daeti  foot  of  laboi  to  construct  a 

42-111.  and  18-1d,  sewet. 


Pia.   6. — Labor  cort  of  building  monalitliic  i 


la  Fig.  S  the  coBtB  are  plotted  on  the  following  basis: 
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The  principal  dlmaDsloiis  of  the  irip«  are  u  tollom: 

Inude  diameter,  in.  Thickueu  "T,"  iuo.  Volame  conerets,  en.  ft 


Cost  of  e-Ft.  Seml-elteulBT  Coacietc  Storm  Viter  Sewer,  Vebb  Cilj,  Ho. 
B.  W.  Rotiinson  gine  tbe  following  coata  In  EngliieeTliig  aod  CoDtncttnt. 
July  9,  19l3.  at  coDstnictlnc  1S4  ft.  of  atonn  water  eewer  through  >  lumtMi 


Bhowing  deaiga  For  form  used. 

The  section  shown  in  Fig,  fl  was  selected  for  the  reaaon  that  aufflcient  depth 
waa  not  av^able  for  a  circular  section  of  the  same  area.  Even  as  constructed 
the  top  of  the  concrete  was  onl;  slightly  over  1  ft.  below  the  surface  of  the 
ground.  A  Sat  reinforced  top  was  not  used  for  the  reason  that  it  would  hav* 
coat  more,  concrete  niaterlala  being  so  cheap  In  this  district  that  it  pays  to 
reduce  or  eliminate  steel  wherever  possible.  The  only  reinforcing  used  was 
under  tbe  cement  house  where  three  piers  that  support  one  end  of  the  house 
reel  on  the  crown  of  the  arch.  Three  >j-in.  round  rods  were  inserted  undei 
each  pier  as  an  additional  factor  of  safety. 

The  eicavated  material  was  creek  gravel  and  clay,  mostly  Oil,  and  was  oasQj 
loosened  and  removed.  From  the  cement  house  to  the  upper  end  tbe  eicava- 
tlon  was  carried  on  by  means  of  a  plow  and  slip  scrapers.  All  other  excava- 
tion was  taken  out  with  pick  and  shovel  and  reshoveled  into  wagons  whidi 
were  dumped  about  100  yds.  from  the  site.  No  supports  were  needed  under 
the  projecting  end  of  the  cement  shed  for  the  reason  that  It  was  nearly  empty 
all  the  time  and  was  well  supported  by  numerous  other  pleie.  The  total  ccM 
for  eicavating  359  cu.  yds.  was  (95.72,  or  a  unit  cost  of  about  37  eta.  per  cubic 

Tbe  base  or  Invert  was  first  concreted  and  allowed  to  set  before  tbe  arch  was 
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started.    Two-by-dz  pieces  were  used  for  the  side  forms,  and  were  set  accur- 
ately to  line  and  grade  from  a  line  of  center  stakes.    A  Coltrin  continuous 
mixer,  No.  9,  was  mounted  upon  the  bank  of  the  trench  and  the  concrete  was 
chuted  into  the  ditch  and  wheeled  some  50  ft.  each  way.    The  concrete  was 
placed  to  approximately  the  proper  thickness,  tamped  well  and  shaped  to  the 
exact  contour  with  a  drag  cut  to  the  proper  radius.     From  K  to  >^  in.  of  1  to 
2  cement  mortar  was  troweled  on  the  invert  before  the  concrete  had  taken  its 
initial  set.    The  side  walls  were  brought  up  1^  ins.  above  the  base  by  laying 
2  X  4-in.  scantlings  on  the  finish  and  holding  them  in  place  by  short  pieces 
nailed  to  the  side  forms  and  by  filling  behind  with  concrete  to  the  top.     This 
was  done  to  allow  the  arch  forms  to  be  wedged  up  and  not  let  concrete  flow 
under  the  sides.    Gravel  was  brought  to  the  mixer  by  wagons,  and  three  men 
at  the  machine  kept  up  a  continuous  flow  of  concrete  into  the  trench.    Three 
men  placed,  tamped  and  dragged  the  concrete  and  two  m^i  mixed  and  placed 
the  mortar  finish.    The  whole  33  cu.  yds.  of  concrete  in  the  invert  was  placed 
in  nine  hours,  though  some  time  was  lost  in  getting  gravel  to  the  feeder  and  in 
moving  the  machine. 

The  form  of  arch  centering  used  is  shown  in  Fig.  6.    Two  16-ft.  sections 

were  made,  consisting  of  No.  2  yellow  pine  flooring  nailed  to  ribs  consisting 

of  two  thicknesses  of  ^-in.  pine  about  6  ins.  in  depth.    The  ribs  were  cut  at 

the  crown  and  were  hinged  with  6-in.  strap  hinges.    The  bottoms  were  held 

so  as  to  be  rigid  yet  easily  taken  off.    There  were  seven  ribs  to  each  section, 

spaced  2  ft.  6  ins.  c.  to  c.    Each  section  complete  weighed  about  750  lbs.  and 

was  easily  handled.    The  first  section  or  arch  that  was  concreted  was  not 

wedged  far  enough  up  off  the  base  at  the  center,  which  with  the  swelling  of  the 

wood  caused  an  exceeding  tight  fit,  and  it  was  necessary  to  take  off  th^hinges 

at  the  crown  and  take  the  centering  out  in  halves.     However  no  other  trouble 

was  experienced,  and  four  men  would  take  down  and  s^  up  both  outside  and 

/aside  forms  for  a  15-ft.  section  in  an  hour.     The  outside  forms  consisted  of 

No.  2  1  X  4-in.  yellow  pine  nailed  to  2  X  4-in.  ribs,  made  up  in  16-ft.  sections. 

They  reached  from  the  bottom  up  to  about  two-thirds  of  the  heighth  of  the 

arch,  and  were  held  in  place  by  stakes  and  braces  from  the  bank  of  the  trench. 

In  mJTring  and  placing  for  the  arch  the  concrete  could  not  be  chuted  into 

place  for  the  reason  that  the  top  of  the  forms  were  so  near  the  level  of  the 

ground.     One  man  shoveled  from  the  mixer  and  two  men  placed  and  tamped 

it.     The  concrete  for  the  lower  part  of  the  arch,  as  far  as  the  outside  forms 

extended,  was  mixed  wet  enough  to  flow  easily  into  place  ahd  required  tittle 

tampiniT*  but  the  top  was  mixed  with  less  water,  just  enough  being  used  to 

permit  tamping  the  concrete  thoroughly  and  yet  have  it  stay  in  place.     Five 

men  ^;vould  complete  a  15-ft.  section  of  arch  in  two  hours,  consisting  oi  one 

hour  actual  run  and  one  hour  of  preparation  and  cleaning  up.    The  construo- 

tioD.  of  the  arch  was  started  at  the  center  of  the  sewer  and  alternate  sections 

were  built  each  way  each  day.    This  allowed  the  ccmcrete  48  hours  to  set 

before  removing  the  centering. 

All  concrete  was  mixed  in  the  proportion  of  one  part  Portland  cement  to 
five  parts  of  "chats"  or  "mill  tailings."  The  latter  is  the  by-product  of  the 
zinc  and  lead  mines  of  this  district  and  can  be  had  for  the  hauling.  In  this 
case  the  nearest  suitable  pile  was  at  such  a  distance  that  1  cu.  yd.  an  hour  was 
the  best  the  teamsters  could  do.  It  consists  of  crushed  white  and  blue  flint 
T^B^ng  in  size  from  K«  to  K  in.  in  size,  with  sufficient  of  the  finer  material 
to  practically  fill  the  voids  in  the  larger.  When  mixed  wet  in  the  proportion 
of  1  to  5  a  very  dense  concrete  was  produced. 
45 
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The  following  data  give  the  actual  cost,  eaaxipt  oyerhead  charges  and  bock 
filling,  reduced  to  lineal  foot  of  sewer: 

Total 
Lineal  lineal 

ft.  of  ft.  of 

_  ,  sewer  sewer 

£xoavatioii: 

259  cu.  yds.  at  37  ots $0.5202       $0.5202 

Lumber  (two  2  X  6)  2  ft.  B.  M.  at  2K  cts 0.0450 

Labor,  two  men  0.153  hrs.  at  22%  cts 0.0338 


Base — concrete  in  place  (1.18  cu.  yds.  per  lin.  ft.): 

Foreman,  at  30^  cts.  per  hr 0. 0299 

Laborers,  8,  at  22%  cts.  per  hr 0 .  1304 

Mixing  machine,  at  $1  per  hr 0 .  0489 

Cement,  $1.60  oer  bbl.  on  job 0.3152 

Gravel,  at  38%^ cts.  per  cu.  yd.  on  job 0.0655 

Sand,  at  8  cts.  per  cwt.  on  job 0.0156 

Arch — forms  (two  15-ft.  sections): 

Mill  work  on  circles,  labor  and  material 0. 1033 

Hinges,  nails,  wedges,  etc 0.0258 

Lumber,  at  $2.75  and  $2.25  per  100,100  ft.  B.  M 0.0680 

Labor,  2  men,  at  25  cts.  per  nr 0. 0245 


0.0788 


0.6055 


0.2216 


Arch — concrete  in  place  (0.237  cu.  yds.  per  lin.  ft.): 

Foreman,  at  30%  cts.  per  hr 0. 0598 

Laborers,  5,  at  22%  cts.  per  hr 0. 2265 

Mixing  machine,  at  $1  per  hr 0. 0745 

Gravel,  at  38%  cts.  per  cu.  yd.  on  job 0.0923 

Cement  at$1.60  per  bbl.  on  job 0. 6043 

•  1.0574 

Total  per  lin  ft.  sewer $2. 4835 

Total  per  cu.  yd.  of  concrete 5. 956 


Nine  hours  was  a  day's  work  and  common  labor  was  i>aad  $2  per  day  for 
concreting  and  $  1 .75  for  excavation.  The  above  price  for  eoccavation  included 
a  foreman  at  $2.75  per  day  and  teams  at  $3.50  per  day.  The  mixing  machine 
belonged  to  a  local  contractor  and  was  raited  for  $1  per  hour.  The  work  was 
stopped  twice  on  account  of  rain,  but  most  of  the  time  the  weather  was  ideal 
for  concreting. 

Cost  of  a  Large  Concrete  Sewer. — ^E.  T.  Thuiston  gives  the  following  in 
Engineering  and  Contracting,  Sept.  12,  1917. 

The  work  consisted  of  the  complete  construction  of  450  ft.  Off  ^ft.  6-in.  X 
9-ft.  standard  horseshoe  section,  reinforced  ccmcrete  sewer,  100  ft.  8-ft.  6-in. 
X  9-ft.  extra  heavy,  horseshoe  section,  reinforced  concrete  sewer  under  a  4- 
track  main  line  railroad  crossing,  908  ft.  7-ft.  6-in.  diameter,  circular-section, 
reinforced  concrete  sewer  with  vitrified  brick  invert,  and  2,695  ft.  5-ft.  2-in.  X 
7-ft.  9-in.  egg-shape,  reinforced  concrete  sewer  with  brick  invert  (including  a 
90**  curve  of  21  ft.  radius  and  two  10-ft.  taper  sections  connecting  the  respec- 
tive standard  sections),  representing  a  total  length  of  4473  ft.  <tf  sewer. 
Auxiliary  structures  comprising  18  standard  brick  manholes,  26  concrete 
catch  basins  and  catch-basin  connections  consisting  of  79  ft.  of  18-in.  vitrified 
pipe  and  1,724  ft.  of  12-in.  vitrified  pipe  are  not  included.    The  sewer  for 
most  of  its  length  runs  in  a  100-ft.  street,  its  center  line  being  located  22  ft. 
from  the  center  line  of  the  street,  and  from  8  to  10  ft.  from  the  center  line  of  a 
single-track  dectric  street  railway,  the  operation  of  which  ww  suspended 


t  from  0  ft.  to  20  ft.  S  In. 


during  construction.    The  lequlnd  excsraUon  w 
deep,  averaelng  15  It.  3  In. 

Fortheflist  1,000  It.  the  excavation  avenged  lift.  In  depth  through  a  layer 
of  heavy,  black  gumbo  about  C  ft.  thick.  overlTing  black,  inuddy  silt  canying 
coosiderable  water  and  In  places  approzlmatlog  quicksand.  The  craidltions 
required  close  sheeting  and  heavy  timbering  and  much  trouble  was  had  with 
sloughing  sides  and  seeping  water.  This  changed  gradually  to  stiff  yellow 
(^ay  mixed  with  black  gumbo  oreilTlDg  water-bearing  gravel  and  floally  to 
very  still  yellow  day.  difficult  for  tbe  8t«am  shovel  to  handle  without 
the  assistance  ol  Its  crowding  engine.  For  two-thirds  the  length  ol  the  trench 
the  ground  required  constant  attention  and  careful  shoring  to  ensure  against 
cave-ins  Ten  street  InteraectlODS  weie  crossed,  sli  itf  which  carried  live 
eeners  uid  water  mains  and  one  carried  a  4-trBck.  main^line  rollToad,  one  a 
z-track  Interuibon  lailnnd  uid  one  a  3-track  electric  street  railway,  a  concrete 
sewer  culvert  and  a  netwoA  of  heavy  water  mains.  The  work  waa  com- 
menced in  the  middle  of  Much,  ISU,  and  was  completed  with  the  end  of 
October.  1014. 

Orfaniiatiim  and  Eqaipmmt. — The  original  working  equipment  Coodeted 
of  a  steam  shovel,  two  concrete  mixers  supported  on  trucka,  charging  barrows. 
coDCrete  hoppers  and  chutes.  3-yd.  dump  wagona,  «Up  scrapera,  2  diaphragm 
pumps,  1  gas-driven  centiifugal  pun^  and  miscrilaneous  small  totria  Buch  as 
staovele.  picks,  mattocks,  Qerman  hoes.  etc.  A.  locomotive  crane  with  equlp- 
rnemt  of  dump  buckets  was  added  later. 

The  working  force  consisted  of  a  superintendent,  a  lime-keqier.  an  engineer. 
6  foremen  [overseeing  respectively  the  flnlshlng  of  the  excavation,  the 
shoring  and  lagging  of  the  trench,  the  conetete  work,  the  steal  relntorce- 
nient,  the  handling  of  toims  and  the  extra  gang  constructing  catch- 
basios  and  outlying  manholes  and  connections  with  same,  gutters,  curbs, 
etc.).  tbe  steam  shovrt  crew,  a  general  mechanic,  carpenters  and  tabor- 
era  :  to  which  was  subsequently  added  an  engineer  and  a  signal-man  for  the 
locomotive  crane. 

The  superintendent  bad  active  general  charge  of  the  work,  assisted  by 
the  engineer,  who  In  addition  attended  to  overseeing  the  manufacture  and 
bandllng  ol  the  forms  and  the  bending  <tf  sted  rolnforcement,  the  forma  tielng 
designed  at  the  main  office,  the  ribs  sawed  out  to  order  in  a  planing  mill  and 
the  forma  made  up  on  tiie  Job.  Had  it  not  been  impossible  at  the  commence- 
ment of  the  work  to  secure  a  general  superlntendmt  that  was  competent  to 
read  and  interpret  plans  and  specifications,  the  engineer  would  not  been 
aecessary,  and  during  the  latter  half  of  the  wtwk  hts  services  were  dispensed 
with. 

Tbe  timekeeper  kept  a  carefully  segregated  record  of  time,  employing  a 
nnBmonlc  system  of  record  and  making  four  round  tripe  per  day  over  tbe  entire 
voric  to  secure  a  classified  reci>rd.  He  also  assisted  hi  keeping  track  of 
naterials  and  supplies  and  made  out  and  forwarded  the  superintendent's 
lolly  report  to  the  head  ofBce. 

Xbe  excavation  foreman  had  chaige  of  a  gang  of  about  30  laborers  which 
allotved  the  steam  sliovd.  shored  or  lagged  the  trench,  flnlahed  the  trench  la 
Ize.  line  and  grade  by  templet,  excavated  street  crossings  and  installed  the 
aderdiatns.  The  excavated  material  was  handled  out  of  the  ditch  by  stages. 
Xbe  concrete  foreman  supervised  tbe  work  of  a  gang  of  10  men  miiing  and 
laciDg  concrete  and  asslstlag  the  foreman  carpenter  in  handling  ttie  forms. 
Xbe  steel  foreman  had  om  or 
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placing  reinfoTcement  the  gang  was  kept  fairly  busy  bending  it  into  the  shape 
required. 

The  foreman  in  charge  of  the  extra  gang  had  a  dozen  or  more  men,  depend- 
ing on  the  demands  of  the  more  important  part  of  the  general  work. 

General  Plan  of  Operation, — ^This  required  that  the  finishing  gang  keep  close 
behind  the  steam  shovel,  but  owing  to  the  fact  that  the  latter  was  limited  in 
depth  of  cut  to  about  16  ft.  and  as  the  ground  was  of  an  extremely  unstable 
nature  and  the  excavated  material  very  wet  and  difficult  to  handle,  it  was  found 
impossible  even  approximately  to  follow  this  plan.  The  fact  that  the  street 
crossings  had  to  be  excavated  entirely  by  hand  also  delayed  the  progress  of 
the  finishing  gang.  For  this  reason  the  numerous  delays  in  the  steam-shovel 
work  really  retarded  the  general  progress  very  little.  At  one  time  the  shovel 
was  850  ft.  ahead  of  the  finishing  gang. 

After  the  trench  had  been  finished  to  exact  size  and  underdrain  installed, 
the  invert  reinforcement  was  placed,  then  the  invert  forma,  after  which  the 
first  of  the  two  mixers  was  moved  into  place  and  the  invert  poured.  At  the 
expiration  of  two  days  the  forms  were  removed  and  brick  invert,  if  any  was 
required,  laid,  after  which  the  arch  reinforcement  was  placed;  then  the  arch 
forms  set  in  place  and  braced,  and  the  balance  of  the  concrete  poured  with  the 
second  mixer.  The  sides  were  poured  first  and  after  the  concrete  had  set  the 
wing  forms  were  adjusted  and  braced  and  the  top  poured,  the  sides  and  arch 
generally,  but  not  necessarily,  being  poured  on  different  days. 

After  sufficient  time,  in  the  opinion  of  the  inspectors,  had  elapsed,  generally 
about  a  week,  backfilling  was  proceeded  with  by  loeans  of  a  team  with  slip 
scraper,  driver  and  holder,  scraping  into  the  trench  that  portion  of  the  exca- 
vated material  that  had  been  dumped  alongside  for  that  purpose.  The  loose 
fill  being  thus  completed  up  to  within  about  a  foot  of  the  surface  of  the  ground 
the  whole  ditch  was  fiooded.  Additional  fill  to  bring  the  trench  up  to  sub- 
grade  was  brought  by  team  direct  from  the  steam-shovel  excavation.  The 
trench  being  thus  filled  practically  to  the  level  of  the  pavement  it  was  left 
until  near  the  end  of  the  job  when  the  entire  work  of  repavlng  was  done  as  one 
Job. 

Excavation. — The  main  excavation  was  done  with  a  steam  shovel  mounted 
on  trussed  cross-timbers  supported  on  hardwood  rollers  running  on  boards 
laid  on  either  side  of  the  proposed  trench,  spanning  about  20  ft.  on  centers, 
the  outfit  pulling  itself  along  as  required  by  means  of  a  cable  attached  to  a 
deadman  ahead.  The  shovel  was  esi>ecially  equipped  with  a  1-cu.  yd.  dipper 
on  a  long  dipper  stick  enabling  it  as  mounted  to  dig  about  16  ft.  below  ^rade. 

The  outfit,  assembled  as  described,  just  as  it  had  been  returned  from  a 
similar  job  some  3  years  before  was  rented  for  $250  per  month  on  the  assurance 
that  the  boiler  and  engine,  though  dirty  and  rusty,  were  in  good  working^  order, 
the  boiler  having  received  new  tubes  just  before  it  was  laid  up  in  the  yard. 
Two  days  overhauling  and  inspection  by  a  complete  crew  and  the  contractor's 
supervision  engineer  resulted  in  a  favorable  report  on  the  shovel,  but,  within 
the  rental  period,  the  boiler  tubes  were  rerolled  until  they  had  to  be  reinforced, 
the  boiler  required  sheathing  and  a  new  idler  pulley,  new  bronze  gear  pinion. 
new  friction  strap  and  shoes,  and  ultimately  an  entire  renewal  of  the  crowding 
engine  were  necessary.  Minor  troubles,  »i(di  as  chain  breakage,  were  of 
about  daily  occurrence  and  probably  doubled  the  reasonable  cost  of  operation. 

Rental  was  paid  for  161  calendar  days.  Of  these,  22  days  were  required 
in  moving  from  storage  to  job  and  return;  20  days  were  holidays  or  rainy  days 
and  15  days  were  lost  on  account  of  jurisdictional  diq)ute0  between  labor 
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The  best  day's  perfonnance  of  the  shovel  was  109  Un.  ft.  of  trench  or  about 
345  cu.  yd.  excavatmg  to  a  depth  of  about  12  ft.  6  in.  Toward  the  end  of  the 
job,  while  excavating  to  its  maximum  depth  of  16  ft.,  Its  best  day's  work  was 
60  ft.  of  trench  or  220  cu.  yd.  The  shovel  averaged  194  cu.  yd.  for  each  day 
in  which  digging  was  done  and  125  cu.  yd.  for  each  available  working  day. 
In  considering  the  performance  record  it  should  be  borne  in  mind  that  the 
necessity  for  stering  a  portion  of  the  ^ccavated  material  aloi^  the  trench  for 
subsequent  backfill  enabled  the  shovel  to  keep  at  work  regardless  of  whether 
the  dimip  wagons  were  spotted  promptly  for  loading,  thus  materially  reducing 
what  is  usually  the  controlling  factor  in  steam-shovel  output. 

Hand  Exeavation  and  Trimming. — The  finishing  gang  with  picks,  shovels, 
German  hoes  and  mattocks,  did  all  the  excavation  left  by  the  steam  shovel, 
and  finished  the  trench  carefully  to  size,  shape,  line  and  grade  and  laid  an 
underdrain  of  4-in.  tile  covered  with  gravel  which  carried  the  seepage  water 
to  sumps  constructed  at  intervals  of  about  600  ft.,  which  in  turn  were  reUeved 
by  an  electrically  (^)eiated,  2-in.  centrifugal  pump,  tended  chiefly  by  the 
general  mechanic.  During  the  first  two  months 'the  gang  comprised  about 
30  laborers  at  $2.50  per  day  (8  hours),  a  straw  boss  and  interpreter  (Italian) 
at  $3.75,  and  a  foreman  at  $5.  The  excavated  material  was  shoveled  by 
stages  to  the  surface  of  the  ground  and  thence  into  wagons.  This  portion  qH 
the  work  in  particular  was  in  very  wet  ground,  necessitating  the  construction 
of  dams  of  sacks  of  sand  and  the  use  of  a  2"in.  centrifugal  pump  and  a  3-in. 
diaphragm  pump.  Latterly,  a  5-ton  locomotive  crane  with  outfit  of  dump 
buckets  was  secured  and  mounted  on  the  street  car  track  alongside  the  trench, 
greatly  facilitating  the  work.  There  was  less  mud  to  contend  with  in  the 
portion  of  the  trench  served  by  the  crane. 

Preceding  the  finishing  gang  and  immediately  behind  the  steam  shovel,  a 
lagging  gang  of  from  2  to  5  men  at  $2.50  and  $2.75  per  day,  under  a  foreman  at 
$4  per  day,  placed  necessary  shoring  and  lagging.  The  bracing,  where  sheet- 
ing, was  required,  comprised  2  lines  of  6  X  8  rangers  on  either  side  with  6  X 
8  spreaders  on  6  to  8-ft.  centers  imd  2-in.  X  12-in.  sheeting  was  driven  b^iind 
these  rangers,  a  total  of  29,000  ft.  B.  M.;  2-in.  plank  was  used  for  this  lagging, 
very  Uttle  of  which  was  recovered  intact.  In  addition  16,00  ft.  B.  M. 
Oregon  pine  lumber  were  used  for  rangers,  spreaders,  etc. 

The  total  cost  of  deepening  and  finishing  trenches  to  templet  after  rough 
work  had  been  done  by  the  steam  shovel  (except  at  street  crossings  which  the 
shovel  had  to  skip  and  which,  therefore,  was  all  hand  work)  and  depositing 
material  either  in  spoil  bank  or  in  wagons  (except  the  section  through  unim- 
proved street,  which  was  all  hand  work  under  superior  working  conditions  and 
from  which  all  material  was  spoiled  along  the  tr^ich)  was  as  follows,  laboius 
receiving  $2.50  and  $2.75  per  day  and  foreman  $3  per  day: 


Quantity,  Per 

cu.  yd.        Mat'l.       Labor        Total  eu.  yd. 

Hand  work,  by  stages 1,800        $ $4,382    $4,382         S2.43 

Hand     work,      crane     and 

bucket 3, 100  766 

Hand     work,     by     stages, 
through  unimproved 

street 1.700         

Tools,  etc 422 


Labor 
$4,382 

Total 
$  4,382 

3,069* 

3,825 

1.553 
68 

1,653 
480 

Total 6.600        $1,188       $9,052     $10,240 


SEWiSKS 


MsCl. 

Rent,  mne  (M  days) Kit 

Rent,  bucket. 63 

Freisht  uid  cartac* - . , lA 

Seaewili  tod  repain S 

Fuel,  oU,etF 6S 

Crew  (eDpnecr  and  eienalmap)  -^.-.-  - ,  - ,  -  ,  - . . 

CompeDiBtiaii  iiwuruiae Sfi 

ToUl 

(3.100 «u.  yd.  handled.) 
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—The  tomu  toe  iuvcn,  aidw  kOd  aicli  itf  each  atuidud  aectk>ii  were 
IK-in.  mUd  and  IK^n.  BOd  Z^-iiL  built-up  ribs,  uul  1  x  3 
ud  1X6  tMMHie  uid  f^roove  iheathlDi;.  The  riba  were  aawn  to  deull, 
ddirered  trom  miU  to  job  \a  the  knockdown  and  there,  with  •heathlog.  asaem- 
Med  Into  unlta.  The  Invert  units  were  made  In  one  piece,  but  those  of  the 
uch  in  tluee  pieces  designed  to  coU^xe  on  removal  of  separBtor  at  bottom 
and  be  moved  forward  in  aectksu.  The  accb  and  Invert  lorou  (oi  the  two 
10-tt,  \Kpet  Bectiuia.  Joining  wwen  <i  different  abape  and  size,  were  built  In 
place  on  libs  delivered  eawn  to  detaU.  The  forma  lor  a  90°  band  of  21'ft. 
radius  were  assembled  and  built  in  three  seotions  oomprlslnc  aroh  and  aides 
Intact,  and  three  Invert  sections,  on  ribs  taken  from  discarded  straight  units, 
and  lowered  into  place  bodll;. 

The  forma  for  tbe  B-ft.  ^In.  X  Mt.  lioraeshae«bape  and  the  7-f(.  S-ln. 
circular  sewers  were  made  la  uidts  10  It.  loni,  but  these  wen  lound  too  bulky 
and  tbe  rorms  for  tbe  ardh  and  gldaa  tt  the  G-It.  »-la.  X  T-fl.  6-ln.  egc-Hhape 
sewer  were  ttaeretme  made  in  B^t.  units;  300  It.  of  arch  and  100  ft.  of  Invert 
forma  were  made  for  the  horsedtoe^haiw  eewer,  200  ft.  of  arch  and  invert 
foims  for  the  circular  eewei,  and  330  ft.  arch  and  IDO-ft.  Invert  forms  fortba 
9  quontltr  was  about  right  for  the  last-named,  but 
y  about  £0  per  cent  for  tbe  others,  due  to  errone- 
ous aDtlclpatloD  of  wocldng  condltlODS.  Tbe  mill  work  on  these  buUt-Up 
nba  coet  about  «23  per  M  ft.  and  on  tbe  solid  riba  |10  per  M  ft. 

Hie  labor  coat  per  foot  of  sewer  built  was  *a  [ollowa.  carpenter's  wagea 
averaging  O.fiOperday:  M^dag  forms,  eiduslve  of  mlllwork,  10.2  ct. ,  placing 
and  removing  forms  51.6  ct.:  making,  placing  and  stripping  forma  lor  curve. 
ts,52  per  toot.  The  forms  were  greased  with  crude  oil  to  FadUtate  stripping 
and  the  abutting  rlba  of  adjololn^  sectlaos  were  connected  by  special  holla 
with  looBB  threads  and  thumb  nuta,  Ihus  largely  obviating  the  use  of  wrenches 
ami  accelerating  the  work  of  stripping  and  erecting. 

The  wfiig"or  outer  arcb  forma  for  the  horseshoe  and  circular  sewers  were 
made  up  in  lo-ft.  lanstha-of  aheet  ateel  reinforced  with  flat  ban.  Butnclent  to 
form  SO  tt.  of  aewer.  It  was  considered  that  these  forma,  which  were  ao  iiiode 
as  to  be  adjuatable,  by  rebending  over  a  form,  to  suit  the  varying  extradosol 
curratiire,  would  serve  the  entire  Job,  but  the;  proved  somewhat  awkward  to 
handle  and  were  not  used  for  the  eee-ahape  sewer,  wooden  forma  being 
BubaUtutad. 

ttein/oTcement. — The  bars  were  bent  to  templet  In  the  materiul  saxi  close 
by  and  brought  to  the  job  ready  to  place.     To  avoid  treading  the  Invert 
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reinforomnent  into  the  mud  at  the  bottom  of  the  trea<^,  it  was  neceesary  to 
lay  boards  in  the  bottom  and  to  tie  the  bars  to  position  after  the  invert  forms 
were  in  place,  after  which  the  boards  were  removed.  The  arch  reinforcement 
was  placed  before  the  forms  were  set  and  rigidly  tied  and  braced  to  podtioa. 
The  arch  bars  were  required  to  be  bent  slightly  but  sharply  18  in.  from  each 
end  so  that  when  wired  at  the  angle  points  to  the  invert  bars  they  were  in 
exact  position.  This  expedient  was  noticeably  efifective  in  speeding  up  the 
work.  In  all  174,300  lb.  of  reinforcing  steel  was  used,  averaging  56.4  lb.  per 
cubic  yard  concrete,  and  cost  to  handle  68  ct.  per  100  lb.,  with  labor  averaging 
$2.87M  per  day. 

Concrete. — The  si>ecifications  provided :  "  All  concrete  used  in  the  work  shaU 
be  composed  of  Portland  cement,  sand  and  broken  rock  or  cement  and  gravel 
in  the  proportion  of  1  cu.  ft.  of  cement  to  2  cu.  ft.  of  sand  and  4  cu.  ft.  of  stone." 

The  contractor's  choice  of  a  concrete  plant  was  governed  by  the  experience 
of  another  contractor  on  a  similar  job  in  a  nearby  locality  and  by  the  fact  that 
a  complete  outfit  of  two  mixers  mounted  on  cross-timbers,  with  ga»-6Dgine 
power,  trucks  and  rails  complete,  was  ready  to  hand  at  a  fair  rental.  The 
rails  were  laid  on  heavy  longitudinal  timbers  on  either  side  of  the  trench  and 
the  mixers  mounted  directly  over  the  center  of  the  sewer.  One.  mixer  was 
placed  ahead  to  pour  invert  and  the  othw  followed  to  pour  the  arch.  This 
plan  was  adopted  to  avoid  delay  involved  in  moving -the  heavy  machinery 
back  and  forth,  for  the  invert  progressed  at  times  200  ft.  ahead  of  the  arch. 

The  outfit  was  expensive  to  install  (this  item  amounting  to  about  $300), 
difficult  and  expensive  to  move  (requiring  the  entire  concrete  gang,  a  team 
of  horses  and  the  undivided  attention  of  the  superintendent)  gave  frequent 
trouble  and  often  flatly  refused  to  perform  at  critical  momoits;  and  the  Bedash- 
ing and  dripping  of  the  concrete  out  of  the  mixer  on  the  workmen  beneath 
rendered  the  working  conditions  decidedly  unsatisfactcny.  After  three 
months  of  trsring  experience,  a  new  12-cu.  ft.  mixe^  on  trucks  and  equipped 
with  side  loader  and  electric  motor  was  substituted.  The  new  outfit  w<Hrked 
alongside  the  trench  and  delivered  the  concrete  to  the  forms  by  means  of  open 
metal  chutes.  It  was  specially  fitted  to  be  operated,  fore  and  aft,  by  one 
man,  was  easily  moved  and  the  labor  cost  of  mixing  and  placing  the  concrete 
was  thereby  reduced  40  per  cent.  The  progress  of  the  concreting  was  not 
chiefly  dependent  on  the  capacity  <rf  the  plant,  but  on  the  advanottnent  of 
other  portions  of  the  work,  mainly  the  preparaticm  of  the  trench. 

The  forecasting  of  the  work  was  assisted  by  the  following  table  (Table  I)  of 
roughly  approximate  unit  quantities,  from  which  delivery  and  piaoementof 
material  was  determined  and  performance  of  the  gang  judged  during  the  prog- 
ress of  the  work. 

Table  I. — Appboximate  Unit  Quantities  * 

8'  6"  X  9'  0"  8'  6"  X  9'  0"     7'  6"  cir.     5'  2"  X  7'  9" 

Type.        ^  — Standard Heavy —  , 

Total    length,    including 

taper  sections 460  ft. 105  ft. 918  ft. 2,700    ft. — 

Invert    Arch  Invert    Arch  Invert    Arch  Invert    Aroh 

Concreteperft.,  cu.  yd..      .315  .685  .430  1.000  .185  .630  .148  .600 

Rock,  per  ft.,  cu.  yd 27  .58  .37  .85  .16  .53  .13  .43 

Sand,  per  ft.,  cu.  yd 14  .29  .19  .43  .08  .27  .07  .22 

Cement,  per  ft.  bbl 45  .98  .62  1.44  .27  .91  .21  .72 

Rock,  per  25  ft.,  cu.  yd. .         7  15  9  21  4         13  3  H 

Sand,  per  25  ft..  cu.  yd..         375  11  272  6 

Cement,  per  25  ft.,  bbl...        12  25  16  36  7        23  5  18 
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record.  Ck>ncrete  was  poured  on  62  days  by  the  former  plant  and  71  days  by 
the  latter  plant,  the  average  outputs  being  22.6  cu.  yd.  and  23.8  cu.  yd., 
respectively,  per  day  worked. 

Cement  cost  $2,375  per  barrel  delivered  in  sacks,  with  an  allowance  of  10 
ct.  each  for  empty  sacks  returned  in  acceptable  condition  (about  70  per  cent  of 
total) ;  sand  and  gravel  $1.40  per  cubic  yard  delivered;  water  at  7  ct.  per  cubic 
yard  of  concrete — ^all  included  in  cost  of  concrete  materials  as  it  appears  in 
the  statement.  The  statement  covers  cost  of  patching,  appljring  the  cement 
wash  specified  for  the  interior  and  final  cleaning  out  of  the  sewer  in  preparation 
for  minute  and  official  inspection. 

Brick  Lining  of  Invert. — The  invert  of  the  circular  and  egg-shape  sewers  was 
lined  with  vitrified  paving  brick,  laid  flat  in  mortar  composed  of  1  part  Port- 
land cement  to  2  parts  quartz  sand.  This  work,  necessarily  intermittent, 
had  an  important  influence  on  the  progress  of  the  job,  rendering  speed,  relia- 
bility and  expertness  on  the  part  of  the  men  especially  desirable.  Slowness 
or  unavailability  on  call  meant  direct  delay,  and  an  uneven  lining  would  greatly 
increase  the  difficulty  of  making  a  tight  joint  between  the  side  arch  forms  and 
the  invert.  The  brick  mason  on  this  work  was  paid  $8  per  day,  his  hodcarrier 
$5,  and  a  laborer  helper  $2.75  for  8  hours,  work.  The  bricks  were  first  piled 
along  either  side  on  the  haunch  of  the  invert  against  the  reinforcing  bars,  and 
then  the  surface  of  the  concrete  swept  and  flushed  clean  and  dusted  with 
cement.  The  hodcarrier  mixed  the  mortar  as  required  and  generally  assisted 
the  mason,  while  the  laborer  kept  them  supplied  with  material  from  above. 
The  labor  cost  of  laying  the  invert  was  4  ct.  per  square  foot,  or  about  $10  per 
1,000  brick.  Although  the  wages  paid  the  mason  and  hodcarrier  bivolved 
an  advance  of  $1 .00  each  per  day  over  the  standard  wages  for  high-grade  work- 
men, the  results  are  deemed  amply  to  have  warranted  the  extra  erpeoab. 

Backfilling. — The  backfilling  was  accomplished  in  part  by  wagon  dump  direct 
from  the  steam-shovel  or  other  excavation,  and  in  part  by  hoveling  and  scrap- 
ing from  the  spoil  bank  left  on  one  side  of  the  trench,  using  a  slip  scraper,  team 
and  driver  at  $6.00  per  day  with  generally  two  men  at  $2.50  and  $2.75  per 
day  to  handle  the  scraper.  The  trench  was  filled  to  a  crown  as  soon  as  conven- 
ient after  completion  of  concrete,  puddled  by  introducing  water  at  thebottcMn 
through  a  pipe  attached  to  the  end  of  a  hose  and  inserted  in  the  ground  and 
allowing  to  run  until  water  appeared  on  the  siuf  ace  of  the  sunken  fill,  after 
which  it  was  allowed  to  stand  and  partially  dry  out  before  adding  more  fill. 
Water  for  this  purpose  was  charged  at  the  rate  of  0.7  ct.  per  lineal  foot  of 
trench  puddled.  It  was  only  after  some  experimenting  and  considerable 
argument  that  the  contractor  was  permitted  to  proceed  in  this  manner,  for 
the  specifications  prescribed  tamping  in  layers;  but  the  method  allowed  proved 
very  satisfactory.  It  is  estimated  that  about  8,200  cu.  yd.  compacted  fill  was 
required  at  a  special  labor  cost  of  about  26  ct.  per  cubic  yard,  which  of  course 
ignores  the  work  of  the  teams  that  worked  directly  between  the  excavation  and 
the  backfill.  A  large  portion  of  this  expense,  amounting  to  10.8  ct.  per  cubic 
yard  of  excavated  material,  or  nearly  10  per  cent  of  the  unusually  high  cost  of 
all  the  trench  work,  would  not  obtain  in  a  well  co-ordinated  job. 

Repating. — The  specifications  for  repaving  contained  what  the  contractor 
termed  a  "joker;*'  for  in  addition  to  providing  as  usual  that  the  pavemait 
where  disturbed  should  be  restored  to  its  original  condition,  it  wa6  further 
provided  "  That  no  pavement  shall  be  laid  on  a  foundation  of  less  than  4  ins. 
of  gravd  or  broken  stone  below  the  original  pavement."  As  the  pavement 
was  oil  macadam  of  substantisdly  its  original  thickness  of  5  to  6  Ins.,  this  meant 
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the  ffiHnewhat  unusual  thickness  for  macadiun  in  this  locality  of  from  9  to 
10  ins.  Coarse  gravel  being  cheaper  than  macadam  rock,  the  contractor,  with 
the  consent  of  the  engineer,  innocently  chose  the  former  for  the  miderlsring 
ballast;  somewhat  to  his  sorrow,  however,  for  not  until  it  had  been  plentifully 
fed  with  scre^iings  did  it  form  a  stable  bed  for  the  macadam  proper. 

The  sub-grade  was  trimmed  by  hand  to  show  a  slight  crown  and  vertical  . 
edges  and  compacted  by  means  of  a  horse  roller,  followed  by  5  and  10-ton 
steam  and  gasoline  rollers.  The  grayel  ballast  was  -delivered  by  rail  in  gondola 
cars  on  a  siding  about  H  mile  average  haul  from  the  woric.  It  was  unloaded 
by  hand  direct  into  bottom  dump  wagons,  deposited  on  the  subgrade  in  piles, 
spread  by  scrapers,  fini^ed  with  shovels  and  rolled  to  a  level  surface  to  receive 
the  macadam.  The  cost  of  preparing  the  subgrade  was  approximately  H 
ct.  per  square  foot,  and  of  spreading  and  finishing  the  ballast  H  ct«  per  square 
foot. 

Hauling  of  Material  by  Motor  Truck. — The  bulk  of  the  macadam  rock  and 
screenings  was  delivered  by  barges  heading  from  250  to  350  cu.  yd.  and  equipped 
with  a  combinaUon  belt>and*bu(^et  ocmveying  system  for  unloading  and  dis- 
charging  into  a  small  wharf  bunker  of  about  15  cu.  yd.  capacity  from  which  5-  < 

yd.  auto  trucks  were  loaded  in  less  thanl  minute.  The  discharging  capacity 
of  the  barge  machinery  was  about  IK  cu.  yd.  per  minute.  The  hauling  of  the 
macadam  material  was  contracted  at  30  ct.  per  cubic  yard,  but  some  record 
was  k^t  cS.  the  perfonnance  of  ttie  trucks  which  may  i>e  of  interest. 

The  first  bargo-load  of  274  cu.  yd.  was  hauled  during  one  day  by  three  good 
trucks,  two  5-yd.  and  one  4-yd.,  averaging  about  three  trips  per  hour.  The 
standard  charges  for  motor-truck  service  were  $25  and  $30  per  9  hours  work 
for  4-yd.  and  5-yd.  trucks,  respectively,  or  say  69  ct.  per  cubic  yard  capacity 
per  hour.  At  this  rate,  if  the  trudES  had  been  hired  by  the  day,  and  had  given 
the  employer  equally  good  service,  the  cost  of  the  hauling  would  have  been 
23  ct.  per  cubic  yard. 

The  second  barge-load  was,  owing  to  unavailability  of  adequate  motor-truck 

service  during  the  daytime,  hauled  between  3: 00  p.m.  and  2: 00«.m.,  eommen- 

ciog  with  one  4-yard  truck,  to  which  others  were  added  from  time  to  time 

until  ultimately  three  4-yd.  and  four  5-yd.  trucks  wne  in  coomiission.    For 

the  three  4-yd.  trudcs,  the  total  truck  hours  on  the  job  were  23.33,  of  which  7.5 

were  time  lost  in  intervals  of  1  hour  or  more  on  account  of  breakdowns  or 

necessity  of  the  drivers,  leaving  the  actual  working  time,  including  minor 

inddental  delays,  15.83  hours  during^  which  they  hauled  132  cu.  yd.    At  the 

standard  service  rate  this  would  represent  a  cost  of  83.4  ct.  i>er  cubic  yard. 

For  the  four  5-yd.  trucks,  the  total  trudc  hours  were  29^5,  of  whidi  20  truck 

hours  represented  legitimate  work  during  which  they  hauled  220  cu.  yd., 

which  would  have  cost  at  the  standard  service  rate  30^  ct.  per  cubic  yard. 

In  addition  to  the  inconvenience  of  working  at  night,  some  of  these  trucks 

were  not  in  the  best  of  condition,  nor  were  all  the  drivers  expert.    Their 

variable  performance  is  indicated  by  the  fact  that  the  average  times  per  round 

trip  for  the  three  4-yd.  trucks  were  24,  30  and  31  minutes,  and  for  the  four  5-yd 

trucks,  21,  27,  29  and  32  minutes,  respectively.    The  haul  of  this  barge-load 

averaged  about  IM  miles. 

Macadamizing. — The  macadam  rock  was  for  the  most  part  dumped  on  the 
ballast,  the  truck  moving  ahead  while  dumping,  adjusting  the  speed  so  as  to 
effect  as  nearly  as  might  be  the  proper  distribution  of  the  rock  along  the  trench. 
Where  the  rock  was  left  in  piles  it  was  spread  by  means  of  a  f resno  scraper 
and  the  entire  surface  of  the  woric  in  place  was  finished  by  laborer  with  shovels 
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and  potato  hooks.  The  acreeniniTB  were  then  shoveled  over  the  entire  siuf aee 
sufficient  almost  to  coyer  all  the  rock,  well  sprinkled  and  rolled  sucoeaBlTely 
with  a  5-ton  and  a  10-ton  steam  or  12-ton  gasoline  roller.  Aocompanyins  tlw 
roller,  a  laborer  spread  additional  screenings  to  fill  the  principal  surface  voids. 
Road  oil  was  then  applied  to  the  specified  amount  of  H  gal*  pw  square  yard, 
on  which  inmiediately  were  spread  screenings  and  rolled  to  a  compact  suifaoe. 
rescreening  as  required  to  take  up  all  surplus  oil. 

The  cost  of  spreading  the  macadam  rock  and  screenings  as  aforedescribed 
was  42H  ct.  per  cubic  yard,  or  nearly  1  ct.  per  square  foot  of  pavement,  with 
labor  at  $2.50  and  team  and  driver  at  $6  per  day  of  eight  hours. 

The  5-ton  roller  was  rented  at  $7  per  day.  the  engineer  was  paid  $6  and  be- 
tween $3  and  $4  per  day  was  expended  for  fuel.  The  10-ton  roller,  including 
engineer  and  fuel,  was  rented  at  $2.50  per  hour,  and  the  12-ton  roller  at  $1.90 
per  hour,  including  engineer  and  fuel.  The  total  cost  of  the  rolling,  including 
subgrade  and  oiled  surface,  amounted  to  about  0.6  ct.  per  square  foot. 

The  oil  was  furnished  and  spread  with  a  standard  spraying  machine  by 
contract  with  a  local  paving  contractor  at  $2  per  barrel  spread.  (Hot  oil  at 
retort  being  quoted  at  $1.65  per  barrel.) 

Jn9uranee. — The  item  of  employes*  compensation  insurance  is  a  oonsider- 
able  one  in  this  class  of  work,  the  premium  rate  being  high  and  many  coat- 
panics  refusing  to  take  the  risk  on  deep  sewer  work.  The  manuid  rate, 
endorsed  by  the  State  Insurance  Fund,  was  14.03  per  cent  of  the  payroll, 
although  the  company  insuring  the  job  cut  this  rate  to  7.72  per  cent.  Every 
pfecaution  was  taken  to  avoid  accident  with  the  result  that  only  one  man  was 
injured  sufficiently  to  require  unusual  attention  or  to  incapacitate  him  for 
work  for  more  than  a  few  hours. 

Averaged  for  8  months  duration  of  work,  the  general  expense,  indusive  of 
overhead,  amounted  to  $104  for  material,  and  $413  for  labor  per  month,  or 
2^  per  cent  and  12>$  per  cent  of  the  ree.pective  net  totals  excluding  insurance. 
The  fact  that  this  total  general  expense  amounted  to  15>4  per  cent  of  the 
actual  co6t  of  material  and  labor  is  interesting  in  view  of  the  engineer's 
interpretation  of  the  contract  provision  that  extra  work  should  be  paid  tor  at 
''actual  cost  as  estimated  by  the  City  Engineer"  (making  no  allowance  for 
the  use  of  tods,  plant  or  general  superintendence)  "  plus  15  per  cent  for  profit'* 
Under  the  engineer's  interpretation  the  contractor  was  not  permitted  to  appor- 
tion any  of  the  time  of  the  superintendent,  timekeeper,  or  other  miscellaneous 
expense,  to  extra  work.  It  is  a  not  uncommon  notion  of  engineers  and 
architects  that  a  15  per  cent,  or  even  a  10  per  cent,  allowance,  over  and  above 
actual  cost  of  labor  and  material,  is  ample  to  cover  general  expense  and  profit 
on  extra  work.  As  a  rule  extra  work  imposes  on  the  contractor  trouble  and 
expense  out  of  proportion  to  the  average  for  the  job  and  the  fact  cannot  be  too 
clearly  impressed  upon  the  minds  of  engineers  and  architects  that  it  is  this 
general  annoyance  and  expense  that  entitles  him  to  a  fair,  clear  profit  over  all 
estimable  items  of  expense  entering  into  the  work. 

Labor  Cost  of  8-Ft.  Concrete  Sewer. — The  following  data  are  given  in 
Engineering  and  Contracting.  Feb.  14,  1917. 

The  reinforced  concrete  sewer.  96  in.  interior  diameter  was  built  by  contract 
in  an  eastern  city.    The  excavation  was  in  sandy  loam,  not  difficult  to  dig. 

There  was  no  pavement  removed,  for  this  was  a  section  of  the  city  having 
few  reBJdenoee. 
The  oMth  was  loaded  into  buckets  that  weTe\d\.««\b>'  «.^«rcvc>L%xv^^>uu^ft&. 
Miaagaide  or  into  Koppel  cars,  such  portion  co\n«  rnXo  v"^^  «*s^  *»  'w^  ^^ 
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used  in  backfilling.  The  derrick  was  mounted  on  the  forward  end  of  a  plat- 
form that  spanned  the  trench  and  ran  on  wheels.  On  the  same  platform, 
but  at  the  rear,  was  another  derrick  used  in  handling  buckets  of  concrete. 

Water  was  encountered  about  2  ft.  above  the  bottom  of  the  trraich,  and  two 
Pulsometer  pumps  were  usually  kept  busy  handling  this  water.  The  pumps 
received  their  steam  from  the  boiler  that  suppUed  the  hoisting  engines. 

The  following  was  the  organization  of  the  gang  engaged  in  building  the 
sewer: 

Per  day 

1  superintendent  at  $6 $  g.oo 

1  en^eman  at  93.50 3,50 

1  bolster  (one  engine)  at  $2 2.00 

2  tagmen  at  $1.65 3,30 

10  men  excavating  earth  at  $1.65 16. 60 

2  men  on  dump  cars  at  $1.65 3.30 

1  bracer  (carpenter  on  bracing)  at  $3 3.00 

2  bracer's  helpers  at  $1.65 3.30 

2  men  laying  bottom  planks  at  $1.65 3.30 

and  moving  pumps,  etc.,  $1.65 3.30 

3  men  pulling  sheeting  at  $1.75 5. 25 

16  men  mixing  and  placing  concrete  at  $1.65 26.40 

3  men  on  forms  at  $1.75 5.25 

1  water  boy  at  $1 , 1 .00 

Total $85.40 

Coal  and  oil  cost  about  $5  per  working  day  of  10  hours. 
During  half  a  year  the  actual  field  cost  of  the  labor  on  this  sewer  was  $7.86 
per  lin.  ft.,  distributed  as  follows: 

Per  lin.  ft. 

Excavation $1 .  80 

Placing  sheeting  and  bracing 0. 58 

Placing  bottom  plank 0. 17 

Pulling  sheeting. 0.45 

Backfilling 0.33 

Making  and  placing  concrete  invert 1 .  17 

Making  and  {placing  concrete  arch 1 .  54 

Lajdng  brick  in  invert 0 .  29 

Bending  and  placing  reinforcing  steel  in  arch 0 .  20 

Bending  and  placing  reinforcing  steel  in  invert 0.09 

Placing  and  moving  forms  and  centers 0. 62 

Watchmen,  waterboy,  etc 0 .  62 

Total $7.86 

The  excavated  section  of  the  trench  was  12H  ft.  wide  and  varied  somewhat 
in  depth.  When  it  was  12  ft.  deep,  the  cost  was  $1.61  per  lin.  ft.,  which  was 
29  ct.  per  cu.  yd.  for  all  labor,  exciting  the  labor  of  backfilling.    When  the 

)  trench  excavation  averaged  5.56  cu.  yd.  per  lin.  ft.,  the  backfill  averaged  only 

I  1.7  cu.  yd.  per  lin.  ft.  and  this  backfilling  was  done  at  a  cost  of  about  20  ct. 

I  per  cu.  yd.  of  backfill.    The  backfill  was  not  rammed. 

I  The  trench  sheeting  condsted  of  4-in.  plank,  which  was  subsequently  uaed 

as  a  floor  or  bottom  upon  which  the  concrete  invert  was  laid.    This  plank 

*  floor  consisted  of  two  layers  of  plank,  giving  a  thickness  of  8  in. 

The  sheeting  was  braced  with  6  X  6-in.  braces,  three  of  which  were  used 
to  each  16  ft.  length  of  wale.  There  were  two  lines  of  4  X  6-in.  wales. 
Hence  the  trench  required  about  120  ft.  B.  M.  of  sheeting  and  bracing  per 
lineal  foot  of  trench.  Since  it  cost  $0.58  per  lin.  ft.  of  trench  to  place  this 
thnber,  this  is  equivalent  to  $4.80  per  1,000  ft.  B.  M. 
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were  alternated  with  another  gang  which  attended  to  the  forma  and  reinf  oioe- 

ment.    The  length  of  concrete  laid  at  one  operation  was  72  ft.  of  either  aich 

or  invert  and  the  time  required  to  do  the  work  averaged  3H  hours.    The  men 

were  divided  as  follows:  ^ 

2  men  on  mortar. 

4  men  on  gravel. 

2  men  on  sand. 

4  men  on  mixing  board. 

1  man  on  water  and  cement. 

4  men  in  trench  spading. 

1  foreman. 

All  the  men  received  20  cts.  per  hour  and  the  foreman  reoelved  35  cts.  per 
hour.    The  cost  of  concreting  72  ft.  of  invert  or  ardi  was  thus: 

17  men  at  20  cts.  per  hour,  Zyi  hrs. , . . , .  .T. $11 . 05 

1  foreman  at  35  cts.  per  hour,  dyi  hrs 1 .  14 

Cost  of  laying  72  ft.  of  invert  or  arch ,  $12. 19 

This  gives  for  72  ft.  of  complete  sewer  a  cost  of  $24.38  which  divided  by 
28.08  cu.  yds.  gives  a  cost  of  87  cts.  per  cu.  yd.  In  this  work  there  were 
about  2.23  lbs.  oi  steel  reinforcement  per  lineal  foot  of  sewer.  Two  men 
were  employed  continually  to  bend  the  steel  and  place  it  in  position  in  the 
forms. 

Cost  of  Reinforced  Concrete  Pipe  Sewers  at  Mishawaka,  Ind. — The 
following  data  published  in  Engineering  and  Contracting,  Feb.  15,  1911,  are 
from  a  paper  by  Wm.  P.  Moore,  City  Engineer,  Mishawaka,  Ind.,  before  the 
Indiana  Engineering  Society,  Annual  Convention,  January,  1911. 

In  the  spring  of  1909  bids  were  received  by  the  city  for  the  construction  oi 
the  Laurel  St.  trunk  sewer  which  was  3,480  ft.  long  and  36  ins.  in  diameter, 
the  .average  cut  being  10  ft.  and  the  excavation  sand  and  gravel. 

The  specifications  were  drawn  to  include  brick,  monolithic  and  reinforced 
concrete  pipe.  When  the  bids  were  opened  it  was  foimd  the  lowest  bidder 
proposed  to  use  the  Jackson  Reinforped  Concrete  Pipe  Co.*s  pii>e  and  was 
awarded  the  contract.  The  cost  of  construction  was  about  as  follows  tor 
3,480  lin.  ft.  of  36-in.  reinforced  pipe: 

Cost  per 
ft. 

1  foreman,  1,740  hrs.  at  40  cts.  per  hr $0. 20 

2  pipe  layers,  3,480  hrs.  at  25  ots.  per  hr 0. 25 

1  jomt  maker,  1,740  hrs.  at  20  cts.  per  hr 0. 10 

1  pipe  lower,  1,740  hrs.  at  20  cts.  per  hr 0. 10 

1  mortar  mixer,  1,740  hrs.  at  20  cts.  per  hr 0. 10 

2  pipe  rollers.  3.480  hrs.  at  20  cts.  per  hr 0. 20 

2  sheeters,  3,480  hrs.  at  25  cts.  per  hr 0. 25 

1  helper,  1,740  hrs.  at  20  cts.  per  hr 0. 10 

6  men  excav.,  10,440  hrs.  at  20  cts.  per  hr 0. 60 

1  team  and  helper,  1,740  hrs.  at  00  cts.  per  hr 0. 30 

1  water  boy,  1,740  hrs.  at  10  cts.  per  hr 0. 05 

Cement,  sand  and  gravel  for  joints 0. 09 

City  water  for  flushing  trench 0, 02 

Amount  paid  the  JacloBon  Reinforced  Pipe  Co.  for  the  pipe  along  line  of 

ditch 1. 80 

Total  cost $4. 16 

In  the  above  contract  the  Reinforced  Concrete  Pipe  Co.  made  the  pipe  along 
the  line  ot  the  sewer  and  assumed  all  risk  in  regard  to  the  pipe  and  furnished  • 
them  to  the  contractor  for  $1.80  per  lin.  ft.  measured  in  the  ditch. 


In  the  same  ytai  the  Common  Council  also  leoelved  bids  tat  the  Lofu 

a. — .  . — 1,  .™.„  _^,... ,. "1.  rt.  of  4a-ln.  »nd  1,4S0  Un.  ft.  of  ae-ln. 

kson  pipe  abo,  (he  low«st  bid  being  on 


pipe.    The  contr&ct  was  let  with  Joe 


The  average  cut  was  16  ft.  In  sand  and  gravel  with  a  small  amount  ot  water 
bearing  gi&vel  In  the  bottom.  biV  not  enough  to  require  a  pump.  In  this 
ccintracl  the  contractoi  buUt  the  pipe  and  furnished  all  common  labor  and 
material  aod  the  Jackson  Pipe  Co.  furnished  the  rorma.  relafarocunent  and  a 
competent  superintendent  to  see  that  the  pipe  were  made  properly.  Tbdr 
•chai^  being  SI. IS  pai  Un.  ft.  tor  the  36-1q.  pipe  and  (I.4fi  pw  iln.  ft.  for  the 
43^.  pipe. 

Sand  and  gnrei  dellvend  aloDB  the  line  of  the  contracts  coat  BO  ots.  per 
cu.  yd. .common  labor  20  cts.  per  hour,  teams  10  cts.  pet  hour  uid  cement  tl.ZS 
per  barrel.  Calculated  on  the  above  ba«la  the  cost  of  construction  was  about 
as  foUowe  for  l.UO  Iln.  ft.  of  3e-iD.  concrete  eewet 

Cost  per 
ft. 

1  foreman,  725  hrs.  at  45  cts,  per  hr tO,  32 

2  pipe  layers,  1,4S0  hti.  at  28  cts.  per  la "  "' 

1  Joint  maker,  r25  hi«.  at  25  ots.  per  hr 

1  mortal  miMr,  726  tts.  at  20  ct».  per  hr 

1  DiDelowET,  725hn,  at  aOcta.  perhr. 

n  rolling  pipie,  _1,450  hre,  at  20  ot«.  psr  hr , 


;,  S,S( 


Cement.  Band  and  gravrf  for  tie  jo 
City  WHter  for  flushiof  iienoh 


Total 12.6 

Cost  of  making  this  pipe  foUona: 


5men411hre 
280  bbls.  ot  « 
217.Scu.yd.. 

Cost  of  a 
Grand  tol 

The  cost  (d 


ma.  rdnforMmentg,  nipt,  paid  to  th 
iking  pip« 


1,600  Iln.  ft.  c4  42-ln.  concrete  idpe  sewer  w; 


I,  1,800  hn.  at  25  cti 
ng  joints.  MO  hn.  at 
ins  pipe,  eoo  hn.  st 
spipe,  1,800  hn.  at 
«  mortar,  900  hrs.  a 


ft.'™ 
.     to. 24 


Cement,  sand  and  Bra.elfo 
City  water  for  flusmog 

Total W.23 
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CkMst  of  nmkiTig  this  pipe  follows: 

Cost  per 
ft. 

5  meo  mizins  concrete,  etc.,  1,400  hrs.  at  18  ots SO.  15 

384.5  bbls.  of  cement  at  $1.25  per  bbl 0. 28 

313  cu.  yds.  of  gravel  at  60  ots.  per  cu.  yd Q.  11 

Royalty,  forms  and  superintendent 1 .  45 

Total  cost  oi  making  pipe SI .  99 

Grand  total  for  1,690  ft.  of  42-in.  pipe 6 .  34 

In  regard  to  the  use  of  the  above  information  I  wish  to  advise  that  data  is 
only  approximately  correct,  as  we  were  in  no  position  to  obtain  the  exact 
cost.  The  total  number  of  men  employed  and  the  number  of  hours  worked 
are  correct,  but  necessarily  in  large  contracts  men  are  sftiifted  and  it  was  tbeie- 
fore  necessary  to  take  the  average  number  of  men  working  in  the  different 
positions. 

Cost  of  Tile  and  of  Concrete  Sewer. — ^Work  was  started  in  December,  1916, 
on  the  construction  of  the  Rideau  River  interceptor,  a  17,900-ft.  sewer  that 
will  drain  a  portion  of  south  and  east  Ottawa.  The  first  section  was  qon- 
structed  of  segment  tile,  60-in.  in  diameter;  the  next  section  is  of  54-in.  pipe, 
part  segment  and  part  concrete.  A  third  section  was  built  of  48-in.  concrete 
pipe.  The  following  cost  data  on  the  work,  abstracted  from  an  article  by 
L.  McLaren  Hunter,  City  Engineer's  Department,  Ottawa,  in  The  Canadian 
Engineer,  are  published  in  Engineering  and  Contracting,  Feb.  12,  1919. 

The  larger  equipment  used  during  construction  included  one  45-HP. 
boiler,  one  40-HP.  boiler,  one  derrick  and  traveler,  three  syphons,  (me  4-in. 
submerged  pump  (electric)  and  one  4-in.  suction  pump  (electric). 

The  costs  of  various  materials  used  were  as  follows: 


1917 — 54-in.  concrete  pipe,  per  ft $4.34 

48-in.  concrete  pipe,  per  ft 8.44 

1918 — 48-in.  concrete  pipe,  per  ft 4. 30 

30-in.  concrete  pipe,  per  ft 2 .  35 

1917 — 60-in.  Natco  tile,  per  ft 5.66 

1916 — Cement,  per  bag 43 

1917 — Cement,  per  bag 52 

1918 — Cement,  per  bag 73 


On  the  60-in.  Natco  tile  section,  in  18  ft.  of  excavaticm,  the  costs  were 
follows: 

Per  lin-  ft. 

Excavation  and  backfilling $  8. 240 

Pipe  laying. .  375 

Natco  tile,  including  underdrain 7 .  427 

Pumping 766 

Shonng .  652 

Grading,  plant,  sundries 1 .  744 

Total  cost  per  lin.  ft $19. 204 

Tunnel  section  (excavation),  per  ft 19. 37 

Manholes  (concrete),  each 61 .  46 

The  cost  of  48-in.  concrete  pipe  section,  in  4  ft.  6  in.  of  excavation,  in  1918 
was  as  follows: 


Derriok  and  tniolc 

Groutirn; 

I^pe  l»yiaf ,.,.-.-.- - - .  - . , 

Suadria  UnehidiMI  SatonlM'  klUnMioo  )ii]lid»yi) .  ■ . 


Pipe  (inoludinc  banliiia)-  - 


ToWl.. 


The  above  costs  oq  the  43-in.  section  were  taken  on  400  lln.  it.  ot  wi 
whkh  was  done  In  August,  lOlS.  Laborers  wen  paid  3G  ct,  per  hour.  On 
Natco  tile  section,  laborera  were  paid  27H  ct-  per-  hour.  The  work  was  di 
b;  da;  labor. 

HiacelUneotia  Coats  of  Concrete  SawM  Coastnietlaa,  LonisTille,  Ky. — Ei 
neerlng  and  Contractlag.  June  22,  lOlD,  gives  the  following: 

Lintrw  a  Concrrf*  Seiner  IPil*  Briik. — This  sewer  was  of  coDcrete,  hoi 
shoe  section  and  about  4  ft.  In  diameter.  The  brick  lining  of  the  invert  t 
side  walls  contained  H.3  sq.  yds.  In  OS  ft.  of  Its  length.  The  brick  were  1 
on  edge  and  8H  hbla.  ot  cement  w«re  uaed  fn  the  roortar: 


PoOtr  Uaehiiu  m  Trmek  15  ft.  Widi  21  ft.  <lttp: 

7  men  eicavatina  (sand)  at  11.75  p«r  day 

1  eiwinwr  at  t^Sa  per  day 


RoDtalof  mHohiaeUboper  mo.,  at  K.OO  pei  day 8.00 

Ay.  output  per  day  160  cu.  yda (27.25 

Cart  p«r  cu.  yd.  IBc. 

UixiTK)  and  Pladtm  Cmcriit  by  Hand.— Material  had  to  be  hauled  300  ft. 
In  wheel-barrows,  and  was  mixed  by  hand  on  platforma  over  the  trench. 
Ft  wvs  poured  througb  chutes  to  place.  The  average  wages  of  these  men 
were  2ZH  ctS'  Per  hour.  The  emiciele  men  aie  paid  more  than  the  ordinary 
loborerB  who  receive  17K  cM.  per  hour: 


la  haodlinc  ehotat 

ID  spading 

;B  placing  30  m.  yd*,  at. 


tlO- 
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This  gives  a  cost  of  $1.20  per  cu.  yd.  for  labor  of  placing  concrete. 

Knocking  Down  the  Blaw  arch  forms,  wooden  jacket  and  invert  forms  for 
this  sewer,  moving  them  ahead  and  setting  them  up  required  8  hours  for  3 
men.  One  man  acted  as  foreman  with  two  helpers.  It  required  4  hours  to 
set  the  invert  forms,  2  hours  to  set  the  jackets  for  the  walls,  and  2  hours  to  set 
the  Blaw  arch  forms.     This  is  for  a  5  ft.  sewer. 

Placing  the  reinforcing  steel  required  the  time  of  the  above  menticmed  squad 
of  3  men.  They  set  the  steel  for  the  invert  and  sidewalls  in  5  hours  and  for  the 
arch  in  IK  hours.  The  foreman  was  paid  25  cts.  an  hour  and  the  helpers  17 H 
cts.  There  were  53  lbs.  of  reinforcing  steel  per  running  foot.  Striking  and 
settling  Blaw  forms  for  60  lin.  ft.  of  horseshoe  shaped  sewer,  5  foot  section: 

1  foreman,  8  hre.  at  25c $2. OO 

2  helpers,  8  hrs.  at  $17H 2.80 

Total. $4.80 

Striking  and  settling  60  ft.  of  forms,  cost  at  H  cu.  yd.  i)er  lin.  ft.,  per  cu.  yd.. 
$0.16. 
Placing  reinforcement  for  60  lin.  ft.  of  sewer: 

1  foreman,  7H  hrs.  at  25c $1 .  875 

2  helpers  7H  hrs.  at  17Kc 1 .3125 

Total $3 .  18>i 

Placing  reinforcement  for  60  ft.  of  sewer  at  H  yd.  per  lin.  ft.,  cost  $0,106 
per  cu.  yd.,  and  at  53  lbs.  per  lin.  ft.,  $0,002  per  lb. 

A  summary  of  the  cost  of  labor  per  cubic  yard  in  constructing  60  lin.  ft.  of 
6-ft.  sewer  was: 

Cost  per  cu.  yd.  mixing  and  placing  concrete $1 .  20 

Cost  per  cu.  yd.  striking  and  erecting  blank  forms 16 

Cost  per  cu.  yd.  placing  reinforcement .  106 

Total  cost  of  labor  per  cu.  yd $1 .  466 

Bricklaying  Costs  for  6  to  10-Ft  Brick  Sewers  at  St  Louis,  Mo. — C.  Ij. 

French  gives  the  following  data  in  Engineering  News,  Nov.  12,  1914. 

The  contract  for  the  third  section  of  theOlaise  Creek  Joint  Sewer,  consisted 
of  7.370  ft.  of  brick  sewer,  varying  from  5  to  10  ft.  in  diameter  and  from  13  to 
18  in.  in  thickness.  The  total  amount  of  brickwork  was  10,264  cu.  yd.. 
consisting  of  9,600  cu.  yd.  common  and  664  cu.  yd.  of  vitrified  brick  mascmry 
(to  line  the  invert  for  the  dry- weather  flow). 

It  was  found  that  by  planning  the  work  so  that  a  certain  number  of  brick- 
layers could  be  constantly  employed,  the  best  men  could  be  kept.  The  impor- 
tance of  this  feature  is  nearly  ^always  underestimated  by  contractors.  The 
difference  between  the  work  done  by  a  good  man  and  an  av^ttge  man  is  at 
least  10  per  cent,  and  where  full  time  can  be  made  the  very  best  men  are 
obtainable. 

The  next  step  was  to  get  the  maximum  of  work  from  the  bricklayers.  This 
meant  not  harder  work,  but  eliminating  lost  motion:  The  essentials  were 
proper  working  room,  sufficient  materials  in  the  right  place,  and  safe  working 
conditions.  Solving  each  of  these  problems  required  much  experiment.  Too 
many  or  too  few  bricklayers  in  a  given  space  was  found  to  be  equally  expensive. 
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Materials  in  the  right  quantity,  just  where  needed,  make  it  mmecesBanr  for  a 
|9-a-day  bricklayer  to  wait  for  a  $2.50  laborer. 

The  eliinination  of  useless  labor  was  one  of  the  gretieot  problems.  Mortar 
was  mixed  by  machinery  at  aeost  of  less  than  to.  peTcu.  yd.  for  power.  Great 
oare  was  taken  to  have  this  mortar  of  just  the  proper  consistency.  It  was 
found  that,  everjrthing  else  being  equal,  the  day*8  work  could  be  increased  2  or 
3%  by  having  the  mortar  easaetly  righl  ail  the  time.  The  mortar  was  dumped 
directly  from  the  machine  into  barrows  and  then  poured  into  chutes.  Thus 
the  bottom  man  had  only  to  direct  the  mortar  into  the  boxes  below.  Mortar 
mixers  and  mortar  lowerers  were  thus  eliminated.  Materials  were  stored  as 
dose  to  the  ditch  as  possible  and  in  the  same  quantity  as  would  be  used  in  that 
length  of  sewer. 

The  job  was  started  Nov.  4,  1913,  and  finished  Aug.  18,  1914. 

The  cost  data  aie.bafted  on  the  following  prices  for  labor  and  material 
delivered: 

Bricklayer $  1 .  12H  per  hr. 

Labor '. , 0. 31  per  hr. 

-n^»u  /  common 8. 50  per  M 

^^^^  \  vitrified 16.50  per  M 

Cement ; 1 .  40  per  bbl. 

Sand T 0.85  per  cu.  yd. 

Electricity 0. 10  per  kw.  nr. 

The  constants  for  each  cubic  yard  of  brick  were: 


430  common  brick  at 

338  vitrified  brick  at 

0. 65  bW.  cement  at 

0. 35  cu.  yd.  mortar  at ^. 

0. 10  kw.  hr.  at 


Unit 

CoBtPer 

cost 

cu.  yd. 

8.50 

$3.66 

16.50 

5.58 

1.40 

0.91 

0.85 

0.30 

0.10 

0.01 

The  mortar  was  1  part  cement  to  ^  parts  sand. 

This  makes  the  material  cost  $4.88  per  cu.  yd.  for  common  and  $6.80  per 
cu.  yd.  for  vitrified-brick  masonry. 
The  monthly  records  were  as  foUows: 


Cubic  yards  laid Cost  per  cu.  yd,— — 

Per  day 
of  8  hr.  per  Total,      Total, 

Month  Common  Vitrified     bricklayer  Labor  common  vitrified 

Nov.,  1913 768  53  9.3  $2.25  $7.13  $9.05 

Dec.,  1913..... 1.444  99  10.8  2.02  6.90  8.82 

Jan..  1914 1,260  87  11.7  1.90  6.78  8.70 

Feb.,  1914 60  4  12.0  3.00  7.88  9.80 

Mar.,  1914 416  29  10.5  1.90  6.78  8.70 

Apr.,  1914 1,132  78  11.8  1.78  6.66  8.58 

iSKiy.  1914 970  68  11.0  2.24  7.12  9.04 

June.  1914 1,019  70  9.9  2.26  7.14  9.06 

July,  1914 1,912  133  12.6  1.77  6.65  8.57 

Ai]«.,  1914 619  43  8.5  2.65  7.53  9.45 

9,600  664 

Average  cu.  yd.  per  bricklayer  per  day  of  8  hr $11 .  05 

Average  labor  cost  per  cu.  yd , 2 .  02 

Average  cost  of  brickwork  per  cu.  yd {  ^trifiSf  $8:82 

The  bigh  cost  of  labor  in  May  is  due  to  tunnel  work  at  night,  when  double 
time  was  paid  to  bricklayers.     The  high  cost  for  June  is  due  to  bad  working 


726  HANDBOOK  OF  CONSTRUCTION  COST 

oonditloos,  nhere  fraguoit  c&ve-ina  c&used  mucb  dti&y.  Tlie  last  loonth'* 
flgiues  are  not  signlScitat,  as  the  best  men  had  left  for  other  Joba  uid  lota  ctf 
cleaning  up  wbb  necHBuy. 

Laboi  Coat  of  ConcieCe  uid  Brick  Sewer  Consttaetloa  in  Toronto. — Engi- 
neering uid  Contracting.  June  12. 1018,  publlahee  the  followlne,  from  an  tuttoto 
In  The  Contract  Record  by  W.  S.  Harvey  and  R.  T.  G.  Jb^ 

The  Btorm  sewer  known  hs  "Bparkhall  Ave.  relief  sewer"  was  cooBtnicted 
to  relieve  the  conge^lon  In  the  district  bounded  by  Du^forth  Ave.  on  tbe  - 
north.  Bain  Ave.  on  the  aoutli,  Pape  Ave.on  the  east,  and  Broadview  Ave.  Ml 
the  west.    The  sewer  has  its  outlet  at  the  River  Don  and  termlnstee  at  Logan 
Ave.,  with  provision  for  a  future  eiteoskm  to  Ptqie  Ave. 


Fig.  7  shows  typical  cross  sections  of  the  sewer  in  tunnel  and  open  cut.  The 
standard  egg-shaped  section  was  adopted  ae  being  the  moat  economical  under 
tlie  existing  conditions,  the  ground  being  good  blue  clay,  which  would  permit 
ot  a  iDloinium  width  of  trench  hi  open  cut  and  minimum  dlmenslonB  of  heading 
In  tunnel,  as  practically  no  timbering  would  be  required. 

A  cross  section  d  the  outlet  across  the  I>OD  Flats  at  Rlverdala  Puk  la 
shown  In  Fig.  8.  A  similar  section  was  used  under  the  C.  P.  R.  tracks  near  the 
River  Don,  but  heavier  reinforcement  was  required  In  the  nxf  slab.  Tbla 
section  was  used  on  account  ot  the  lack  tA  cover  available,  a  minimum  of  3  ft. 
being  called  lor. 

[/nil  Cdilt.— Under  this  heading  it  is  the  Intention  to  deal  with  each  aecUoa 
of  the  sewer  as  constructed  and  to  give  a  unit  cost  In  houn,  using  the  foUowlnc 
key  to  the  distribution  of  labor: 

(A|  Excavation;  (B)  sheeting  and  timbering;  <C)  baekfllling;  <D)  hmndlfi^ 
surplus — excavation;  (E)  concrete  forms;  (FJ  placing  concrete,  Induding 
rdntoichig;  (G)  placing  cast  iron  pipes:  (J)  pumping:  (K)  brickwork:  (N) 
mining  and  sinking  shafts:  (P)  handling  auppilaa:  (Q)  handling  plant ;  (Z)inl». 
oellaneouB  labor. 
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Cutt  of  Afln/sreed  ConertU  Stetum,  A  ft.  B  in.  X  S  ft. — Work  WM  not  cwn- 
nusced  until  the  latter  part  cd  the  Bummer  of  IBIS,  bo  tti&l  the  water  In  tlM 
Dmi  Riier,  which  wu  to  be  the  outlet  lor  the  aewer,  would  be  at  Its  lowMt 
ebvaUoo.  Even  with  thli  cooditlMt,  it  gave  the  contractor  a  certain  unouDt 
c(  trouble.  CotutiucUoD  waacanded  oalromtbe  Don  to  the  C,  P.  R.  trac^; 
here  a  break  was  made  and  leaumed  on  the  other  aide,  where,  owing  to  the 
pivous  nature  of  the  frrouikl,  coiudderable  water  was  encountered.  Thli 
portion  al  RlTcrdale  Fsrlc  (Don  Flati)  has  bean  reclaimed  b;  the  city  with 
aibes  and  refnae,  and  for  this  reoaoa  tt  waa  spedSed  that  ■  2-in.  lumber  decid- 
ing be  placed  in  tbe  bottom  of  thetmch  before  the  concrete  was  poured,  and 
that  ttaB  trmch  be  tightdieeted  and  the  aheetlns  let  In  place. 


v^  SMwiMV' .IhM 


The  work  was  carried  on  by  two  distinct  gangis  of  men,  each  with  a  sqwrate 
foranan.  One  gang  attended  to  excavation,  sheeting,  huidllng  surplus  and 
backflUlng;  the  other  to  Betting  forms,  placiiic  reinforcement  and  pouring 
concrete. 

As  the  trench  was  TSry  ahallow,  no  excavating  machine  was  used.  The 
material  was  cast  up  on  top,  where  a  horse  and  scraper  removed  the  surplus 
and  spread  It  out  over  the  park.  After  the  trench  bod  l>een  roade  readj  and 
the  decking  and  sheetbig  placed  the  concreting  gang  poured  the  concrete  for 
the  invert,  leavtog  It  low  in  devatlon  so  that  3  In.  of  concrete,  mixed  In  propor- 
tlcHi  o(  1  sftnd,  I  cement  and  3  of  very  Bne  stone,  could  be  placed  afterwards. 
When  the  concrete  was  properly  set  forms  of  the  "knock-down"  type,  made 
of  tongued  and  grooved  slieeting.  dressed  one  side,  were  placed  for  ttie  side 
walls  and  rtxrf.  and  all  the  concrete  poured  at  one  running.  By  thin  method  of 
working  no  delays  were  caused  by  not  having  any  tiendi  ready,  arid  the  con- 
crete gangs  were  also  able  to  get  enough  Invert  concreted,  while  waiting  the 
required  4S  hours  tot  tiie  arch  craicTete  to  set,  in  order  to  carry  on  the  work 
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This  procedure  was  used  all  the  way  through  this  Bectlon  and  good  progress 
was  made,  notwithstanding  the  fact  that  labor  and  material  were  scarce  and 
that  water  gave  considerable  trouble. 

After  the  concreting  of  the  rough  ihvert  sidewalk  and  roof  had  been  com- 
pleted up  to  the  bellmouth  (manhole  No.  3);  the  portion  under  the  C.  P.  R. 
tracks  was  completed  and  the  finishing  concrete  applied.  Before  doing  this, 
however,  a  thorough  inspection  was  made,  and  the  invert  made  p^ectly 
clean,  so  that  a  good  bond  was  assured. 

While  the  concrete  gang  were  doing  the  finishing  the  excavatfaig  gang  were 
placing  24-in.  cast  iron  pipe  and  building  anchors  for  the  support  of  same, 
so  that  the  work  in  this  open  cut  section  was  practically  con^leted  before  the 
severe  cold  weather  set  in.  The  cast  iron  pipe  was  used  on  a  short  steep 
stretch  to  avoid  constructing  deep  drop  manl^oles. 


Material  and  Unit  Labor  Cost  of  Rbinforcbd  Concrbtb  Sswbr 

Length  of  concrete  sewer  (3  ft.  6  in.  X  6  ft.),  lin.  ft N    -  876 

Len^b  of  24  in.  cast  iron  pipe,  lin.  ft 120 

Cubic  yards,  1: 2: 4  concrete  for  roof 125 

Cubic  yards,  1:  3:  5  concrete  for  invert,  walla  and  anchors         338 

Cubic  yards,  1:1:3  concrete  for  finishing 195 

Cubic  yards,  1: 4: 9  con^ete  for  packing 9 

Cubic  yards,  excavation .; 2,012 

Cubic  yar(k,  backfilling r 020 

Surplus  exdavation,  cubic  yards.  . .  A 1 ,390 

Lumber  left  in  place,  ft.  B.  M 38 ,  440 

.  Forms  placed,  square  feet. ; - . .    10,600 

Sheeting  in  trench,  square  feet . \  .    14 ,  000 

Rbinforcinq 

H  in*  twisted  bars,  pounds « 4 ,  862 

No.  3, 9,  25  expanded  metal,  pounds 6 ,  872 

No.  3,  6,  40  expanded  metal,  pounds. 8 ,  293 

No.  30  road  mesh,  pounds 4 ,615 


Item 

Foreman*, 
Laborers ,(. 
Foreman. . 
Laborers. . 
Foreman. . 
Laborers . . 
Teams.  . .  . 
LabcHrers. . 
Laborers. . 
Foreman. . 

Laborers  t- 
Laborers. . 
Engineer. . 
Laborers . . 

Team 

Laborers. . 

Team 

Laborers. . 
Foreman. . 
Laborers. . 


Distribution 

A 
A 
C 
C 
D 
D 
D 
E 


F 

G 

J 

J 

Q 


P 
Z 
Z 


Unit 
cost  per 
Time,    sq.  ft., 
hours     hours 

490 
2,933 

72 
723 

81 
805 
320 

600  .06 
440  .003 
700 
1.935 
268 
607 
135 

42 

18 
300 
340 

45 
760 


Unit 

cost  per 

cu.  yd., 

hours 

.24 
1.46 

.12 
1.20 

.06 

.57 

.23 


.90 
2.90 


•  This  includes  B.     t  This  includes  placing  reinforcing. 


Unit 
cost  per 
lin.  ft., 
houra 

.50 
2.94 
.07 
.75 
.08 
.81 
.32 
.68 

■M 

2.21 
2.20 

.68 

,16 

.04 

.02 

.30 

.34 

.05 

.76 
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Cod  of  Two-Ring  Brick  Sewer,  in  Tunnel  (2  ft,  8  in.  X  4  fl,) — ^This  section 
stftfted  at  manhole  No.  4,  the  tunnel  being  operated  from  oob  portal  situated 
on  the  east  bank  and  one  shaft  at  MiUhrook  Ave.    Owing  to  the  location  of 
the  west  portal,  it  was  decided  to  di^)en0e  with  an  engine  and  derrick  for 
handling  excavation.    Tracks  were  laid  along  a  terrace  on  the  bank  and  the 
material  brought  from  the  timnel  in  cars  and  dumped  over  the  side  oi  the  bank, 
wbere  it  was  spread  out  to  make  more  terraces,  thereby  beautifying  this  sec- 
tion of  the  park.    The  material  used  in  construction  was  brought  to  the 
top  of  the  bank,  where  it  was  stored,  and,  as  required,  was  lowered  down 
wooden  chutes  constructed  for  this  purpose,  and  conveyed  into  the  heading 
in  cars.    By  this  method  of  procedure  the  eQ>ense  of  an  engineman,  engine, 
and  coal  was  eliminated.    At  Millbrook  Ave.  shaft  a  derrick  was  erected 
to  remove  excavation  after  it  had  been  conveyed  from  the  heading  in  cars. 
The  shaft  was  iHaced  at  Millbrook  Ave.  with  the  intention  of  tunnelling  in 
two  directions,  but  when  the  required  Novation  was  reached  it  was  found 
that  this  would  be  impossible,  as  the  nature  of  tiie  ground  changed  very 
rapidly.    On  the  west  side  of  the  shaft  it  was  haidr  dry  clay  and  on  the  east 
side  running  sand,  which  could  not  be  tunnelled  without  the  aid  of  compressed 
air,  and  this  would  be  too  costly.    Therefore,  tunnelling  was  done  only  in  one 
direction,  thereby  increasing  operating  expenses  considerably.    The  surplus 
material  was  carried  to  a  nearby  dump  in  wagons  and  spread  by  the  teamster. 

Matxbial  and  Unit  Labor  Cost  of  Bbick  Skwbb  in  Tunnxl 

Len«^  of  2  ft.  8  in.  by  4  ft.  two-ring  brick  sewer,  lin.  ft 845 

Cubic  yards,  excavation 657 .  70 

Cubic  yards,  surplus 557 .  70 

Cubic  yards,  brickwork 304 .  20 

Cubic  yards,  backfilling 90 

Brick  used 119,300 

Brick  packers 6,338 

Cement,  bags 1 ,  365 

Sand,  cubic  yards 140 

Timber,  f t.  B.  M 1 54 


Item 

Foreman . . . 

Cngineman. 

Miners* 

Laborerst  •  • 

Foreman.  . . 

Bngineman. 

Bricklayer. . 

Laborers  — 
Laborerst.  • 
Sngineer.  . . 

Laborers 

Bnsineman. 

Laborers' 

Teams 

Teams 

Teams 

Laborers. . . 
Laborers 


Distribution 

N 

N 

N 

N 

K 

K 

K 

K 

C 

J 

J 

% 

p 
p 

z 


Time, 
hours 

456 

509 

1.453 

2.080 

496 

286 

738 

2,030 

207 

75 

220 

48 

170 

32 

427 

235 

135 

235 


Unit 
cost  per 
lin.  ft., 

hours 

.54 
.60 
1.72 
2.46 
.58 
.34 
.89 
2.40 
.25 
.09 
.26 
.06 
.20 
.04 
.50 
.28 
.15 
.28 


Unit 
cost  per 
cu.  yd., 
hours 

.82 

.91 
2.60 
3.73 
1.63 

.94 
2.43 
6.64 
2.30 


.75 


*  Paid  on  footage  basis,     t  Includes  signalmen  and  muckers.     %  BaQkfillen 
at  shaft  and  pulling  timbers. 
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Coat  of  Two-Ring  Brick  Sewer  (2  ft.  6  in.  >C  3  /K.  0  in.)  in  Tunnel. — ^It  was  the 
original  Intention  of  the  City  Engineer  that  the  excavating  on  this  section 
be  done  in  open  cut.  The  contractor,  however,  decided  to  carry  it  out  in 
tunnel,  owing  to  the  frost  being  in  the  ground  to  a  dbpth  of  4  ft.  When  tlie 
work  on  the  2-ft.  8-in.  X  4-ft.  section  was  completed,  the  derrick  and  eiifirtne 
were  moved  to  a  point  midway  on  the  2-ft.  6-ln.  X  3-ft.  9-ln.  secti<m.  Very 
good  progress  was  made  in  the  east  heading,  and  the  required  distance  would 
have  been  completed  in  tunnel  had  not  the  existing  local  sewer  be&i  raiooimt- 
ered  which  necessitated  the  discontinuance  of  the  work  by  this  method  and 
the  completing  of  same  in  open  cut.  In  the  west  heading  a  layer  at  wet 
sand  was  encountered  before  the  work  had  proceeded  very  far,  mairtng  n 
more  economical  to  open-cut  the  work  than  to  proceed  with  tunnelling. 

The  material  through  which  the  sewer  ran  was  not  as  good  for  carrjringr  oa 
the  work  in  tunnel  as  in  the  previous  section  and  had  to  be  dose-dieeted. 
The  work  was  done  in  the  same  manner  as  the  other  section  (2  ft.  8  in.  X  4  ft.)» 
except  that  the  excavated  material  was  conveyed  to  the  dump  in  cars  after  it 
had  been  brought  to  the  surface  in  buckets.  The  dump  was  on  city  pnqperty 
and  located  dose  to  the  shaft. 

Matbbials  and  Unit  Labor  Cost  of  2-ft.  6-in.  X  3-ft.  9-zn.  Eoo-Shapko 

Bbick  Sbwbb 

In  tunnel 

Len^h  of  2  ft.  6  in.  X  3  ft.  9  in.  two-ring  brick  sewer,  lin.  ft ISO 

Cubic  yards,  excavation 61 . 2 

Cubic  yards,  surplus 61 . 2 

Cubic  yards,  brickwork 42. 0 

Brick  used 22,894  • 

Brick  packers 2 ,  230 

Cement,  bags 253 

Sand,  cubic  yards SO 

Timber,  ft.  B.  M 350 

Unit        Unit  \ 
cost  per  cost  per 
Time      cu.  yd.,     lin.  ft. 
Item  Distribution     hours         hours       hours 

Engineman N  218  3.40       1.21 

Miners N  409  6.68       2.27 

Laborers N  433  7.00       2.40 

Engmeman K  100  2.40         .66 

Bricklayers K  226  6.30       1.25 

Laborers K  446  10.60       2.48 

Laborers D  9           .05 

Laborers P  45  ....          .25 

Engineman Q  9  ....          .05 

Laborers Q  68           38 

Teams Q  72           45 

Coat  of  Brick  Sewer  in  Open  Cut. — ^When  it  was  found  impossible  to  proceed 
any  further  with  the  work  in  tunnel,  the  balance  of  the  2-ft.  6-in.  X  3-ft. 
9-in.  section  was  constructed  in  open  cut.  The  excavating  was  done  by  hand, 
and  the  material  conveyed  to  the  rear  of  the  work  in  H-yd.  buckets  oi^  a 
traveling  car,  where  it  was  dumped  on  the  finished  work  as  back-filling.  A 
wet,  sandy  blue  clay  was  encountered  in  places,  which  retarded  progress  to 
some  degree,  and,  as  an  extra  precaution  against  settlement,  a  plank  decking 
was  laid  and  the  sewer  constructed  with  a  square  base.  As  the  work  was 
being  carried  on  in  cold  weitther,  it  was  dedded  to  oonstruct  the  sewer  entirely. 
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Matbbial  and  Unit  Labor  Cost  or  Concbbte  Sxwbb  with  Bbicx  Invxbt 

Len^h  of  sewer  (2  ft.  2  in.  X  3  ft.  3  in.),  Un.  ft 878 

Cubic  yards  of  excavation 2 ,  050 

Cubic  yards  of  backfilling 1 ,  610 

Trench  timbered,  lin.  ft 1 ,756 

Cubic  yards,  surplus 440 

Cubic  yards,  Class  "B' 265 

Brick  used 11 ,240 

Brick,  cubic  yards 27 

Cement  for  brickwork,  bags ^ 126 

Sand  for  brickwork,  cubic  yards 13 

Cement  for  concrete 1 ,  510 

Stone  for  concrete,  cubic  yards 310 

Sand  for  concrete,  cubic  yards 186 


Item 

Foreman. . . 
Engineman. 
Carmen. . . . 

Laborers 

Laborers... 
Laborers. . . 
Foreman. .  . 
Laborers . . . 

Teams 

Laborers . . . 
Laborers. . . 
Foreman . . . 
Bricklayers. 
Laborers. . . 
Engineman. 
Laborers. . . 

Teams 

Foreman . . . 
Labor 


Unit 

Unit 

Time 

cost  per 
cu.  yd. 

coBt  per 
lin.  ft. 

Distribution 

hours 

hours 

hours 

A 

400 

.19 

.45 

A 

423 

.20 

.48 

A 

845 

.41 

.96 

A 

2.465 

1.20 

2.80 

B 

600 

•  •  •  • 

.70 

C 

380 

.28 

.43 

C 

30 

.02 

.04 

D 

20 

.05 

.02 

D 

190 

.44 

.22 

E 

512 

•  •  •  • 

.58 

F 

870 

3.30 

1.00 

F 

160 

.60 

.18 

i: 

135 

5.00 

K 

300 

11.11 

•   •  •  • 

^1 

12 

•  •   •  • 

.02 

Q^ 

12 

■   ■   •  • 

.44 

^ 

150 

•   ■   •   • 

.16 

( 

70 

■   •    I    • 

.12 

z 

135 

•   •   •   • 

.15 

Labor  Costs  on  a  8 -Ft.  Semicircular  Storm  Sewer. — E.  W.  Robinson  giyes 
the  following  records  of  the  actual  cost  of  labor,  exclusive  of  excavation  and 


^^^^  •  •  "'if'  iT I  r  i  I      •  •^-'■■*^^ 

Fia.  9. — Section  of  the  sewer. 

back-filling,  for  oonstructing  290  ft.  of  36-in.  semicircular  storm  sewer,  in  Engi- 
neering Record,  Aug.  3, 1912.  The  arch  consisted  of  one  ring  of  paving  brick 
laid  in  cement  mortar  to  which  had  been  added  a  small  amount  of  lime  and 
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plastered  <m  tiie  outside  to  a  thickness,  ol  about  H  in.  The  invert  was  of 
(xmcrete,  4  in.  in  thickness,  with  a  H-in.  surface  finlE^  of  cement  mortar. 
The  centering  was  made  12  ft.  in  length,  and  was  wedged  up  2  in.  from  the 
invert.  As  soon  as  tiais  length  at  sewer  was  completed,  including  the  plaster- 
ing, the  centering  was  lowered  and  pulled  ahead  and  wedged  up  again,  care 
being  taken  to  avoid  disturbing  the  brick  previously  laid.  Not  more  than  15 
min.  was  lost  each  time  in  shifting  the  centering. 

The  cono^te  lot  tbe  invert  was  mixed  in  the  pn^x>rtion  of  one  part  cement 
to  six  parts  gravel  or  mine  "  tailings."  A  No.  9  Coltrin  continuous  mixer  was 
used  tiiroughout  the  job  and  the  eoncrete  was  shoveled  into  place  from  the 
bank.  The  mortar  for  the  finftsh  was  mixed  by  hand  in  the  proportion  of  1 
part  of  cement  to  IH  parts  at  river  sand.  The  concrete  gang  consisted  of  a 
fOTeman  and  seven  meii.    . 

Labor  CHAaGSS  on  Concsbtb  Invxjrt 

1  foreman,  17  hours  @  S0.55H t  0.44 

Ifiniflher,  17  hours  @.S0.33H...., 5.67 

1  feeding  mixer.  17  ^ure  @  $0.22?^ 8.77 

1  shoveling  from  mixer,  17  hours  @  I0.22H 3. 77 

1  mixing  and  carrying  mortar,  17  hours  @  $0.25 4 .  25 

1  Btriking-ofF  and  tamping  concrete,  17  hours  @  $0.25 4 .  25 

2  setting  forms  and  trimming  bottom,  30  hours  @  $0.22^ 6.67 

Total  for  290  Imeal  feet $87.82 

Per  cubic  yard  of  concrete ^ 2. 35 

Per  lineal  foot  of  sewer v 0. 13 
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The  brick-laying  gang  consisted  of  two  masons  and  two  helpers,  who  mixed 
and  carried  the  mortar  and  carried  the  brick  from  piles  about  50  ft.  from  the 
line  of  the  work.  It  will  be  noted  that  the  cost  of  laying  the  brick  was  rather 
high,  which  was  due  to  the  fact  that  neither  mason  was  an  adept  in  this  class 
est  w<^k,  both  having  done  only  the  roughest  kind  of  work  before. 

Labob  Chabqbs  on  Bbick  Abch 

2  brick  masons,  74  hours  @  $0.44>^ $31.78 

2  helpers,  74  hours  @  $0.22^ 16. 44 

Total  for  290  lineal  feet $48. 22 

Per  1000  brick $  4.00 

Per  lineal  foot  ot  sewer. 0. 166 


3« 


Costs  of  Brick  and  Concrete  Sewer  Construction. — ^Engineering  and  Con- 
tnctlng,  June  28,  1911,  gives  the  following  data,  taken  from  a  paper  on  Exca- 
vation, Foundations  and  Sewer  Work  presented  before  the  Western  Society 
at  Engrineers  by  Victor  Windett. 

From  an  average  of  6,000,000  brick  laid  in  two  and  three  ring  sewers  in  and 
near  Chicago  it  is  determined  that  thereare  520  brick  required  per  cubic  yard 
of  masonry.  This  average  is  taken  for  brick  as  counted  in  cars  or  wagons, 
including  breakage.  As  it  is  customary  to  lay  an  bats  of  one-half  brick  or 
greater  in  the  outer  rings  of  tlie  arch,  the  loss  from  breakage  is  trifling.  As 
shipped  from  the  bride  yardsj  sewer  brick  are  uniformly  of  good  quality. 
Any  und^bumed  or  soft  brick  found  in  Urn  Idlns  are  broken  up  or  sold  for 
building  bride.  Tlxe  sixe.  of  Chicago  hard  sewear  brick  will  average  8^  X 
3H  X  2^6  ins.  The  use  of  tbs.  bats  as  indicated  is  not  detrimental  to  the 
qualitsr  of  the  work,  as  the  «xtradoB  to  thickly  plastered  with  cement  mortar, 
aad  all  joints  well  filled.  . 
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Brick  8etDer0,-*-The  organizatkm  of  a  bricklflTing  gang  is  as  follows:  A 
foreman,  whose  duty  it  is  to  keep  a  steady  supply  of  eveiytUng  needed  for  the 
use  of  the  masons,  is  placed  on  the  berm  of  the  trench.  Each  2  bricklayeis 
has  a  helper  in  the  bottom.     According  to  the  depth  of  the  trench  there  are 

1  to  3  scaffold  men  for  each  tender  and  a  brick  tosser  on  the  buik,  and  1  mortar 
carrier.  Two  mortar  makers  will  serve  4  masons.  From  2  to  6  men  are 
required  to  take  down  the  arch  centering  of  ribs  and  lagging,  pass  it  ahead,  and 
set  it  up  again.  It  is  uneconomical  to  work  an  odd  number  of  masons,  as  the 
same  number  of  auxiliaries  can  serve  2  masons  as  ea^ly  as  one. 

The  average  day's  work  of  a  mason  working  8  bouts  was  found  to  be  4.000 
brick  laid  in  place.  The  maximum  number  laid  per  day  was  an  average  of 
two  days'  work  on  a  2  ft.  diameter  two  ring  sewer  in  a  moderately  wet  trench 
where  an  average  of  7,583  brick  were  laid  per  man.  The  minimum  hai^iened 
to  be  on  a  larger  and  easier  sewer  to  build  where,  however,  other  adverse 
circumstances  cut  the  day's  work  to  2,700  bride.  A  safer  average  is  3,500 
brick  per  man  per  day. 

Table  X,  based  on  4,000  brick  per  day,  gives  the  output  and  rate  of  ccm- 
stniction  for  various  sizes  of  sewers  which  ought  to  be  reasonably  ea^iected, 
as  it  is  the  rate  maintained  for  four  years'  time. 

Tablb  IX.— Bbicklatinq,  Fobcb  and  Cost  of  2  Rxno  Sbwbbs 

Diameter  of  sewer  in  ft. . . 2-4 i  8 ■ 

No.  men         Cost  per  day  No.  men  Coet  per  day 

Bricklayers 4  $40.00  6  $60.00 

Tenders 2  7.50  3  11.26 

Soaffoldmen 2  5.50  3  8.25 

Brick  toesers 2  4. 50  3  6.75 

Brick  wheelers 2  4.00  4  8.00 

Sand  throwers 2  4.50  3  6.75 

Mortar  mixers 2  5.00  4  10.00 

Mortar  carriers 2  4.50  4  9.00 

Water  boy 1  1.50  1  1.60 

Team H  3.00  1  .6.06 

Foreman 1  5.77  1  5.77 

Total 20H  $85.77  33  $133.27 

Brick  and  cement  teaming  4 H  men  at  $6.00;  •    27.00  7  men  42.00 

Total 25  men               «»  112.77  40  men  »  175.27 

No.  of  men  to  1  bricklayer     6  6H 

Tablb  X. — ^Lbnoth  of  Sbwbb  Pbb  Day's  Wobk  and  Cost  Pbb  Foot 

3  Rings 2  Rings 

2  ft 139  ft.  $0.81  209  ft.  $0.83 

2Mft 107  ft.  1.06  160  ft.  1.05 

3  ft 102  ft*  1.10  153  ft.  1.16 

3K  ft 88  ft.  1.28  132  ft.  1.38 

4  ft 75  ft.  1.50  112  ft.  1.55 

4H  ft 68  ft.  1.66  103  ft.  1.70 

5  ft 55  ft.  2.08  83  ft.  2.10 

Working  an  odd  number  of  masons  is  expensivei  as  1  tender,  toeser,  soaffold- 
man,  sand  thrower  and  mortar  carrier  can  attend  to  2  masons. 
Bricklasdng  per  mason  per  day,  4,009.     (Ave.  of  28, 177  ft.  of  work.) 

Manholes. — Brick  manholes  are  usually  built  3  ft.  internal  diameter  of  two 
bridks  in  thickness  Or  9  ins.  The  iimer  ring  is  built  with  bride  btandhig  oo 
end  and  bonded  every  foiffUi  course  wtth  one  eontse  laid  flat.  The  outer 
Ting  ft  built  best  of  half  bricks  or  bats  laid  flat. 

Ttifi  most  economical  way  of  building  brick  maidudes  Is  to  use  a  light  wooden 
drum,  slightly  conical  in  shape  as  a  form  against  which  to  lay  brtek.    The  taper 
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Doed  Dot  be  over  H  In.  and  Is  for  tbe  purpose  of  malHTur  It  easy  to  raise  tile 
form  as  the  biickwoiic  requires.  Tbe  bel^t  of  the  form  or  drum  Is  usually 
3  ft.,  so  as  not  to  make  It  too  heavy  for  ease  of  handling.  Wheo  Iron  st^M 
are  placed  In  the  manhole,  a  slot  can  be  cut  into  the  drum  1  in.  larget  «J1  around 
ttaBa  the  step  loi  clearance. 

In  case  rtepe  are  used  thej  am  best  q>aced  approximately  IS  Ins.  apart; 
a  wldtb  of  9  ins,  is  sufflcient.  The  best  form  c€  step  Is  that  used  on  telephone 
poles,  Id  which  the  foothold  or  st^  is  bent,  or  dropped  1  In.  below  the  sides. 
BO  as  to  prevent  a  user's  foot  from  slipping  off  sidewise.  Tbe  ends  should  pro- 
ject through  to  the  outdde  of  the  wall,  and  bend  up  1  or  2  Ins. 

In  blading  manbolea  or  catch  basins,  two  bricklayers  should  work  together 
on  Bccouol  of  requtrlng  do  more  heipen  tbui  one  mason.  It  Is  better  to 
raiti  manholes  when  the  bricklayers  cannot  work  on  the  sewers,  so  as  not  to 
disorganize  the  main  work  of  the  masons;  their  work  is  to  push  constructliHi 
of  the  sewer  iteelf  at  top  ^eed. 

Manholes  on  pipe  sewers  are  beat  built  np  to  the  Center  line  of  the  sewer  as 
soon  as  poodble  after  the  eickration  is  made,  so  that  pipe  laying  may  proceed 
without  delay.  In  some  cases  It  Is  poeslUe  to  do  this  ^lead  of  pipe  laying, 
which  Is  highly  advantageous,  and  then  complete  the  manhole,  when  the 
maaoa  is  not  preparing  another  boUom. 

The  cost  of  such  holes  is  shown  In  Table  XI,  in  nhlcb  Is  given  avenge  costs 
for  178  manholes. 

Tabu;  XI.— Bbick  Mahhou  Coew 


Height  of  - 


Hours     Cot     Briok       bbla. 


-  Cement,    MBtsrisls 


Sft.0 in.  brick... 
2(t.0iD. brink.  . 


9.78 


Total 
115.09 


Height  of  maobolce  lot  brick  sewers  is 
dIik  sewen  it  it  the  full  hsght  of  the  brici 
AsommsryafTableXlUaafoUawi: 
Averase  aie.  3  ft.  diam.;  7  ft.  11  ins,  hial 
No.  brick  each,  1,080,  or  3.53  cu.  yds. 


B.SO 
13  90 
11.81 
12.10 

S.83 
12. SO 

eitradw  of  arch; 


20.8 


2S.i: 


Labor  cost  per  manhole - . . . 

Labor  cc«t  per  Un.  ft.  manhole. . 
labor  cost  per  cu.  yd.  masonry.. 


helpers  and  team  t  0 


TmbleXUel 


TiBUi  XII. — CoKCH»r»  MtHHOM  Co*™ 

Concrela  Hand-miied       1 

Heuht 13  ft,  0  in. 

Indde  diameter. .......-.-.-- 8  ft.  0  in. 

Tbickncas  ol  eonorele 8  in. 

Caoerete  per  lin.  ft.  ol  heisht,  <ni.  yds. . . 
Nmnberofni--'--'-- 
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Costs  Pbr  Manholb 

Hn.         Cost        Era.  Cost 

Haul  of  mixer 1.0      *  0.45 

Unloading  sand  and  stone 2.2        $0.39  2.2  0.39 

Unloading  cement 0.9           0. 18  0.9  0. 18 

Delivering  to  mixer 6.3           1.20  13.0  2.79 

Mixing  concrete 4.2          0.99  14.8  3.68 

Wheeling  concrete 6.2           1.20  11.7  1.95 

Spreading  and  tamping 3.8           0.86  3.8  0.86 

Runways 2.2  0.50 

Forms 16.9           4.16  16.9  4.16 

Total 38.5         $8.98       65.5       $14.86 

Superintendence 1.5  .97         1.5  .97 

Total 40.0  $9.95  67.0  $15.83 

Cost  per  foot  of  height 3.1  0.77  -  6.0  J .40 

Rate  of  wages' per  hour 0. 26       0. 234 

Cost  Pbb  Cubic  Yard  of  Concrbts 

Haul  of  mixer 0.2  $0. 10 

Unloading  sand  and  stone 0.5  $0.09  0.5  0.09 

Unloading  cement 0.8  0.05  0.3  0.05 

Delivering  to  mixer 2.9  0.63  2.9  0.63 

Mixing  concrete 2.1  0.62  2.6  0.61 

Wheeling  concrete 2.5  0.60  1.9  0.43 

Spreading  and  tamping  concrete 1.0  0.23  1.0  0.28 

Runways 0,5  0. 12 

Forms 3.6  0.99  3.6  0.99 

Total 12.9         $3.11       13.5         $3.25 

Superintendence .5  .26  .5  .26 

■     I         M»        ■  ■   I  ■        ■■III  111  ■  ^^^i_^.. 

Total 18.4         $3.37       14.0         $3.61 

Brick  Catch  Basins. — Brick  catch  basins  are  built  in  Chicago  witb  a  24xl 
plank  bottom.  The  basins  are  4  ft.  internal  diameter  for  5  ft.  6  ins.  hei^t 
and  draw  in  to  a  diameter  of  2  ft.  in  20  ins.  of  height.  A  9-in.  half  trap  is  set 
with  the  bottom  3  ft.  6  ins.  above  the  planking.  The  brick  work  is  8  ins.  in 
thickness. 

Catch  basins  are  best  built  toward  the  close  of  piece  of  sewer  work,  as  usa- 
ally  the  soil  is  then  somewhat  drained  by  the  sewer. 

A  small  gang  of  diggers  is  organized  so  as  to  keep  just  ahead  of  the  masons. 
Two  men  are  put  to  digging  each  hole ;  no  sheeting  need  be  used,  as  the  hole  is 
open  for  so  short  a  time  as  to  render  caving  unlikely.  The  sides  are  sloped 
just  enough  to  prevent  slides.  In  case  of  wet  ground,  four  to  six  well-points 
attached  to  a  diaphragm  pump  will  be  needed. 

As  soon  as  bricklaying  Lb  begun,  two  men  are  put  to  digging  for  and  laying 
the  discharge  pipes  from  the  basins  to  the  sewer.  The  work  so  organized  cui 
be  cheaply  and  quickly  built. 

The  cost  of  basins  and  connections  are  given  below: 

Catch  Basix  Costs 

Number  on  which  costs  are  based,  212,— 4  ft.  diam.,  8  ft.  high. 
Soil,  sand. 

Labor  cost,  345  hours $13. 22 

Materials— 1,100  brick  at  $6 6.60 

60  B.M.  lumber  at  $10 72 

2.2  bbls.  cement  at  $0.636 1 .40 

19  in.  half  trap. 1 .45 

1  cover 5*26 

Superintendence « ^..^ 1.26 

Total $29,90 


Labor, 


4.23 


9-in.  pip* »B.M  I 

1-C11IJ"! 18  I  o.io 

Jule OS  I 

B.79 

"EoM  pe°  tc^?  to.MM .'.'.  ■.:!:!;;:!;;!!;;;::;;!;;;;;,■;.■;;:.■;.■;     »io ! « 

Coots  Pbb  Foot  df  Maih  Sbtib 

Brick  Pipe 

Seven  Senen 

Muibdn to.ogo  SO.  le 

Catch  bMiia 0,253  O.ZSa 

Catch buin  coDaectiooi O.OSfi  0.089 

Total to. 432  IO.S32 

In  sewer  work  the  operatlom  natuntllr  fEtll  under  three  headings,  viz,: 
trencblDg,  tnasom?.  general  labor.  Trenchiag  fncludee  excavattan.  sheeting 
and  bracing,  pumping  and  bacliBllIng.  The  distribution  of  eipense  of  the 
various  operations  of  construction  Is  given  in  Table  XIII.  which  is  based  on 
65,000  lineal  feet  of  work. 

TiSLB    XIII. — Pbofobtiohal    Division    or    EzriHSis    or    CoNSTancTioN 
Concrete      Brick  Pipe 


Sheeting  and  b 

'aciDg  labor 

Total. 

At  the  time  when  the  invert  is  placed  In  ttie  concrate  or  bilck  sewers,  the 
work  Is  67  and  M  per  cent,  rapectlvdy,  completed. 

Coat  ot  Large  Brick  and  Concrete  Sewers  In  CUcage. — The  following  is 
taken  from  a  paper  b;  H,  R.  Abbott,  before  the  Illhioia  Sodetr  of  Englneeia 
and  8>irve;oia,  as  feprfaited  In  Engineering  sod  Contracting,  Feb.  II,  1914. 

With  the  exception  of  very  small  stretches,  all  ot  the  work,  described  In 
this  paper  Is  built  In  good  stiff  blue  clay,  in  the  Banllary  District  of  Chicago. 

Wat  30th  SIriit  Conduil, — The  total  length  of  this  conduit  was  2.34S  It., 
of  which  1,868  ft.,  was  plain  concrete,  a  section  ot  which  is  shown  in  Fig.  10, 
ami  47S  ft.  relnfor<»d  concrete,  the  relotonnd  section  being  under  i&UroMi 
property.    It  is  12  X  14  ft.  hi  size,  ot  elliptical  section. 

Buta'^iim. — EicBTatloa  was  started  in  open  cut.  A  Bucyrus  70-ton  steam 
shovel  waa  used  with  a  IH  cu.  yd.  dipper.  The  shovel  was  mounted  on  five 
IS  X  iS-in.  timbers.  30  ft.  long,  with  two  Z-ln.  truss  rods  to  each  tlmbei. 
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^3'5f-4^3'5i^ 


The  top  4  ft.  of  trench  was  excavated  about  3  ft.  wider  than  the  outside  liDfiS 
of  the  maaoniy,  since  no  bracing  was  put  in  near  the  top  of  the  trench.  Below 
this  the  trench  excavation  was  made  to  the  exact  width  of  the  mascMiry,  plus 
an  allowance  of  4  ins.  for  sheeting.  Although  a  variation  in  and  out  was 
unavoidable,  it  did  not  exceed  2  ins.  in  either  direction.  The  trench  width 
was  15  ft.  8  ins.;  average  cut  was  23  ft.  6  ins.,  making  an  excavation  of  13.7 

cu.  yds.  per  running  foot.    On  ac- 
.♦,/.5,-i— ^ f^jQ' iH/-8>       eount  of  the  deep  cut,  the  shovel 

was  equipped  with  a  36-ft.  boom 
and  a  54-ft.  dipper  handle.  As 
there  was  liability  of  slides  and 
cave-ins,  the  excavation  was  han- 
dled in  two  lifts.  On  the  first  run 
the  shovel  excavated  the  top  10  ft., 
using  9-ft.  sheeting  with  one  set  of 
bracing  placed  about  6  ft.  below 
the  ground  surface.  The  shovel 
dug  ahead  of  the  finished  cut  from 
75  to  100  ft.,  then  backed  up  and 
excavated  the  lower  13K  ft.  The 
lower  lift  was  taken  out  between 
steel  beams,  each  built  up  of  two 
10-in.  I-beams  with  cover  plates, 
50  ft.  long,  held  in  place  by  screw 
braces  set  7  ft.  back  from  each 
end.  This  replaces  the  ordinary 
wooden  bracing  and  allows  a  free 
movement  of  the  dipper  in  the  trench  for  three  moves  or  36  ft.  When  a 
section  is  finished,  the  beams  are  carried  ahead  by  the  dipper,  the  wooden 
braces  are  replaced  on  the  top  sheeting,  and  another  set  of  9  ft.  sheeting 
is  placed  with  two  sets  of  braces  for  the  lower  portion  of  the  trench,  the  lower 
end  of  the  sheeting  being  at  a  point  where  the  invert  curve  meets  the  side  wall. 
The  lower  sheeting  back  of  the  concrete  was  left  in  permanently.  The  bottom 
was  trimmed  and  shaped  by  four  or  five  bottom  men,  the  material  being  cast 
ahead  where  the  shovel  could  reach  it.  An  iron  frame  or  template  buUt  to 
the  dimensions  of  the  outside  lines  of  the  masonry  was  set  up  every  12  ft.  as  a 
guide  in  trimming  the  sides.  The  excavated  material  was  loaded  direct  from 
the  shovel  on  to  4-cu.  yd.  dump  cars  operating  on  a  3-ft.  gage  track.  Ordi- 
narily, the  upper  lift  made  the  backfill,  and  the  lower  lift  was  run  to  a  spoil 
area  in  McKinley  Park,  a  haul  of  about  H  mile.  The  sheeting  was  2  X  10 
in.  hemlock,  the  braces  8  X  8  in.  and  6X6  in.,  with  strHigers  6  X  8  la.  of 
yellow  pine. 

Concrete. — ^The  concrete  mixer  was  moimted  on  timbers  to  span  the  trench. 
A  No.  2  Chicago  mixer,  holding  25  cu.  ft.  of  dry  material,  was  used.  Adjust- 
able spouts  were  used  for  pouring  the  concrete,  the  spout-man  standing  on 
braces  in  the  trench  and  deflecting  the  concrete  to  any  point  required.  The 
pouring  was  made  in  three  runs,  each  usually  being  about  16  ft.  long.  The 
first  or  dish  extended  to  2  ft.  above  the  bottom  of  the  trench;  the  second,  or 
sides,  extended  2  ft.  above  the  i^ringlng  line;  the  third  or  arch  completing  the 
section.  The  invert  was  shaped  up  with  a  wooden  template  or  bulkhead, 
conforming  to  the  inside  and  outside  lines  of  the  masonry,  on  which  the  f orAB 
weie  placed  after  the  concrete  was  set.    Theforma  were  built  up  of  2  x  6-iii. 


Fig.  10. — Cross  section  of  plain  concrete 
portion  of  the  new  West  39th  St.  con- 
duit, Chicago,  HI. 
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Tablb  XXV. — UiOT  Co0T  OF  CoNSTBUCTiNG  TBS  Plain  Concbbtb  Sbotion  Or 
TOT  West  30th  St.  Conduit — Siz»,  12  X  14  Ft. — Avo.  Cut,  23  Ft.  6  Ins. 


Item 

Excavation,  labor f  2. 53 

Excavation,  plant , 

BackfiH 

Waste  dim>08ai 

Miscellaneoiis 

Coal 

Lumber 


Concrete  laasonry. 

Labor 

Cement 

Sand 

Gravel 

Plant 


Per 

Per 

lin.  ft. 

cu.  yd. 

f  2.53 

$0,188 

0.64 

0.046 

0.86 

0.143 

0.89 

0.120 

0.75 

1.21 

0.90 

10.42 

■   •   •   •   « 

1.315 

1.055 

0.676 

1.103 

0.084 

Total $18.29         $4,133 

Cost  percentases:  For  material  and  plant,  54  per  cent;  for  labor,  46  per  cent. 

Tabxjb  XV. — Construction,  Fobcb  and  Ratks  of  Payment  on  W.  39th  St. 
Conduit,  to  Accompany  Costs  in  Tablb  XIV 

Wage  per 
Employee  day 

1  superintendent $8 .  00 

1  shovel  engiiieer 7 .  00 

3  dinkey  engineers,  each 3. 60 

1  cranesman 4 .  50 

1  fireman 3.00 

3  switchmen,  each 2. 26 

2  flagmen,  each 1 .  76 

1  coal  passer 2 .  60 

3  foremen,  each 4.60 

1  bcMstiiig  engineer '. 5. 60 

4  bottom  men,  each 3.85 

50  to  60  laborers,  each 2.50 

1  team 5.00 

1  carpenter 4 .  80 

1  machinist 3 .  50 

1  machinist's  helper 2 .  50 

1  office  boy 2.00 

1  material  man 2. 50 

1  watchman 2. 50 

3  water  boys,  each 1 .  00 

Lagging,  laid  on  6-in.  channels,  bent  to  shape.  At  the  springing  line,  a  6  X  6- 
Ln.  timber  rested  on  angles  bolted  to  the  channel,  being  held  in  place  by  a  J4-in. 
3in  running  through  botb  timber  and  angle.  After  the  sides  were  poured 
%ad  set,  the  braces  were  removed  and  the  lagging  placed  for  the  crown.  The 
»im«n«ift  for  the  arch  were  reinforced  with  two  plates.  ^ 

No  manlKries  were  built  and  no  lateral  connections  were  made,  but  24-in. 
ile  were  set  in  the  arch  at  intervals  for  future  connections.  The  contract 
pedfled  a  ccmcrete  composed  of  1  part  Portland  cement,  3  parts  sand,  and  5 
*ATtB  cni^ed  stone  or  gravel;  the  engineer,  under  the  specifications,  having 
be  right  to  vary  the  proportions  of  fine  and  coarse  aggregate,  but  maintain- 
ng  the  proportion  of  1  part  cement  and  8  parte  aggregate.  Gravel  proved 
C37  satisfactory.  The  mix  was  fairly  wet,  except  on  the  crown  of  the  arch, 
^here  a  dry  mix  was  necessary  to  prevent  the  concrete  running. 
The  average  progress  per  day  oi  9  hours  wa^  30  ft.  for  hoth  shovel  and  mixer, 
*T  the  plain  section.    This  means  420  cu.  yds.  of  excavation,  with  disposal  in 
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backfill  or  spoil  bank.  The  actual  cost  of  excayation,  backfill,  and  spoiling  can 
be  seen  by  reference  to  Table  XIV.  The  concrete  averages  2H  cu  yds.  per 
ft.  A  daily  average  of  75  cu.  yds.  was  placed.  The  average  progress  per  day 
on  the  reinforced  section  was  24  ft.  per  day,  the  slowing  up  being  due  to 
the  time  used  in  placing  the  reinforcing  steel. 

On  the  same  platform  with  the  mixer  was  mounted  a  small  boom  derrick  and 
hoisting  engine.  This  faciUtated  the  removal  of  stringers  and  braces,  and 
pulled  the  mixer  platform  back  and  forth.  The  material  for  ocMicrete  was 
delivered  to  a  platform  laid  on  the  ground  alongside  of  the  mixer,  being 
hauled  in  4-<;u.  yd.  dump  cars  by  dinky  engines  an  average  distance  of  ^  mile. 

Reinforced  Section. — This  section  is  of  the  same  dimensions  as  the  plidn, 
bpt  was  reinforced  to  strengthen  the  conduit  where  it  passed  under  railroad 
property.  The  same  methods  of  construction  were  used  as  on  the  plain 
section.    The  reinforcing  steel  averaged  44  lbs.  to  the  cubic  yard  of  concrete. 

Backfill. — Backfill  was  made  by  the  4-yd.  dump  cars,  track  being  swung 
in  over  the  conduit  as  the  filling  progressed.  Centers  were  left  in  until  tbe 
sides  were  thoroughly  compacted  and  at  least  1  ft.  of  filling  had  been  placed 
over  the  top  of  the  arch.  Unit  costs  on  the  reinforced  concrete  portion  of 
this  sewer  are  given  in  Table  XVI. 

Tabud   XVI. — Unft   Cost   op   Constructino   thb   Reinfobcbd    Concbkts 
Section  of  the  W.  39th  St.  Conduit— Size,  12  X  14  Ft.  Avg.  Cut,  22  Ft. 


-CoBt- 


Per  Per 

Item                                                                                            lin.  ft.  cu.  yd. 

Excavation,  labor $2.43  $0. 194 

Excavation,  plant 0. 64  0.046 

Backfill 1.24  0.249 

Waste  disposal 0.31  0.041 

Miscellaneous 2 .  26  

Coal 1.21  

Lumber 0. 99  

Concrete  masonry 14.85  

Labor 1.975 

Cement 1.055 

Sand 0.576 

Gravel 1 .  103 

Reinforcing  steel 1 ,  103 

Plant 0.084 


Total $23.93         $5,896 

Cost  percentages:  For  material  and  plant,  53  per  cent;  for  labor,  47  per  cent. 

8ovih  52nd  Are.  Sewer  {Cicero  Section). — This  is  a  three-ring  brick  sewer 
with  a  total  length  of  10,000  ft.,  of  which  7,300  ft.  was  7M  ft.  and  2,700  fl. 
was  7  ft.  in  diameter;  1,050  ft.  of  the  7H-tt.  section  was  in  tunnel. 

With  the  exception  of  the  tunnel  the  entire  sewer  was  built  on  the  line  of 
an  old  4  X  5-ft.  wooden  box  sewer.  The  sewage  flow  was  usually  hdd  back 
for  periods  of  8  to  16  hours,  depending  on  rain  fall,  by  a  temporary  gate, 
consisting  of  an  enclosed  box  3  X  3  X  12  ft.,  having  a  sliding  door  worldlier 
vertically  about  4  ft.  from  the  upstream  end.  The  old  wooden  box  sewer  was 
first  uncovered  at  a  point  600  to  1,000  ft.  ahead  of  the  steam  sboveL  After 
the  top  was  removed,  the  gate  was  lowered  into  the  old  box  ana  packed  In 
place  with  sand  bags.  The  gate  was  operated  by  a  lever  at  the  ground  lereU 
by  a  night  watchman,  who  generally  closed  the  gate  at  6  a.  m.  and  opened  it  at 
7  or  8  p.  m.  A  45-ton  Bucsmis  steam  ^ovel,  equipped  with'  a  IH-cu*  7<t. 
dipper,  excavated  the  trench,  placing  the  excavated  material  alons^de.    Tbe 


For  labor,  At  per  0 
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The  average  number  of  brick  laid  per  day  per  bricklayer  was  4,000  in  the 
7-ft.  section  and  5,900  in  the  7hi-4t.  section.  BackfiUing  was  done  with  a 
Monag^ian  levcdYlng  derrick,  equipped  with  a  Page  orange  peel  bucket, 
capacity  1  cu.  yd.  This  is  a  very  efficient  machine  for  backfilling,  but  tbe 
operator  should  avoid  dropping  the  load  from  any  distance,  as  It  is  liable  to 
crack  the  masonry,  especially  when  working  during  wet  weather,  when  tbe 
backfllHng  is  saturated  with  water. 

Table  XVIII. — Unit  Costs  of  Constructing  the  Cickbo  Section  of  thi 
South  52nd  Ave.  7-pr.  6^iNt  Bbxck  Sbwbb — Avekaoe  Cut,  SO  Ft. 

OoBt 

Per  Per 

■  Item                                                                                      lin.  ft.  cu.  yd. 

Exoavation,  labor f  1 .  63  10.226 

Excavation,  plant 0, 28  0.040 

BackfiU,  labor 0.43  O.110 

BackaiL  plant , 0. 14  0.038 

Waste  disposal 0.41  0.417 

Pnmplng 0. 16 

MisoeUaneouB 0. 81 

Coal 0. 35 

Lumber 0 .  47 


•  «  • 


Briok  masonry 7.50 

Labor f2 .  10 

Teaming  sand  and  cement 0.80 

Brick 4.08 

Cement , 0. 67 

Sand 0.29 

Total.... 812.17  $7.34 

Cost  percentages:, For  materials  and  plant.  53  per  cent.    For  labor.  47  per 
cent. 

Table  XIX. — Construction  Force  and  Rates  of  Payment  on  Cxcebo 
Section  op  the  South  52nd  Avjjnub  7-ft.  anp  7-ft,  6-in,  Brick  Sewers. 
To  Accompany  Costs  in  Tables  XVII  ANfa  XTIiI 

Wage 

Employes  per  day 

1  superintendent , 8  8.00 

2  foremen,  each 5.00 

1  shovel  engineer 8.00 

1  hoisting  engineer , , 6. 60 

1  cranesman 4.70 

1  shovel  foreman 3.26 

1  derrick  foreman 2.75 

2  pump  foremen,  each 3.00 

1  watchman 3.00 

1  bricklayer 12.00 

5  bricklayers,  each 10.00 

3  tenders,    ach 3. 78 

4  cement  mixers,  each 3.0ft 

6  cement  carrieiSs.  each 3.28 

4  to  8  bottom  men,  each 3*781 

5  bracers,  eadi. 4»4(0 

2  center  men,  each 3,78 

1  blacksm  th 8,  jO 

1  blacksmith  helper 3.00 

3  scaffold  men  each 8.78 

3  brjpk  tossers,  each 2. 85 

4  bnok  wheelers,  each "^         8.00 

6  roller  men,  each 8180 

1  material  man ''25 

1  timekeeper ^**5 

2  Waterboys,  each 1.00 

10  to  20  common  laborers,  each S.OO 

1  to  3  teams,  each O.pO 


daj.  One  vhi^t  wa^  flunk,  from  wMch  two  headfogH  were  run.  In  Fig,  11  Is 
ibown  tile  method  of  timbering  in  good  stiff  day.  In  poor  ground,  tlie 
crutches  would  be  made  longei.  wltii  ttie  lower  end  set  below  Ibe  spring  line, 
taa  tbe  2  x  10-in.  plonk  M  the  rod  would  be  placed  closer  tocetlier.    Tbeei- 
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.  cavaled  nuterUl  was  dumped  trom  the  shaft  into  r&llToad  cars  and  hauled  3 
mlka  to  Western  Ave. 

The  method  ol  Bettfox  up  the  centers  lor  the  &rch  after  the  Invert  to  b<dlt 
and  tlmberlDB  reDioved  Is  shown  In  Fig.  12.  The  loose  bride  seen  Inside  d 
the  Invert  support  the  oenteis.  spaced  4  ft.  apart;  2  x  4-ln.  lagging  is  thai 
placed.  The  earth  at  the  roof  Is  supported  b;  2  X  i-ia.  props  reBting  on  ttw 
lagging,  reinforced  by  a  2H-ln.  Iroa  prop  extending  from  tbe  floor  of  the 
Invert  to  the  crown  plank  at  ro«rf. 

The  average  progress  for  24  bours  was  12M  't.  In  each  heading,  or  2S  tt.  p«c 
dv  for  both  headings.  The  Bvemge  number  of  biick  laid  per  B  houis  pec 
bricklayer  was  3,000, 


el  secUoa  of  8.  SZad.  Ave.  sewer  ahowing  invert  built,  timberiiic 


Mijcellincoua 

Brick  DISM.DD 


'Note — MsBOory  rum  1  ci 


^ixy  contracton  cnarge  on  toe  entire  plant  to  tne  joD.  no  isr  h  I  am,  lor 
f^ftSfieTy  mch  aa  steam  shovels,  dlnklea,  etc.,  It  Ii  [air  to  Bi^ead  the  plant 
f-  t^vet  a  period  i^  ten  Tears,  allowliie  taterest  at  fl  per  cent  on  first  cost, 
g  ^jjliUnir  a  depredation  charge  a!  IB  per  cent  per  year.     Alterallong,  Dt- 
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ting  up,  freight,  small  tools,  etc.,  are  directly  chargeable  against  the  Job»  and 
should  be  added  to  the  above  16  per  cent  on  cost  of  machinery  and  slmllai 
equipment  for  total  plant  charges  against  any  piece  of  work. 

In  considering  the  overhead  charge  to  be  made,  some  figures  must  be  takes 
in  making  up  ah  estimate.  This  is  more  apt  to  be  too  small  than  too  laige. 
In  Illinois,  liability  insurance  will  cost  from  7H  to  11  per  cent  of  the  payroll, 
and  on  work  described  in  this  paper,  the  labor  item  is  about  50  per  cent  of  the 
total  field  cost  for  open  cut  work,  and  about  70  per  cent  for  tunnel  work. 
This  makes  a  charge  of  3>^  to  8  per  cent  of  total  for  insurance,  to  begin  witb. 
Office  rent,  telephone,  cost  of  getting  work,  and  other  items  may  increase  this 
to  10  or  15  per  cent.  Adding  15  per  cent  for  profit,  we  thus  have  25  to  30  per 
cent  to  add  to  the  field  cost.  The  cost  per  lineal  foot  on  the  various  Jobs  on 
which  cost  data  are  given  in  the  tables  and  also  the  field  cost  percentages  for  the 
component  parts  of  the  various  jobs  are  given  in  Table  XXII.  With  the  aid 
of  the  data  contained  in  the  tables,  reinforced  by  current  market  quotaticms 
on  material,  the  author  has  made  estimates  for  similar  kinds  of  sewer  worlc. 
in  the  aggregate  about  one-half  million  dollars.  Such  estimates  agree  with 
the  low  bid  within  4H  to  7  per  cent.  In  transferring  the  unit  costs  for  worlc 
already  performed  to  new  estimate,  due  consideration  must  be  made  for  dif- 
ferences  in  the  local  conditions,  character  of  the  soil,  increased  cost  of  labor, 
and  the  availability  of  standard  types  of  machine  to  handle  the  work. 

Table  XXII. — Cost  pbb  Lineal  Foot  of  Labob  Concbete  and  Bbick  Sbwebs 
WITH    Pbopobtional    Distbibution    op    Field     Costs 

Cicero  section 
Looation  — W.  39th  St.  conduit So.  52nd.  Ave.  sewer 

Siae 12X14ft.  12X14ft.  7  ft.  7ft.  6  ins.  7ft.6ini. 

Type Plain  Reinf.  Brick  Brick  Brick 

cone.  cone. 

Average  out 23  ft.  6  ins.  22  ft.  0  ins.  21  ft.  20  ft.  Tunnel 

Total  cost  per  ft 118.29  $23.93  114.33  112.17  $19.70 

Distribution —  % 
Brick  or  concrete 

masonry 56.9  62  53.2  61.5  47.6 

Excavation 17.3  13  17.4  15.7  82.9 

Backfill 4.7  5  6.6  4.7 

Waste  disposal 4.8  1  7.0  3.4  10.4 

Miscellaneous 4.1  10  4.3  6.7  6.4 

Coal 6.7  5  2.5  2.9 

Lumber 5.4  4  7.7  8.9  2.0 

Pumping ..  1.3  1.2  .... 

Cost  of  Sewer  Maintenance  at  Newton,  Mass.  (Engineering  and  Contracting, 
April  9,  1919.) — During  1918  the  dty  engineer'sdepartment  of  Newton.  Mass., 
cleaned  and  repaired  129.78  miles  of  sewer,  the  average  cost  per  mile  amount- 
ing to  $75.25.    The  cost  of  fiushing  sewers  was  $21.20  per  mile. 

Costs  of  Operation  of  a  Sewer  Cleaner  with  Motor  Operated  Cvttert. — 
Engineering  and  Contracting,  March  15,  1911,  gives  the  following:  « 

The  cleaner  consists  of  a  barrel  provided  with  four  runners  on  whldi  it  rides 
when  moving  through  the  sewer.  Within  the  barrel  is  a  water  motor,  the 
shaft  of  vfhich  extends  out  of  the  front  end  and  carries  a  series  of  hook-shaped 
cutting  blades.  The  rear  end  of  the  barrel  is  provided  for  a  hose  connection 
by  means  of  which  the  water  for  operating  the  motor  is  delivered.  FinaUj 
there  are  rope  connections  in  front  and  rear.  In  operation  a  hose  from  the 
nearest  hydrant  is  attached  to  the  barrel  and  the  cleaner  is  hauled  through  the 
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u  u  iodloted  by  Fig.  13.  As  the  cleaner 
advaocss  ttw  cuttliis  blada  opcisted  by  the  motor  cut  Mid  grliKl  away  tba 
sediment  which  Is  caitied  awky  by  the  BtreAm  ot  waste  water  from  the  motor. 
Tbe  boss  has,  of  ooune,  to  be  long  enough  to  leacb  from  tbe  hydrant  down  the 
flrat  manhole  and  tbrou^  tbe  aewBr  to  the  second  manhole.  Four  men 
nominaUy  operate  the  deaoer,  two  ahead  operating  the  second  wlndlaw  to 
pull  the  cleaner  and  two  at  the  first  manhole  to  feed  In  the  hoee  and  back  rope. 
As  indicating  the  efSdeocy  and  cost  of  operating  the  deaner  we  give  tba 
f<rilowlng  eroeipta  from  a  report  by  Theodore  N,  Alsb,  Eogineer  In  Charge  at 
ComprehenslTe  Bewer  Syatem.  Kansas  Ctty.  Mo.,  ol  a  test  run  made  Dec.  T, 
1910:  The  sewer  was  an  18-ln.  pipe  sewer  and  the  length  cleaned  between  nun- 
boles  was  371  ft.  At  13:20  p.  m..  the  crew,  consisting  <4  4  laborers,  1  forenuui 
and  1  team  began  the  work  ot  stringing  hose  to  tbe  nearest  fire  plug,  l.afio  ft. 
distant,  and  getting  rode  through  the  stretch  of  sewer  between  manholei  No. 


Fio,  13. — Method  of  using  Hwer  oleaner. 

1  and  No.  Z.  preparatory  to  running  the  machine  through.  All  preparatory 
work  was  done,  water  turned  on  and  tbe  machine  started  from  manhole  No. 

2  at  3  p.  m.  A  few  minutes  after  the  machine  was  started  a  length  of  hose 
burst,  wiiich  caused  dday  ot  IZ  minutes  while  a  new  length  was  being  put  In. 

Tbe  machine  was  token  out  at  manhole  No,  1  at  3:42  p,  m,  having  traveraed 
the  371  feet  of  pipe  in  42  miautes.  or  deducting  the  12  minutca  delay  for  repair- 
ing hose,  the  actual  time  of  cleaning  the  sewer  was  30  minutes.  The  hoee 
was  then  token  up  and  rolled  and  eTerythlng  cleaned  and  put  away  by  5 :30 
p.  m.  That  Ibis  sewer  was  actually  cleaned  was  ahown  by  ninning  a  Shannon 
bucket  tlirough  the  sewer  after  the- machine  had  gone  through.  In  the  whole 
length  of  this  sewer  only  about  hi  (x.tt.  d  dirt  was  gathered  in  the  bucket. 
Tbe  cost  (rf  tbe  cleaning  was  as  follows: 

Foreman,  E  boun  at  37W  cts-    «I.B6 

Team,  BhounatSOots 3.B6 

Labor,  20  boors  Bt2Scti 5X» 

Total  labor  eoet ».3B, 
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The  length  of  sewer  cleaned  being  371  ft.,  the  cost  per  foot  was  2.52  eta. 
Another  report  gives  the  cost  of  14  days'  work  cleaning  7,801  ft.  of  sewer  as 
3.16  cts.  per  ft.,  including  cost  of  shifting  machine  from  job  to  job. 

Valuation  and  Deiveciation  of  the  Sewers  of  Manhattan  Borough.  New  Tork 
City. — The  following  data  are  taken  from  an  article  in  Engineering  News,  Jan. 
8,  1914,  by  Otto  Hufeland. 

The  sewer  valuation  here  described  is  part  of  a  plan,  formulated  by  the 
accounting  officers  of  the  City  of  New  York,  to  set  up  a  capital  balance  sheet 
which  would  show  the  City's  assets  and  liabilities,  both  bonded  and  otherwise. 
o£Fset  by  its  property  real  and  personal,  in  the  same  manner  as  that  of  a  rail- 
railroad  or  industrial  corporation.  The  value  of  such  an  accounting  is  not 
confined  to  this  balance  sheet,  but  is  an  obvious  aid  in  budget  making  and  in 
the  control  of  the  city's  financial  affairs. 

Among  the  several  classes  of  " permanent  property"  owned  by  the  city,  the 
cost  of  which  is  largely  represented  in  the  outstanding  bonds  are  the  seweis. 
which  in  such  an  accounting  must  be  entered  as  an  asset,  not  at  their  original 
cost,  but  at  their  present  value,  to  determine  which  was  the  object  of  this  work. 

A  committee  of  engineers  was  designated  to  prepare  a  general  outline  for 
the  finding  of  values  for  the  city's  permanent  property,  but  after  much  dis- 
cussion the  committee  confined  its  recommendations,  so  far  as  they  relate  to 
sewers,  to  two  points  and  merely  advised:  (1)  that  original  cost  be  made  the 
basis  of  the  valuation  and  (2)  that  in  fixing  this  cost,  the  cost  of  the  pavem^t 
should  be  omitted  or  at  most  that  only  the  cost  of  a  cheap  (cobblestone) 
pavement  be  included. 

Brick  Sewers. — In  the  study  of  the  question  of  how  much  should  be  deducted 
for  depreciation,  the  examination  of  brick  sewers,  due  to  their  accessibility, 
srielded  good  results.  The  routine  of  the  examination  of  these  sewers  con- 
sisted in  cleaning  o£F  the  brickwork  with  a  short  broom,  tapping  the  same  with 
a  light  hanuner  to  determine  solidity  and  testing  the  cement  joints  by  scrap- 
ing with  a  chisel.  In  addition,  measurements  of  height  and  width  were  taken 
about  every  fifty  feet.  The  bricks  of  the  invert  at  and  below  the  flow  line 
were  examined  for  wear.  This  last  test  3rlelded  no  result  except  in  a  single 
instance  where  a  sewer  about  forty  years  old  and  with  an  exceedingly  rapid 
flow  showed  a  very  slight  rounding  of  the  exposed  face  of  the  brick  at  the 
joints. 

A  study  of  the  reports  of  these  examinations  disclosed  that  the  following 
defects  were  noticeable: 

t 

1.  Cement  partly  out  at  water  line. 

2.  Cement  partly  out  above  water  line. 

3.  Depressed  arch  and  sewer  slightly  spread. 

4.  Large  oi>en  joints. 
6.  Loose  brick. 

6.  Bond  of  brickwork  broken. 

7.  Distorted  sides,  uneven  bottom,  joints  out  of  line. 

These  seven  defects  show  the  progressive  deterioration  of  brick  sewers  in 
the  order  in  which  they  occur  under  the  conditions  existing  here  (and  probably 
everywhere  else).  They  are,  of  course,  not  sharply  defined,  and.  iiassing  from 
one  step  into  another  and  coupled  with  the  difficulty  under  which  sewer  exami- 
nations are  made,  cannot  be  determined  with  as  much  accuracy  even  as  would 
be  possible  in  an  exposed  structure. 
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TABhm    XXIII 

Examined  by G  G 

Date  of  construction 1868  1869 

Location 46th  St.  2nd  to  Ave.  A,  62-66  Sts. 

Lexington  Ave. 

Length  in  ft 928  1120 

Siae N 4'X2'8"  3'0"  arc 

Good  condition,  0 

Cement  out  at  flow  line,  2 z  z 

Cement  out  above  flow  line  6 z  z 

Depressed  arch  and  sewer  spread,  12 z  z^ 

Large  opten  joints,  25 z  z 

Loose  brick,  47 

Bond  of  brickwork  broken,  72 •. . .  

Distorted  sides  and  joints  out  of  line.     Un- 
even bottom,  100 

Total  or  average 46  45 

Table  XXIII  shows  the  allowances  deducted  to  determine  the  depreciation 
of  brick  sewers. 

In  the  table  the  value  of  each  of  the  defects,  as  shown  by  Fig.  4,  was  noted 
and  the  sum  of  these  was  taken  as  showing  the  total  deterioration  of  the  sewer. 
For  example  a  sewer  with  "  large  open  Joints  "  was  rated  at  45  (2  +  6  +  12  + 
25)  if  aU  the  preceding  stages  of  deterioration  were  found,  but  if,  for  instance 
the  examination  disclosed  no  "depressed  a^ch  and  sewer  spread,"  valued  at 
12.  the  rating  would  be  33  (2  +  6  +  26). 

Figs.  14  and  16  were  prepared  from  the  data  prepared  from  the  inspectors' 
reports. 

Pipe  Sewers. — No  wear  of  the  pipe,  due  to  age,  is  noticeable,  and  all  the 
deterioration  found  was  due  (1)  to  setti^meat  and  (2)  to  a  tendency  of  the 
pipe  to  break  at  and  above  the  center,  due  perhaps  to  the  load  imposed  on 
the  top  or  even  to  some  form  of  disintegration  due  to  this  weight.  Nearly 
all  of  the  fractures  are  on  the  upper  half  of  the  pipe  and  occur  more  often 
in  the*  larger  sizes.  The  sizes  used  in  Manhattan  Borough  were  12,  16  and 
18  in.  diameter  and  these  breaks  occuired  so  often  in  the  largest  size  that  its 
use  was  discontinued  in  1887.  It  occurred  less  in  the  15-in.  pipe  and  still  less 
in  the  12-in. 

About  2H  miles  of  various  sizes  of  pipe  sewers  were  examined  by  "cand-. 
ling,"  or  by  fastening  a  lighted  candle  to  a  caliper  and  slowly  pui^ing  this 
through  the  sewer  from  manhcde  to  manhole  by  means  of  rods,  while  the 
interior  thus  lighted  up  was  exunined  by  observers  stationed  at  the  manholes. 
The  result  was  imsatisfactcHy,  and  furnished  insufficient  data  to  be  used  alone 
in  determining  a  value. 

It  was  therefore  necessary  to  find  some  other  means  before  determination 
could  be  made.  The  only  data  of  value,  in  addition  to  the  little  supplied 
by  the  examination  just  described,  were  those  obtained  from  the  experience 
gained  in  renewing  and  repairing  such  sewers  or  in  inserting  spurs  for  house 
connections.  In  this  the  writer  had  the  benefit  of  the  knowledge  of  the  men 
who  had  been  in  charge  of  this  work  for  some  twenty-five  years,  and  from  that 
and  the  examinations  described,  as  well  as  a  great  many  others  made  under  his 
supervision,  the  writer  formulated  the  curves  shown  in  Fig.  16. 

Due  to  the  varying  strength  of  the  three  sizes  used,  three  curves  were 
plotted,  the  18-in.  curve  ending  at  1887  when  the  use  of  such  pipe  was  discon- 
tinued. It  will  be  nbtioed  that  a  rapid  decrease  in  value  is  shown  in  sewers 
built  before  1887.    This  is  due  to  the  constructicm  above  described.    These 


HANDBOOK  OF  CONSTRUCTION  COST 
a  be  used  Ulie  tboae  tor  inldE  Hnrera.  ao  that  values  can  b 


NOIJ.VIIOIII3J.3(] 


S.g3 


n 


a«VlN  33113  d 


762  HANDBOOK  OF  CONSTRUCTION  COST 

iDB^etsUafB  pay  this  made  $5  for  every  10  or  12  yd.  of  rock  excavated,  or  from 
40  to  50c.  per  cu.  yd. 

If  the  cost  of  earth  excavation  and  refilling  be  assumed  at  from  40  to  50c. 
per  cu.  yd.  it  will  be  offset  by  the  "  over-head ' '  charges  for  rock.  For  example, 
if  the  bid  for  rock  excavation  is  $4  per  cu.  yd.,  the  "  overhead  "  charges  of  50c. 
will  bring  the  actual  cost  to  $4.50.  If  the  earth  excavation  costs  50c.  per 
cu.  yd.  the  difference  in  cost  between  the  two  kinds  will  be  $4,  the  price  bid  for 
rock.  If,  therefore,  in  determining  the  value  of  a  sewer  when  rock  excavation 
was  necessary,  the  bid  price  of  rock  is  deducted,  the  remainder  will  be  the  cost 
of  that  sewer  in  earth  at  the  present  cost  of  excavation.  The  cost  of  the  sewer 
in  earth  excavation  found  as  above  described  has  been  used  as  a  basis  of  valua- 
tion in  such  cases. 

It  is  important  to  call  attention  to  the  fact  that  the  present  value  of  the 
sewers,  etc.,  given  in  the  report,  is  based  upon  the  assumption  that  in  any 
changes  of  the  sewerage  system,  the  new  sewers  would  be  rebuilt  in  the  same 
location,  and  that  any  such  reconstruction  involving  a  change  of  locaticm 
would  leave  the  present  system  without  any  value  whatever. 

The  tabulations  accompanying  the  report,  covering  73  pages,  12  X  13  in. 
in  size,  give  the  kind,  size,  length  in  feet,  number  of  manholes,  cost  per 
foot,  and  totid  cost,  as  well  as  Yshie  per  foot  and  total  value  for  each  size  oi 
sewer,  together  with  the  cost  and  value  of  the  catch  basins  and  manholes. 

A  series  of  about  7000  reference  cards,  5  X  8  in.,  was  prepared,  one  for  each 
block  of  street  front  in  the  borough,  on  which,  beside  a  sketch  of  the  block, 
was  noted  all  the  data  mentioned  in  the  foregoing  paragraph. 

The  original  computation  sheets,  from  which  all  this  work  was  copied,  in 
addition  to  the  data  already  mentioned,  contained  the  date  of  constructioi), 
percentage  of  depreciation  and  the  contract  price  and  the  amount  of  rock 
excavation.  Where  no  rock  was  excavated  the  contract  price  of  the  sewer 
was  used  to  compute  the  value.  Where  rock  was  found  the  cost  of  rock 
excavation  per  foot  of  sewer  without  depreciation  was  added  to  the  value  of 
the  sewer  found  as  above  and  the  sum  was  assumed  to  be  the  value  in  such 
cases.  This  resulted  in  a  wide  variation  in  the  values  of  the  same  size  of  sewer, 
but  it  comes  nearer  the  true  value  than  any  other  method  found  by  the  writer, 

The  following  grand  summary  of  the  valuation  is  taken  from  the  report: 

RacAPXTin^TioN  or  Classified  Summabt  of  Sbwbbs 

Cost,  including 
Kind  of  sewer  Feet  Manholes        manholes  Value 

Brick 1,767.414H     16,917       $16,779,932  $13,532,099 

Wood 26,249  168  394.034  334.948 

Pipe 767.611H       7,298  5,782,485  4.112.076 

2.551.275         24.383       $22,956,451  $17,979,123 

6172  Catch  basins  923,875  685,798 

$22,880,326  $18,664,921 

24.383  Manholes  $842,500  $633,304 

The  foregoing  summary  includes  125  various  sizes  of  brick  sewers,  17  sizes 
of  pipe  sewers  and  23  sizes  of  wooden  sewers,  a  total  of  165  with  all  kinds  of 
manholes  and  perhaps  25  varieties  of  catch  basins. 

The  work  of  preparing  the  report,  including  the  cards,  extended  over  a 
period  of  about  ten  months  and  involved  a  total  expenditure  of  $6053.  It 
could  probably  be  kept  up  to  date  at  an  annual  expense  of  about  $500. 


CHAPTER  XII 
SEWAGE  TREATMENT 

Sewage  treatment  Plants  are  structural  combinations  of  such  tjrpes  of 
work  as  excavation,  concrete  construction,  vitrified  or  cast  iron  pipe,  hauling, 
etc.  Unit  costs  for  these  different  kinds  of  work  are  given  in  the  various 
chapters  of  this  volume  and  may  be  readily  found  by  referring  to  the   index. 

In  this  chapter  are  given  many  general  costs  given  in  such  terms  as:  Cost 
per  capita,  cost  per  million  gals,  cost  per  acre,  etc.  There  are  also  given 
certain  specific  construction  and  operating  costs. 

For  costs  of  pumps  and  pumping  the  reader  is  referred  to  Gillette  and  Dana's 
'^.Mechanical  and  Electrical  Cost  Data." 

Cost  of  Sewage  Treatment  Plants  in  Illinois. — ^T€U>le  I  herewith  gives  cost 
data  pertaining  to  19  sewage  treatment  plants  of  various  types  in  the  state  of 
Illinois.  These  data,  from  the  report  of  the  Committee  on  Sewerage  and  Se- 
wage Disposal  of  the  Illinois  Society  of  Engineers,  are  published  in  Engineering 
and  Contracting,  Feb.  23,  1916. 

The  Committee  believes  that  in  general  too  little  money  has  been  spent  on 
sewage  disposal  plants  in  Illinois.  Consequently.,  many  of  them  are  not  of 
sufl^cient  capacity  properly  to  do  the  work  required  of  them.  The  result  is 
that  some  of  the  plants  have  not  sufficiently  relieved  the  conditions  for  which 
they  were  built. 


Table  I. — Cost  Data  on  19  Illinois  Sbwaqb  Tbbatmjent  Plants 


City 


Estimated 
tributary 
population 


Type  of  plant 


Molina 5,000 

La  Grange 5,300 

Barrington 1,000 

North  Chicago 3 ,  500 

Lake  Forest 3,000 

Ft.  Sheridan 1,000 


Great  Lakes. 


800 


Morton  Grove 1 ,  200 

Sandwich 2,500 

Downers  Grove 2 ,  000 

Galva  No.  1 800 

GalvaNo.  2 1,200 

Woodstock 4,350 

Harvard 3,000 

ArUngton  Hgts 3,000 

Aledo 2,000 

Geneva 2,400 

Toulon 2,000 

Pana. 4,000 

48 


Pump  station,  Imhoff  tanks, 

disinfection 

Pump  station,  settling  tank, 

sprinlcling  filter 

ImnofF  tanks  and  sand  filter. 

Septic  tank  and  filters 

Septic  tank  and  filters 

Septic   tank,    sprinkling   and 

sand  filters 

Septic    tank    and    sprinkling 

niters 

Imhoff  tank  and  sludge  bed . .  ■ 
Imhoff  tank  and  sand  filters. 
Septic  tank  and  sand  filters . . 
Septic  tank  and  trickling  filter 
Imhoff  tank,  trickling  niters. 

Septic  tank,  sand  filters 

Septic  tank,  sand  filters 

Septic  tank,  sand  filters 

Septic  tank,  trickling  filters.. 

Imhoff  tank,  Fox  River 

Imhoff  tank,  trickling  filters. 
Imhoff  tank,  trickling  filters. 

753 


Cost  of 

— construction — 

Per 

Total 

capita 

$10,700  $  2.14 

40,000 

7.56 

6,000 

6  00 

8,300 

2.38 

8,575 

2.86 

45,990 

45  99 

35,940 

44.80 

12.815 

10.70 

10,915 

4.36 

7,980 

3.99 

3,700 

4.62 

4,700 

3.92 

10,874 

2.60 

11.980 

3.99 

11,950 

3.98 

4.500 

2.25 

6,500 

2.70 

.7.790 

3.89 

31,000 

7.75 
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The  Committee  believes,  further,  that  the  engineer^  should  be  the  first  to 
advise  as  to  the  proper  size  and  capacity  of  plants,  an^'that  he  should  make  his 
cost  estimate  sufficiently  high  to  cover  a  plant  of  reasonable  size  and  proper 
loadings  to  do  the  work  for  which  it  was  built. 

The  members  of  the  Committee  were  Samuel  A.  Gieely,  ChaJiman;  Winfred 
D.  Gerber  and  Frank  M.  ComK^. 

Cost  of  Sewage  Treatment  Plants  in  Ohio. — ^Tables  II,  III,  and  IV  are, 
given  in  an  article  published  in  Engineering  and  Contracting,  Dec.  13,  1911, 
by  R.  Winthrop  Pratt,  formally  chief  Engineer  Ohio  State  Board  of  Health. 

Cost  of.  Disinfection  of  Sewage  with  Hypochlorite. — The  following  matter 
is  taken  from  an  abstract  of  the  1912  annual  report  of  the  Mass.  State  Board  of 
Health  published  m  Engineering  and  Contracting,  Jan.  29,  1913. 

Three  separate  coimts  of  bacteria-^',  e.,  total  colonies  on  agar  plates  incu- 
bated four  days  at  room  temperature  and  total  and  red  colonies  on  litmus 
lactose  agar  plates  incubated  24  hours  at  body  temperature — have  been 
made  on  all  samples.  It  has  be^i  found  that  waters  in  Massachusetts  suitable 
for  drinking  usually  contain  less  than  100  bacteria  per  c.c.  determined  at  room 
temperature,  and  that  the  total  number  of  bacteria  developing  on  litmus 
lactose  agar  at  body  temi>erature  is  usually  less  than  10  per  c.  c,  and  th^ 
number  of  red  colonies  on  such  plates  is  usually  less  than  5  per  c.  c.  This  we 
have  called  the  "drinking  water"  or  "  100—10 — ^5"  standard.  For  purposes 
of  comparison  two  other  standards  containing,  respectively,  10  and  100  times 
as  many  bacteria  as  the  drinking  water  standard,  and  designated  the  "  1,000 — 
100 — ^60"  and  the  "10,000 — 1.000 — 500"  standards,  have  been  assumed. 
These  latter  correspond  approximately  to  the  upper  and  lower  limits  of  bac- 
terial counts  on  river  waters  receiving  more  or  less  pollution. 

JSffect  of  Time  of  Storage  Upon  Efficiency  of  Hypochlorite  Disinfection. — 
In  the  laboratory  experiments,  ^alyses  of  all  samples  were  made  at  intervals  of 
1,  2, 4,  6  and  24  hours  after  the  disinfectant  was  added,  and  in  the  experiments 
in  which  the  entire  volume  of  settled  sewage  applied  to  Filter  No.  248  was 
treated  daily  with  hjrpochlorites.  Many  series  of  hourly  samples  were  col- 
lected of  the  disinfected  sewage  as  it  flowed  upon  the  filter.  While  there  is 
some  disagreement  in  the  results  of  the  various  experiments,  it  is  possible 
to  determine  approximately  the  relative  amounts  of  disinfectant  which  would 
be  required  to  yield  similar  results  with  different  storage  periods.  In  all  cases 
the  greater  portion  of  the  work  of  disinfection  occurred  during  the  first  hour, 
after  which  the  elimination  of  bacteria  continued  more  slowly  for  some  houib. 
This  is  especially  noticeable  in  those  cases  where  relatively  small  amounts 
of  disinfectants  were  used.  A  genend  average  of  all  the  results  shows  the 
effect  of  storage  to  be  about  as  follows:  with  2  hours'  storage  about  84  per 
c^it  as  much  hypochlorite  was  required  to  produce  the  same  result  as  with  a 
storage  of  1  hour;  with  4  hours'  storage  about  82  per  cent  as  much  hypbchlorite 
was  required;  with  6  hours'  storage  about  77  per  cent  as  much  hyx>ochlorite 
was  required,  and  with  24  hours'  storage  about  61  per  cent  as  much  hypo- 
chlorite was  required  to  produce  the  same  result  as  with  a  storage  of  one  hour. 

Coat  of  Hypochlorite  Disinfection. — Commerciid  bleaching  powder  or  calcium 
hypochlorite  may  be  obtained  packed  in  sealed  drums  holding  700  to  800  lbs. 
each,  with  a  guaranteed  strength  of  36  to  38  per  cent  available  chlorine,  also 
in  smaller  4rums  of  25  to  100  lbs.  each,  but  then  bleach  of  the  same  strength 
costs  about  1  to  2  cts.  more  per  pound.  Commercial  bleach  losses  strength 
rapidly  up  to  a  certain  point  when  exposed  to  the  air,  and  broken  bulk  pur- 
chases, or  drum  packages  whose  contents  are  not  used  at  once  after  opening. 
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— Operatina  eipensee-^ISOT— 
per  oa^ta 


Mansfield .'.'. 
MuiOD 


'InteiSBt  ahuge*  od  cost  o[  plants  eiduded. 
will  be  rouDd  to  conlain  less  available  chlorine.  Analyses  oT  s  number  of 
samples  of  broken  bulk  bleaching  powder  at  the  experiment  station  show  that 
In  many  cases  the  streDslb  "^^Y  be  less  than  25  per  cent  available  diloilne. 
The  cost  of  thia  dlainfectant,  therefore,  dejiendB  largely  upon  the  dally  amount 
of  hypochlorites  required,  the  exttmnely  large  dlslnfecllng  plant  having  (he 
advantage  of  low  price  on  bleach  of  guaranteed  strength,  the  tuU  strength  of 
wliich  would  be  available  through  Immediate  use  of  the  contenta  of  the  large 
drums  shortly  after  they  were  opened.  The  plant  treating  a  smalt  volume  of 
sewage  daily  would  pay  a  higher  price  for  smaller  pacliages,  or  If  buying  In 
larger  lots  to  obtain  low  flrst  cost,  would  find  the  ultimate  coat  Increased  by 
Idea  of  strength  which  the  conlenta  of  these  larger  pacltages  would  suffer  during 
the  period  before  they  were  consumed.  For  the  large  plant,  where  large 
volumes  el  sewage  were  to  be  treated  daily,  the  disinfection  costs  might  be 
reduced  somewhat  by  the  use  of  sodium  hypoi^orlte  manufactured  at  the 
plant.  Sodium  hypochlorite  la  readily  prepared  by  eieclrolyBls  of  noluliona 
of  common  salt.  As  it  exists  only  In  solutions  Its  use  has  been  limited  owing 
to  difficulty  ot  transportation.  As  a  dlninfectant  It  is  fully  as  dSdent  as 
bleaching  powder,  and  where  common  salt  can  lie  cheaply  obtained  and  the 
cost  ot  electric  power  la  low  there  is  no  reason  why  the  installation  of  an  electro- 
lytic plant  should  not  help  to  reduce  disinfection  costs  when  a  large  amount  of 
dlBlofectant  is  required.  For  tlie  small  dlslnfectlnn  plant,  howerer.  the  use 
of  commercial  bleaching  powder  would  probably  be  the  cheapest  In  the  end. 
Another  factor  which  enters  Into  the  cost  of  disinfection  Is  the  standard  of 
quality  required  in  the  effluent  from  the  disinfecting  plant. 

Assuming  a  dl^nfectant  cont^ntng  33H  pei  cent  available  chlorine  at  a 
cost  of  2  eta.  per  pound,  the  treatment  ot  a  sewage  with  0,1  part  per  100.000 
av^lable  chlorine  would  require  26  Ihs.  of  disinfectant  at  a  cost  for  chemicals 
of  50  cts,  per  1,000,000  gals.  On  this  basis  the  cost  ot  disinfecting  the  various 
liiiids  of  sewage  and  sewage  efSuenta  to  definite  prescribed  bacterial  conlenta 

To  produce  complete  aterllizatlon  the  cost  would  be  well  over  S19  per  1 ,000.- 
nOO  gals,  for  sewages  and  the  effluents  from  contact  and  trickling  IliteiB,  and 
would  vary  from  $1,50  to  over  (19  for  edluenta  from  sand  filters. 

To  produce  a  bacterial  quality  wlilch  would  conform  to  the  drinking  water, 
or  10O-10-6  Standard,  the  coBt  would  vary  liom  tS.TS  to  over  <19  per  1,000,000 
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gal.  for  raw  sewage  and  effluents  from  trickling  filters;  from  $7.50  to  over  $19 
per  1,000,000  gals,  for  settled  sewage,  from  $15  to  $19  per  1,000,000  gals,  for 
strained  sewage  and  contact  filter  effluents;  would  be  over  $19  for  septic  sewage, 
and  would  vary  between  $1.75  and  $9.50  per  1,000,000  gals,  for  the  effluents 
from  sand  filters  which  were  not  originally  of  that  quality. 

To  produce  a  bacterial  quality  to  correspond  to  the  1,000-100-50  standard, 
or  one  which  would  be  about  equal  to  that  of  the  better  class  of  streams  or 
rivers  which  are  not  seriously  polluted,  the  cost  would  be  from  $1.75  to  $5.60 
per  1,000,000  gals,  for  raw  sewage;  from  $1.75  to  $13  for  settled  sewage,  about 
$3.75  for  strained  sewage;  between  $3.75  and*  $5.60  for  septic  sewage; 
from  $1.75  to  $5.60  for  effluents  from  contact  filters,  and  from  $1.75  to  $3.75 
for  effluents  from  trickling  fflters.  The  cost  of  disinfecting  sand  fflter  effluents 
to  produce  this  quality  would  not  be  over  $1.75  per  1,000,000  gals.,  judging 
from  the  experimentid  results. 

If  it  was  desired  to  reduce  the  bacterial  content  only  to  a  point  where  they 
would  approximately  correspond  with  the  more  poUuted  rivers,  or  say  within 
the  10,000-1,000-500  standard,  the  costs  would  be  from  $1.75  to  $5.60  i>er 
1,000,000  gals,  for  raw  sewages  and  effluents  from  contact  filters,  between 
$1.75  and  $7.50  for  settled  sewages,  from  $1.75  to  $3.75  for  septic  sewage  and 
effluents  from  trickling  filters,  and  about  $1.75  per  1,000,000  gals,  for  strained 
sewage. 

These  cost  estimates  are  for  chemicals  only  and  do  not  include  operating  and 
sinking  fund  charges. 

The  Economics  of  Sewage  Filters.  Types  of  Sewage  FiUere. — Sewage 
fflters  may  be  divided  broadly  into  three  classes: 

(1)  Intermittent  simd  fflters  or  their  equivalent.  These  consist  of  a 
body  of  sand  or  fairly  pervious  material  of  other  kinds.  The  sewage  is  dis- 
tributed over  the  surface  of  this  porous  material,  and  at  the  bottom  the  filtered 
sewage  is  collected  in  underdrains.  In  order  to  get  the  benefit  of  oxidation  in 
the  pores  of  the  sand  bed,  the  application  of  the  sewage  to  the  fflter  is  inter- 
mittent, with  periods  of  rest  and  aeration. 

(2)  The  second  t3rpe  is  the  so-called  "contact"  filter.  This  consists  of  a 
body  of  practically  any  thickness  of  stone  or  equivalent  material,  such  as 
large-sized  gravel,  pieces  of  porcelain,  brickbats,  cinders,  or  almost  any  coarse- 
sized  granular  material.  The  sewage  is  applied  to  such  a  filter  either  from 
the  bottom  or  from  the  top,  so  as  to  fill  the  bed.  The  sewage  is  allowed  to 
stand  in  this  filter  bed  for  a  given  time.  It  is  then  discharged  and  the  empty 
bed  is  allowed  to  stand  for  a  period. 

(3)  The  third  type  is  the  so-called  "sprinkling"  fflter.  This  consists  of  a 
body  of  stone  of  a  minimum  depth  of  5  ft.,  on  which  the  sewage  is  sprinkled 
or  sprayed  and  spread  by  nozzles  and  distributed  in  small  quantities  so  that  the 
sewage  trickles  down  over  the  stones  and  is  collected  at  the  bottom. 

AU  three  types  erf  fflters  effect  the  purification  of  the  sewage  in  the  same  way. 
Through  the  action  of  the  bacteria  present  in  the  filter  bed  the  sewage  is  to 
some  extent  oxidized  and  the  organic  matter  is  broken  up.  Unstable  forms 
of  matter  are  changed  into  more  stable  forms.  While  the  exact  form  of  action 
is  unknown,  it  is  believed  that  the  three  Xy^&a  of  filters  act  in  the  same  way, 
and  the  difFerence  is  a  mechanical  one  of  form  of  application,  rather  than  one 
of  principle  of  action.  The  following  article  is  a  reprint  publishedin  Engi- 
neering and  Contracting,  Oct.  14.  1914,  of  a  paper  by  George  W.  Fuller, 
presented  before  the  annual  convention  of  the  American  Society  of  Municipal 
Improvements. 
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Per/ormanee  of  Fitter*.— The  output  Of  ft  filter  of  any  tjrpe,  measured  at  any 
suitable  piuification  unit,  is  largely  a  question  of  local  conditions.  It  de- 
pends upon  the  nature  of  the  sewage,  the  nature  and  fineness  or  coarseness 
of  the  filtering  material,  the  method  of  application  of  the  sewage  to  the  filtering 
material,  temperature,  atmospheric  conditions,  and  many  other  factors.  The 
intermittent  sand  filter  is  best  used  when  it  is  desired  to  have  a  very  high  degree 
of  purification.  The  other  types,  the  contact  filters  and  sprinkling  filters,  are 
used  for  a  rather  lesser  degree  of  purification.  It  is  to  be  understood  that  the 
rate  of  application  of  the  sewage  to  the  various  t3rpeB  of  filters  must  be  properly 
proportioned  to  the  ability  of  these  filters  to  take  care  of  the  sewage.  By  using 
a  suitable  rate  under  suitable  conditions  any  type  of  filter  can  be  made  to  give 
any  degree  of  organic  purification  that  may  be  desired. 

RaU  of  Application  of  Settled  Sewage  to  Filters. — The  question  of  the  rate 
of  application  of  sewage  to  a  sand  filter  is  largely  tied  up  with  the  question  of 
preliminary  treatment  in  the  way  of  tankage  or  screens.  The  following 
tabulation,  quoted  from  Mr.  Fuller's  book,  "Sewage  Disposal,"  gives  for 
several  cities  in  Massachusetts  the  population  whose  sewage  can  be  treated 
per  acre  of  filter  bed,  and  the  time  of  detention  in  preliminary  sedimentation 
tanks,  storage  wells,  pump  wells,  or  other  means  of  storage.  These  figures  are 
not  to  be  taken  to  represent  present  conditions. 


• 


Period   of  Population 

detention,  per  acre 

hours  of  filter 

Andover lK-3  950 

Brockton 12  1,160 

Clinton 12  426 

Framingham 12  375 

Gardner  (old) IH  1 .310 

Gardner  (new) IH  2.000 

Pittsfield 12  605 

Stockbridge 8  220 

Worcester IH  1 ,390 

Average  of  all 6.7  937 

The  Baltimore  Sewerage  Coirunission  in  1906  estimated  that,  using  a  sand 
filter  with  3  ft.  of  clean  sand  over  the  gravel,  an  allowance  of  150,000  gals,  of 
6-hour  settled  sewage  per  acre  in  24  hours,  corresponding  approximately  to 
1,200  i)eople  per  acre,  would  be  a  proper  rate. 

Data  for  contact  filters  are  relatively  scant  from  American  practice,  and 
while  many  English  data  are  available,  the  differences,  owing  to  the  differ- 
ence in  the  strength  of  the  sewage,  makes  such  data  rather  dangerous  as  a 
basis  of  comparison. 

A  series  of  experiments  in  Coliunbus,  Ohio,  indicated  that  5-ft.  deep  stone 
filters,  on  the  contaet  principle,  could  safely  be  operated  at  an  average  rate  of 
600,000  to  700,000  gals,  per  acre  per  day.  Reducing  this  to  a  4-ft.  depth  will 
give  about  500,000  gals,  per  acre  per  day,  which,  on  the  basis  of  100  gals,  per 
capita  per  day,  would  give  a  loading  of  approximately  5,000  people  per  acre 
of  stone  bed. 

A  series  of  tests  made  at  Lawrence  on  contact  beds  of  various  depths  from 
24  ins.  up  to  18  ft.  showed  an  average  output  of  some  700,000  gals,  per  acre  per 
day  for  a  depth  of  stone  on  an  average  about  5jritt.  This  is  equivalent  to  an 
output  of  about  135,000  gals.  i)er  acre  for  each  foot  of  depth  of  stone,  or, 
for  a  4-ft.  depth  of  bed  again,  is  equal  to  about  500,000  gals,  per  acre  per  day, 
or  say  a  loading  of  about  5,000  people  to  the  acre. 
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The  contact  filter  installation  at  Plainfield,  N.  J.,  with  3.6  acres  at  stone 
bed  4H  ft.  deep,  gave  in  1910  an  output  on  an  average  of  1,700,000  gals,  of 
sewage  per  day.  On  the  basis  of  an  allowance  of  100  gals,  per  capita  per  day, 
this  will  correspond  with  a  4-ft.  bed,  to  about  4,200  people  per  acre  of  filter. 

For  sprinkling  filters  much  more  satisfactory  data  can  be  had.  Sprinkling 
filters  have  be^i  used  very  extensively  in  this  country  of  recent  years  and 
their  ratings  can  be  fixed  with  a  good  deal  more  dependence  than  in  the  case 
with  contact  filters.  A  list  of  a  number  of  plants  or  projected  plants  giving  the 
depths  of  the  stone  bed  of  a  sprinkling  filter  and  the  loading  in  population  per 
acre  follows: 

Depth  of  stone  Population  per 
in  feet  acre  of  bed 

Atlanta 6  20,000 

Reading 5  18.000 

Columbus 6  18,000 

Baltimore 9  20,000 

Montdair 7H  15,000 

Philadelphia 6     *  *  20,000 

Fitchburg 10  20.000 

Mount  Vernon » 8  24,000 

The  average  of  all  these  shows  a  7-ft.  deep  bed  and  an  average  loading  of 
19,400  population  to  the  acre. 

Not  considering  special  conditions  and  just  taking  fair  figures,  we  may  safely 
state  the  following: 

Intermittent  sand  filters,  3-ft.  bed  of  sand,  loading  1.000  population  per  acre. 
Contract  filters,  4-ft.  depth  of  stone,  loading  5,000  population  per  acre. 
Sprinkling  filters,  7-ft.  depth  of  stone,  loading  19,000  population  per  acre. 

The  rates  of  loading,  then,  for  these  three  types  of  filters,  are  in  the  ratio 
1,  5.  and  9. 

Cost  of  Sewage  FiUere. — Costs  of  construction  are  so  much  a£fected  by  local 
conditions,  such  as  the  amount  of  excavation  necessary,  the  cost  of  various 
classes  of  materials,  the  distance  from  which  various  classes  of  materials  must 
be  obtained,  details  of  local  construction  conditions,  such  as  competiticm, 
class  of  work  required,  and  others,  that  comparative  costs  for  different  locali- 
ties are  only  to  be  used  with  great  discretion,  and  individual  cost  and  even 
averages  are  only  a  guide  to  comparative  costs  in  various  places.  Having 
this  limitation  in  mind,  we  will  examine  in  a  rough  way  the  cost  of  various 
types  of  sewage  filters  on  the  per  capita  basis. 

The  average  cost  of  the  nine  Massachusetts  intermittent  sand  filters  cited 
above  is  $3,260  per  acre,  as  reported  in  the  Massachusetts  State  Board  of 
Health  Report  of  1903.  This  gives  a  cost  per  capita  connected  to  the  filters 
of  $3.50. 

The  1906  Baltimore  Sewerage  Commission  estimates  the  cost  per  acre  of 
filters  at  $6,350,  these  filters  being  suitable  for  a  connected  population  of 
1 .200  per  acre.     This  corresponds  to  a  per  capita  cost  of  $5.30. 

The  cost  of  contact  filters,  varying,  of  course,  with  the  degree  of  the  fineness 
of  the  design,  may  be  taken,  for  filters  equipped  with  suitable  convenient 
appurtenances,  at  $30,000  per  acre  for  a  4-ft.  deep  bed.  This  corresponds  with 
a  loading  of  5,000  population  per  acre  to  a  per  capita  cost  of  $6. 

For  sprinkling  filters  7  ft.  deep  the  cost  will  be  about  $45,000  per  acre.  On 
the  basis  of  a  loading  of  19,000  population  per  acre,  the  cost  per  capita  will  be 
$2.37. 
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When  considering  the  relatively  low  cost  of  the  Massachusetts  sand  filters 
compared  with  the  estimate  made  of  the  Baltimore  sand  filters,  it  is  to  be 
borne  in  mind  that  the  conditions  in  Massachussetts  for  the  construction  of 
sand  filters  were  unusually  favorable  and  do  not  represent  average  conditions 
through  the  country.  In  most  places  the  costs  would  approximate  more 
nearly  those  estimated  for  Baltimore. 

Taken  in  a  broad  way.  sprinkling  filters  are  a  far  more  economical  installa- 
tion in  the  matter  of  first  cost.  Intermittent  sand  filters  and  contact  filters 
do  not  stand  far  apart  in  this  partioular. 

Relative  Coats  of  Different  Depths. — ^There  is  not  very  much  known  about 
the  relative  advantages  of  filters  of  shallow  or  deep  construction.  The  choice 
of  depth  is  usually  made  for  entirely  different  reasons  from  those  of  obtaining 
the  most  economical  construction  to  obtain  the  desired  amount  of  purifica- 
tion. Very  few  tests  of  a  comparative  kind  have  been  made  to  give  convincing 
information,  and  the  interpretation  of  the  tests  has  not  been  uniform.  In 
some  places  the  conclusion  has  been  made  to  make  filters,  say,  It)  ft.,  at  other 
places  6  ft.,  and  some  study  is  worth  while  to  determine  what,  if  any,  difference 
there  is  in  the  cost  of  such  construction  at  differoit  d^ths,  and  which  would 
appear  to  be  the  better.  It  is  to  foe  assumed  in  such  comparisons  that  suffi- 
cient head  would  be  available  in  any  case  for  the  grea^t  depth  to  be  consid- 
ered and  that  pumping  would  not  be  necessitated  by  building  filters  of  the 
greater  depth. 

For  intermittent  sand  filters  questions  of  depth  do  not  arise.  The  filters 
are  generally  made  as  shallow  as  is  consistent  with  getting  proper  results  and 
sand  beds  are  not  usually  made  more  than  4  or  5  ft.  deep  as  a  maximum. 
Shallower  beds,  even,  will  give  about  the  same  output  as  the  deeper  beds,  and 
beds  are  made  deep  only  so  that  sand  may  be  removed  for  Cleaning  without 
removing  the  sand  for  a  considerable  period. 

With  contact  filters  it  is  recognised  that  from  the  nature  of  the  action  of  the 
contact  filters,  where  the  amount  of  air  that  is  drawn  in  between  fillings  of 
sewage  is  practically  equal  to  the  volume  of  the  sewage,  and  where  surface 
clogging  cannot  be  a  serious  factor  and  may  even  be  no  factor  at  all,  each 
unit  of  volume  oi  the  stone  forming  the  filter,  say  each  cubic  yard,  will  give 
the  same  output  of  sewage  purification,  no  matter  what  may  be  the  depth  of 
the  filter. 

From  this  it^ollows  that  it  is  economical  to  build  a  sewage  filter  on  the  con- 
tact principle  as  deep  as  local  conditions  of  construction  will  permit,  and  the 
limitation  of  depth  which  it  is  economical  to  use  is  therefore  made  by  the 
factors  of  earth  excavation  or  fill  and  the  possible  head  available  without 
pumping. 

When  it  comes  to  sprinkling  filters,  the  problem  becomes  a  little  more 
complicated.  The  English  experience,  as  recited  in  the  Report  of  the  Royal 
Commission,  seems  to  indicate  that  the  output  per  unit  of  volume  of  sprinkling 
filters  is  the  same,  no  matter  what  the  depth.  Our  experience  in  work  in  this 
country  does  not  wholly  corroborate  this  information.  Our  best  knowledge 
seema  to  indicate  that  the  output  per  unit  of  volume  of  sprinkling  filters  is 
somewhat  less  for  deep  filters  than  for  shallow  filters.  For  such  conditions, 
with  a  relatively  decrea^ung  efficiency  of  the  stone  of  the  filter  beds  for  greater 
depths  and  at  the  same  time  a  relatively  decreasing  cost  per  unit  volume  of  the 
stone  for  deep  beds,  there  must  come  some  point  where  the  greatest  output  per 
unit  of  cost  will  be  obtained. 

The  Report  of  the  Baltimore  Sewerage  Commission  for  1911  gives  some 
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information  obtained  from  tests  made  in  Baltimore  as  to  the  relative  effi- 
ciency of  various  depths  of  broken  stone  of  sizes  of  1  to  2-in.  stone,  which  is 
the  one  most  commonly  used.  Figures  obtained  from  that  source  are  as 
follows: 

—Depth  of  bed 

6  ft.  9  ft.  12  ft. 

Relative  stability 79  87  89 

Per  cent  reduction  of  oxygen  consumed 56  70  72 

Giving  equal  weight  to  the  relative  stability  and  per  cent  reduction  of 
oxygen  consumed,  we  get  the  following: 

Deptii  of  bed 

6  ft.  9  ft.  12  ft. 

Relative  stability 1  1.2  1.23 

Per  cent  reduction  of  oxygen  consumed 1  1 .  26  1 .  28 


Average  of  the  two 1  1 .  22  1 .  25 

Relative  depths 1  1 .  33  2 .  00 

Relative  value  of  stone  per  cubic  yard 1  .92  .63 

Assuming  this  depth  varies  at  a  uniform  rate  from  one  end  of  the  curve  to 
the  other,  we  get  the  following  for  the  relative  value  of  stone  per  cubic  yard 

Depth  of  bed  in  feet 6  7  8  9  10         12 

Relative  value  of  stone  per  cubic  yard.     1.0     0.97     0.94     092    0.82     0.63 

To  get  comparative  figures,  then,  between  the  6,  8  and  10-ft.  beds  the  cost 
figures  for  the  8-ft.  beds  must  be  divided  by  0  94,  and  the  cost  for  the  10-ft. 
beds  by  0.82,  putting  them  all  on  the  basis  of  the  6-ft.  beds. 

For  comparative  cost  a  number  of  factors  such  as  excavation,  etc.,  are 
naturally  omitted,  as  they  are  not  affected  in  ail  places  the  same  way  by  the 
^epth  of  the  filter.  Comparing,  then,  only  those  particular  costs  which  are 
affected  per  unit  of  output  by  the  depth  of  the  filter,  we  get  the  following: 

Per  effective 
—  cu.  yd.  depths — 
6  ft.      7  ft,      8  ft. 

Floor — Take  at  40  cts.  per  cu.  yd.  for  a  6-ft.  bed SO. 40  $0.35  $0.32 

Tile — Take  11  cts.  per  sq.  ft-  for  any  depth 49       .44       .40 

Walls — Assume  cost  17  cts.  per  cu.  yd.  for  6-ft.  depth 17       .17       .18 

Galleries  and  Collectors — Asisume  for  6-ft.  depth  25  cts.  per 

cu.  yd. 25       .22       .20 

Distribution — Assume  50  cts.  per  cu.  yd.  for  6-ft.  depth  also, 

as  costs  theoretically  vary  only  according  to  quantity 

delivered,  they  must  be  same  for  all  effective  depths  per 

cu.  yd 50         50       .50 

Stone — Assume  $1.50  per  cu.  yd 1.50     1.55     1.60 

Total $3.31  $3.23  $3.20 

Outside  factors  will  depend  on  quantity  only  and  not  on  depth. 

It  appears,  then,  that  there  is  some  sli^t  saving  of  cost,  whidi.  on  the 
figures  given  in  the  above  tabulation,  amount  to  about  3  per  cent  in  favor  of 
the  8-ft.  deep  bed  as  compared  with  the  6-ft.  deep  bed.  On  the  other  hand,  it 
is  to  be  recognized  that  a  deep  bed  will  give  a  good  deal  more  trouble  with 
pooling  and  freezing  than  a  shallow  bed.  and  the  advantages  in  favor  of  a 
shallow  bed  due  to  this  lesser  amount  of  pooling  will  be  considerably  more  than 
this  3  per  cent  difference  in  cost.  Taking  everything  into  account,  the  writer 
believes  that  a  sprinkling  filter  of  not  less  than  6  ft.  and  not  more  than  7  ft. 
in  depth  will  in  the  greater  number  of  cases  prove  the  most  economical  to  use. 
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"With  filters  of  coarse  material  not  subject  to  disintegration,  the  eyidence 
seems  to  indicate  that  they  will  be  self-cleansing  if  properly  operated,  whereas 
contact  beds  usually  clog  periodically.  Hence  the  cost  of  treatment  by 
trickling  filters  is  usually  much  less  than  that  by  contact  beds. 

The  effluent  from  the  trickling  filter  is  ordinarily  more  highly  nitrified  than 
the  effluent  from  contact  beds  and  after  secondary  sedimentation  is  more 
uniform  in  quaUty  than  contact  bed  effluent.  ^ 

The  trickling  filter  is  better  adapted  for  variations  in  rates  of  fiow  than  is  the 
contact  bed. 

The  chief  advantages  in  the  use  of  contact  beds  rather  than  trickling  filters 
are  the  relatively  low  head  required,  the  somewhat  simpler  method  of  dosing, 
minimizing  foul  odors  and  avoiding  a  fiy  nuisance. 


Tablb  VI. — ^Itemized  Cost  of  Sewagb  Disposal  Plant, 

Glovbrsvillb  N.  Y. 


exterior 


Total  ooBt 
$       445. 27 


Unit  cost 


Screen  chamber  substructure 

Screen     chamber     house     (total 

volume,  1,350  ou.  ft.) 

Primary  settling  tanks  (total  capacity  both 

tanks,  537,000  gal.) 15,761. 45 

Dosins  tank  (total  capacity,  8,800  gal.). . .  1,403.  52 
Trickhng  filters  (3.07  acres,  area  of  stone).  106,560. 48 
Secondary  settling   tanks    (total   capacity 

both  tanks,  242,000  gal.) 0,292.  31 

Sludge  beds  (2.63  acres  effective  sand  area).  9,097.  23 
Sand  filter  beds  (2.72  acres  effective  sand 

area) 24,716. 77 


535. 00     $0. 40  per  cubic  foot. 


26. 10  per  1,000  gal. 
160.00  per  1,000  gaL 
34,700  per  acre 


38.40  per  1,000  gal. 
2,450  per  acre 


Sludge  pump  well  (total  capacity,  16,230 


ludffi 
gal. 


). 


9.090  per  acre 
1,232.  61     75. 90  per  1,000  gal. 
0. 39  per  cubic  foot 


535.00 
460.00 


Sludge  pump  house  (total  exterior  volume, 

1,880  cu.  ft.) 

Sludge  pumping  machinery 

Conduits  and  pipe  lines  (sewage,  efl9uent, 

sludge,  water) 11,758. 85     

Grading,  drives,  walks,  trees,  cleaning  up, 

etc 3,800.  78     ^  . . . 

Creek  deepening  and  straightening 1,396. 30     

Miscellaneous 57. 99     

Extras,    claims,    incidentals,    delays    and 

damages 1,700.00     

Total  cost $188,753.  56 

On  basis  of  3,000,000  gal.  of  sewage  treated  daily,  $62,900  per  1,000,000  gal. 

Cost  of  Constructioii. — The  actual  or  estimated  costs  of  various  trickling 
fflters  buUt  or  projected  in  the  United  States  are  shown  in  Table  V.  They 
vary  from  $24,000  to  $60,000  per  acre  and  from  $2.81  to  $4.50  per  effective 
cubic  yard  of  filter.  Fuller  gives  the  average  cost  of  a  trickling  filter  7  ft. 
deep  as  $45,000  per  acre,  or  $2.37  per  capita,  based  on  a  population  of  19,000 
served  per  acre.  (Proc.  Am.  Soc.  Mun.  Imp.,  1914.)  The  actual  cost  of  the 
10-ft.  Fitchburg  trickling  filter  was  $58,847  per  acre  exclusive  of  excavation, 
or  $2.04  per  capita,  based  on  a  population  of  20,000  per  acre  of  fflter.  (Hari- 
well.  Jour.  Boa.  Soc.  C.  E.,  vol.  11,  1915,  page  221.) 

The  relation  which  the  cost  of  trickling  filters  bears  to  the  costs  al  the  other 
parts  of  a  trickling  filter  plant  will  vary  according  to  the  design,  as  indicated 
in  Tables  VI  and  VII,  showing  the  actual  itemized  costs  of  construction  at 
Gloversville,  N.  Y.,  and  Fitchburg,  Mass.  The  roof  system  at  Gloversville 
Increased  the  cost  of  the  trickling  fflter  by  approxmately  $13,336.  m  $4445 
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At  Reading,  Pa.,  the  net  expenditure  for  maintenance  and  operation  ol  the 
sewage  pumping  and  disposal  worlcs  for  1912  was  $15,470.24,  equivalent  to 
$0.13  per  1,000,000  gal.  of  sewage  treated.  (Rept.  City  Engineer,  1912.) 
City  Engineer  Ulrich  advised  the  authors  that  the  cost  of  operation  of  the 
disposal  plant  alone  for  that  year  was  $5215.10.  which  is  equivalent  to  $3.08 
per  1,000,000  gal.  treated.  E.  Sherman  Chase,  formerly  chemist  in  charge, 
stated  that  the  labor  in  connection  with  the  trickling  filters  was  performed  by 
three  men  worlcing  in  8-hour  shifts,  who  act  as  watchmen,  collect  samples  for 
analysis  and  care  for  the  laboratory  and  grounds.  These  men  are  paid  $2 
per  day,  so  that  the  labor  cost  is  a  little  over  $1  per  1,000,000  gal.  sewage 
filtered.      (Engineering  News,  August  22,  1912.) 

Calvin  W.  Hendrick,  Chief  Engineer  of  the  Sewerage  Conunission  of  Balti- 
more, stated  that  the  cost  of  operation  of  the  Baltimore  sewage  treatment 
plant,  with  12  acres  of  trickling  filters,  when  working  up  to  its  capacity,  wUl 
probably  be  between  $1.50  and  $2  per  1,000,000  gal.  The  organization  at 
this  plant  Mr.  Hendrick  gave  as  follows:  1  division  engineer,  who  also  super- 
vises construction  work;  1  mechanical  engineer;  1  chemist  and  bacteriologist; 
1  assistant  chemist;  3  operating  engineers;  1  relief  engineer  and  4  oilers  for  the 
power  plant;  1  machinist;  1  carpenter;  1  foreman  for  laborers;  and  12  to  20 
laborers. 

The  organization  at  the  Pennypack  Creek  disposal  works,  Philadelphia. 
Pa.,  designed  to  treat  2,000,000  gal.  daily,  was  stated  by  Qeorge  S.  Webster, 
Chief  Engineer  of  the  Bureau  of  Surveys,  as  follows:  The  jossistant  engineer 
of  the  Sewage  Disposal  Division  has  supervision  of  the  operation  of  the  plant, 
which  requires  only  a  small  part  of  his  time,  and  an  assistant  has  immiediate 
charge  of  maintenance,  supines  and  records.  The  force  at  the  plant  consists 
of  an  operator  on  duty  every  day,  having  immediate  charge  of  the  operation, 
sampling,  etc.,  4  assistant  operators  working  8  hours  a  day,  6  days  a  week,  a 
watchman  for  night  duty,  and  a  laborer  for  day  duty,  such  as  handling  sludge, 
caring  for  lawns,  shrubbery,  etc.  The  analytical  work  is  done  partly  at  the 
Bureau  of  Water  laboratory  nearby  and  partly  at  the  Bureau  of  Surveys 
Laboratory  at  the  City  Hall. 

The  costs  of  operating  different  parts  of  the  plant  at  Gloversville,  N.  Y. 
have  been  very  carefully  kept  under  the  direction  (^  H.  J.  Hanmer,  City 
Engineer.  The  itemized  cost  for  1913  and  1914  is  given  in  Table  IX.  The 
cost  of  operating  the  trickling  filters  alone  constitutes  roughly  15  to  25  per 
cent,  of  the  total  for  the  entire  plant.  The  cost  of  removing  and  replacing  the 
roof  and  sides  of  the  building  in  which  the  filter  is  housed  during  winter  con- 
stitutes a  substantial  part  of  the  trickling  filter  maintenance  charges.  The 
remainder  is  occasioned  by  nozzle  clogging.  About  60  nozzles,  or  approxi- 
mately 10  per  cent,  of  those  in  use,  are  cleaned  each  day. 

The  cost  of  operation  of  trickling  filter  plants,  per  l,0OO,000gal.  of  sewage 
treated,  other  conditions  being  equal,  will  decrease  with  increasing  size  of 
plant.  Estimates  made  by  the  authors  in  connection  with  the  joint  disposal 
of  sewage  from  several  municipalities  in  New  Jersey  ranged  from  $5.19  per 
1,000,000  gal.  for  an  estimated  flow  of  4.400,000  gal.  daily  to  $2.92  for  14,300,- 
000  gal.  E.  J.  Fort,  Chief  Engineer  of  Sewers  of  Brooklyn,  estimated  the 
cost,  including  interest  and  depreciation  of  sinking  fund,  at  $13.81  per  1,000,- 
000  gal.  with  a  flow  of  5,000,000  gal.  daily,  $11.41  for  a  rate  of  10,000  gal.. 
$9.76  for  20,000,000  gal.,  and  $9.50  for  3Q,000,000  gal. 

Thomas  Pealer.  Borough  Engineer  of  Indiana.  Pa.,  furnished  the  following 
information  concerning  the  sewage  disposal  plant  at  Indiana,  Pa.,  comprising 
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fliflts  of  prdiminary  septic  tanks  and  roughinir  filters  and  2  trickling  filters,  each 
20  X  60  X  7  ft.  4-in.  deep,  of  >^  to  f^-in.  stone,  dosed  by  8plash-pUt«  distribu- 
tors. The  plant  senres  900  people  and  treats  300,000  gaL  of  sewage  per  day. 
The  cost  of  construction  of  the  filters  was  $35,039.50  and  tbe  annual  cost  of 
operation  is  estimated  at  $300. 

Dr.  L.  Rosenburi^,  Superintendent  of  the  Montefiore  Home  County  Sani- 
tarium, Bedford  Hills,  N.  Y.,  reports  that  the  sewage  di^Kisal  jdaht  at  this 
institution,  accommodating  245  i)er8ons,  consists  of  septic  tanks,  3  small 
trickling  filters  of  2-in.  stone  with  1  nozzle  each,  and  a  settltag  tank  f<»  the 
effluent.  This  plant  cost  $10,000  and  the  cost  of  operation  is  stated  to  be 
negligible,  although  the  engineer  visits  the  plant  each  day. 

Cost  of  Intermittent  Sand  Filtration. — ^The  following  is  given  in  Metcalf 
and  Eddy'4  "  American  Sewerage  Practice." 

Where  a  deposit  of  free  sand  or  sand  and  gravel  is  available  in  place,  it 
may  be  used  for  intermittent  filtration  by  simply  grading  the  surface  to  receive 
the  sewage.  Loam,  subsoil  and  rait  are  not  desirable  as  filtering  media  on 
account  al  their  tendency  to  hold  water  by  capillarity,  preventing  successful 
aeration  al  the  bed,  except  when  very  low  rates  of  filtration  are  used,  such  as 
those  employed  in  broad  irrigation.  Clay  and  cementitious  sands  or  other 
comparatively  impervious  materials  are  useless  for  filters. 

The  removal  of  loam  and  subsoil  is  necessary  if  any  considerable  quantity 
of  sewage  is  to  be  purified  upon  beds  of  a  given  area.  Relative  expense  will 
probably  determine  the  extent  to  which  it  is  desirable  to  remove  the  subsoiL 
Where  there  are  trees,  organic  matter  will  be  found  around  their  roots  at  a 
considerably  greater  depth  than  where  there  are  no  trees,  and  care  must  be 
exercised  to  remove  this  in  grubbing  out  tree  roots.  Similarly,  in  gravelly 
soils  containing  many  large  stones,  fine  sandy  material  nmy  be  found  surround- 
ing the  stones.  Therefore,  beds  built  in  such  material  are  not  likely  to  be  so 
homogeneous  as  those  built  in  ground  made  up  of  more  uniform  material. 

The  limit  for  excavation  may  be  determined  in  several  ways:  first,  by  color; 
second,  by  loss  of  weight  on  ignition,  due  to  the  volatilization  oi  the  organic 
matter;  third,  by  taking  a  small  portion  of  the  sand  in  a  glass  oi  water,  fth«tiring 
thoroughly,  and  permitting  it  to  subside,  the  amount  of  organic  matter  and 
fine  sand  found  upon  the  top  of  the  sand,  when  the  material  has  settled, 
furnishing  a  ready  guide  as  to  the  relative  content  of -objectionable  matter. 

Uniformity  of  Material  Desirable. — Stratification,  or  the  presence  in  an 
otherwise  imif orm  and  satisfactory  material  of  sand  of  different  sizes  or  of 
cementitious  character,  is  objectionable.  When  sewage  is  nm  onto  a  bed  at 
uniform  material,  the  suspended  matter  is  arrested  upon  or  near  the  surface, 
the  water  gradually  passing  through  the  bed  at  a  comparatively  imiform  rate 
without  any  tendency  to  clog  except  at  the  surface.  If  the  material  is  strati- 
fied, with  the  coarser  sand  on  top,  the  bed  is  likely  to  become  clogged  l>y  a 
film  of  organic  matter  on  the  surface  of  the  fine  sand  b^ow.  This  may  be 
caused  in  part  by  the  passage  of  very  fine  suspended  matter  through  the  coarser 
sand  and  Its  retention  upon  the  surface  of  the  fine  stratum,  and  also  probably 
by  the  formation  of  an  organic  growth  there,  due  to  difference  between  the 
quantities  of  oxygen  and  water  contained  in  the  coarse  and  fine  sands.  If 
the  finer  material  is  on  top,  while  there  will  be  no  tendency  for  the  fine 
suspended  matter  to  form  a  clogging  film  on  the  surface  of  the  coarser 
sand,  there  may  be  an  accumulation*  of  oxide  of  iron  (here  due  to 
the  difference  in  the  quantities  of  oxygen  present  in  the  two  strata.  A 
precipitation  of  oxide  of  iron  may  tiJce  place  throughout  the  stratum  of 
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coaxse  material,  and  tf  this  sand  is  underlaid  with  a  stratum  of  fine  sand. 
a  film  of  oxide  of  iron  will  form  upon  the  surface  of  the  finer  material.  An 
interstratified  layer  of  fine  material  may  act  as  an  air  seal,  due  to  capillary 
action,  and  thus  prevent  the  satisfactory  aeration  of  the  lower  portion  of 
the  bed. 

Coat  of  Conttrudion, — The  cost  of  constructing  filter  beds  wHI  usually  be 
found  to  lie  between  $2500  and  $5000  per  acre,  although  in  some  fayored 
localities  this  cost  may  not  exceed  $1000.  If  the  beds  have  to  be  built 
wholly  artificially  the  cost  may  reach  $10,000  per  aere,  if  the  sand  has  to 
be  hauled  a  considerable  distance. 

Cost  of  Operation  and  MainUnanee, — This  cost  Will  be  found  to  lie  ordi- 
narily between  $100  and  $150  per  acre,  the  cost  per  1,000,000  gal.  of  sewage 
filtered  being  about  $10,  as  will  be  seen  from  Table  X. 

Table  X. — Avbbagb  Annual  Cost  op  Filtration  Abkas  in  Foub 

Massachusetts  Cities 

(Compiled  from  Annual  Reports) 
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56,900 

Clinton 1900-10  13,700- 

13,100 

Concord 1901-10  5.600- 

6,400 

Worceeteri 1904-10  129,500- 

146,000 

^  As  only  part  of  the  sewage  is  treated  b^r  intermittent  filtration,  no  satis- 
factory figures  of  the  cost  per  capita  can  be  given. 

Cost  of  Operatiiig  Contact  Beds. — The  following  is  given  in  Metcalf  and 
Eddy's  "American  Sewerage  Practice."  Probably  the  best  figures  on  the 
cost  of  operation  in  America  are  those  obtained  at  Plainfield,  N.  J.,  stated 
by  Fuller  (in  his  "Sewage Disposal")  to  be  as  given  in  Table  XI. 

Tabue  XI. — Cost  of  Ofebation  of  Plainfield  Sewage  Disposal  Plant 

Item  1907           1908           1909           1910 

Manager-chemist,  consulting  engineers $1325. 50  $1818.46  $1677.67 

Night  operator $  540. 00 

Laboratory 41.69       247.87       147.18         80.72 

Tools  and  supplies 23.02       103.45         32.63           8.28 

Labor 50.59         53.70 

Water  guarantee 73.20        73.20        73.20 

Telephone 43. 99         25. 08         28. 58         23. 05 

Care  of  contact  beds 1180.53     1189.26       885.09       918.68 

Care  of  septic  tanks,  including  empty- 
ing and  disposal  of  sludge 662.25       603.50       252.89       269.17 

Graaing  and  weeding  banks 104 .22 

Screen  attendance 193.14       298.30      312.23 

Fanning 236. 15 


Total $2955. 64 

Farm  products  receipts 248 .  65 


Total  cost  of  maintenance $2706.99  $3814.70  $3536.33  $3289.80 

Imorovement  of  contact  beds 2032. 87       935. 36 

Repair  of  septic  tanks 101. 14   151.89     1011. 15 

49 
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In  1910  the  number  of  connections  was  3746;  assnTning  5  peraoaa  per  con- 
nection, there  would  be  a  total  of  18,730  persons.  The  flow  amounted  to 
1,800,000  gal.  per  day,  making  the  cost  $5  per  1,000,000  gal.  or  $0.18  per  capita 
per  year.  There  are  8  primary  and  8  secondary  beds  with  a  total  area  of  3.6 
acres. 

At  Mansfield,  Ohio  (Report  Ohio  State  Board  of  Health,  1908),  the  costs 
of  operation  during  1906  and  1907  were  $6644  and  $5260  respectively,  and 
included  removal  of  sludge  from  the  septic  tanks.  Furthermore,  about  one- 
half  of  the  cost  was  for  coal  used  in  pumping.  These  figures  made  the  per 
capita  cost  $0.47  and  $0.44  respectively. 

At  Manchester,  England,  very  complete  cost  accounts  have  been  kept. 
In  the  1907  report  of  the  Rivers  Department  is  given  a  table  showing  the 
actual  cost  of  a  selected  area  of  6  acres  from  the  starting  at  the  beds  until  the 
filtering  material  was  taken  out: 

Average  number  fillings 2, 690 

GaUons  (U.  S.)  of  septic  tank  effluent 

dealt  with  by  the  6  acres 4 . 610.000,000 

Total  maintenance  cost « $4 ,  085 

Total  renewal  cost  ($0.40J^  per  cubic 

yard) $13,700 

Maintenance  cost $1.05  per  1,000,000  U.  S.  gal.  filtered. 

Renewal  cost $3.57  per  1 ,000,000  U.  S.  gal.  filtered. 

Actuating  valves $0.30  per  1 ,000,000  U.  S.  gal.  filtered. 

Total  working  cost $4.92  per  1 ,000,000  U.  S.  gal.  filtered. 

Cost  of  Preparing  and  Placing  Ashes  or  Cinders  for  Filtering  Material  in 
Contact  Beds. — E.  G.  Bradbiuy  gives  the  following  in  Engineering  and  Con- 
tracting, Aug.  31,  1910. 

Filtering  material  is  one  of  the  largest  cost  items  in  every  sewage  disposal 
plant,  in  which  filtration  is  made  a  part  of  the  process  of  purification.  Local 
conditions  naturally  control  the  selection  of  the  material  to  be  used.  Sand 
is  frequently  so  expensive  as  to  be  almost  out  of  the  question,  especially  in 
view  of  the  fact  that  its  exclusive  use  requires  much  greater  area  and  conse- 
quently larger  quantity  of  material  than  if  a  coarser  material  and  one  of  the 
high  rate  types  of  filter  be  installed. 

For  contact  filters  no  material  is  more  satisfactory  or  economical  than  a 
good  grade  of  ashes  or  cinders,  those  produced  by  locomotives  being  particu- 
larly good.  These  are  largely  either  of  a  vitrified  or  coky  nature  and  therefore 
less  liable  to  disintegration  than  the  softer  ash  produced  by  some  industrial 
plants.  An  excellent  ash  is  produced  by  many  iron  and  steel  mills  and 
fiunaces. 

This  material  can  frequently  be  purchased  from  the  railroads  and  can  always 
be  foimd  in  quantity  in  large  cities,  or  those  having  important  industrial 
plants.  In  Ohio  the  market  price  ranges  from  practically  nothing  up  to  $3 
per  car  at  the  place  of  production,  and  the  railroad  companies  will  often 
furnish  round  house  cinders  for  the  price  of  hauling,  provided  they  are  not 
using  the  product  for  filling  along  their  lines. 

During  the  fall  of  1901  the  writer  was  employed  as  resident  engineer  in 
charge  of  the  disposal  plant  at  Mansfield,  Ohio,  where  IH  acres  of  contact 
filters  were  filled  to  a  depth  of  4.75  ft.  with  crushed  and  screened  locomotive 
cinders,  the  work  being  done  by  day  labor  and  all  apparatus  and  material 
purchased  directly  by  the  city.  The  figures  given  below  are  therefore  actual 
costs  in  real  mxmey  and  not  approximations. 
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The  filter  bedi  are  laid  out  In  Ihe  form  of  a  circle  about  280 ft.  Indl 
divided  Into  Bve  beds  by  radial  emtMinliinents,  Tbe  ciiublog  and  aaeentng 
plant  vaa  erected  close  to  the  outer  edge  of  the  drcle,  and  a  aiding  was  run 
slangBtde  the  cnuher;  there  waa,  therefore,  no  hauling  of  the  raw  matralal 
and  the  arerage  haul  for  the  flntshed  product  was  about  160  ft. 

The  plant  for  preparing  the  material  consisted  of  a  coke  crusher  or  blzer. 
in  which  the  chiders  pass  between  two  loUs  with  corrugated  facea.  removable 
in  segments,  a  ch^n  and  bucket  elevator  to  raise  the  crushed  materU  to  the 
screen,  and  the  Jlgling  screen,  known  to  the  trade  as  the  Columbian  Separator. 
Power  was  furnished  by  a  traction  engine  hired  by  the  day,  and  the  whole 
apparatus  boused  and  provided  with  bins  and  chutes,  for  economical  handling 
ot  the  dndeiB.  This  outfit,  which  was  furnished  by  the  Jeffrey  Mfg.  Co.  of 
Columbus,  Ohio,  proved  In  every  way  suited  to  the  lequlrementa.  The 
flaking  screen  is  the  only  one  which  can  successfully  remove  the  dust  and 
flsjie,  as  the  material  Is  usually  moist  and  requires  a  hard  Jolting  to  separata 
the  particles.  The  screen  stands  at  an  angle  of  46"  and  has  a  movement  as 
recalled  by  the  writer  ot  about  2  ins.  at  a  rate  of  about  150  per  minute,  A 
wire  Bcteen  cloth  of  3  meshes  to  the  In.  removed  all  dust  ot  less  than  H  In. 
diameter,  and  practically  none  ot  greater  size,  the  whole  plant  produdng  a 
beautifully  clean  material  from  K  to  !'!  In.  in  dimension. 

The  cinders  were  received  in  Bat  bottomed  coal  cars  with  side  boards 
containing  an  average  ot  about  30  cu.  yds.  They  were  shoveled  from  the 
cam  onto  a  platform,  beneath  which  (be  crusbei  was  set.  with  its  hopper  on  a 
level  with  the  floor.  The  sldhig  was  extended  beyond  the  plant  a  suScleDt 
distance  to  hirid  10  cais  and  on  a  grade  wliich  allowed  the  caia  to  be  placed  at 
tbe  platform  by  gravity  alter  a  train  was  set  by  the  switch  engine.  The 
product  of  the  screen,  which  was  set  about  10  ft.  above  the  crusher,  tell  into 
bins,  from  which  the  filter  material  could  be  drawn  by  chutes  Into  wagons  or 
Into  a  small  car,  white  the  duet  was  drawn  Into  the  emptied  flat  cats  and 
hauled  away  by  the  railroad  free  of  charge. 

A  strip  around  the  outside  of  the  beds  was  first  filled  by  wagons  to  a  suffi- 
cient width  to  lay  a  movable  track  on  the  cinders,  and  the  remaUlder  was 
handled  by  means  of  the  small  car,  which  held  about  IH  cu,  yds.,  dumped 
from  the  ^de,  and  was  run  by  hand  by  two  men  on  the  track  referred  to. 

Boundhouse  cinders  were  purchased  direct  from  the  Pennsylvania  R.  S.  at 
a  price  of  tS  per  car.  The  weight  per  cubic  yard  Is  from  1,200  to  1,300  lbs., 
439  cars,  or  about  12,S70cu.  yds.  of  the  raw  material  were  required  to  produce 
the  S,579  cu.  yds.  rt  coarse  screenings  used,  showing  a  loss  ot  20  per  cent. 
This  is  slightly  better  than  can  be  counted  on  as  the  cinders  were  of  excep- 
tional quality.  It  Is  not  sate  to  figure  on  more  than  BS  per  cent,  of  the  raw 
material. 

The  total  coat,  including  crushing  and  screening  plant,  foreman  and  all 
expense  ot  every  kind  was  as  follows: 
Coat  of  Outfit: 

Machinery t    860,00 

Lumlw 222. 6Q 

Labor  on  bin 87 .  30 

Side  track  (labor  oa^) 208.10 

Awning fi.80 

Total , tI,373.S3 

Repaira,  new  parts,  etc 281.34 

Cost  of  Material: 

438  cats  cf  cinden  at  tS 3,G12.00 
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Cost  of  Operation: 

I^bor $2,578.42 

Coal ; 80 .  00 

Use  of  engine 101 .  25 

Oil 34.43 

Insurance 14.00 

Total $2,803,10 

Total  cost $7,970.27 

Per  cubic  yard 0.832 

The  cost  per  cubic  yard  of  finished  material  was  as  follows: 

Per 

»  cu*  yd. 

Crushing  and  screening  plant,  bins  etc.  (applicable  only  to  similar 

quantities) $0. 144 

Repairs,  etc 0. 029 

Cinders 0.336 

Handling 0 .  293 

$0,832 
The  last  item  can  be  subdivided  as  follows: 

Total  Per  cu.  yd. 

Labor  unloading  cars $    462. 27  $0. 048 

Labor  at  crusher  and  placing  cinders 2,111.15  0. 220 

Power 215.68  0.028 

Insurance 14 .  00 

The  cost  of  placing  in  filters  by  means  of  the  small  cars  was  about  $0.02  per 
cubic  yard. 

The  price  paid  for  labor  varied  from  $1.50  to  $1.75  per  day  averaging  prob- 
ably $1.60.  The  foreman  received  $2.50  per  day  and  the  engine  man  $8. 
The  entire  job  was  handled  carefully  and  close  attention  to  business  is  neces- 
sary to  duplicate  the  results. 

Cost  of  Sewage  Treatment  Works  at  Washington,  Penn. — Doni^d  M. 
Belcher  gives  the  following  information  in  Engineering  News,  Apr.  11, 1912. 

The  sewage  treatment  worlcs  for  Washington,  Penn.,  were  built  in  1907-8. 

The  plant  consists  of  septic  tanks,  sprinkling  filters  and  settling  basins  and 
has  a  capacity  of  3,000,000  gal.  of  sewage  per  24  hours.  It  is  located  about 
three  miles  below  Washington,  on  the  Chartiers  Creek,  near  Arden  Station. 

Screen  Chamber. — The  sewage  first  enters  the  screen  chamber,  which  is 
situated  on  the  opposite  side  of  the  creek  from  the  rest  of  the  parificati<Hi 
works.  This  chamber  is  open  and  divided  into  two  sections,  each  of  whidi 
may  be  shut  off  by  stop  planks.  The  sewage  passes  through  two  screens,  the 
first  having  openings  of  H  in.  and  the  second  openings  of  H  in- 

Suction  Conduit. — The  sewage  passes  under  the  creek,  through  a  16-in.  cast- 
iron  inverted  siphon,  and  fiows,  by  gravity,  to  the  pumping  station,  in  a  con- 
duit consisting  of  20-in.  vitrified  pipe  laid  in  concrete. 

Pumping  Station. — The  building  is  of  pressed  brick  with  sandstone  trim- 
mings, resting  on  concrete  foundation  walls,  which  form  the  lower  portion  of 
the  station,  in  which  the  machinery  is  located.  The  roof  is  of  slate  carried  by 
steel  trusses. 

Under  pumping  machinery  is  included  one  25-hp.  and  two  15-hp.  Gardner 
gas  engines,  one  8-in.  and  three  5-in.  Brooks  centrifugal  pumps  and  all  piping, 
valves  and  appurtenances  in  the  pump  pit.  The  gas  engines  are  of  horizontal, 
single-cylinder,  two-cycle  type  and  are  fitted  with  hot  tube  ignition  and  com- 
pressed-air starting  devices.    The  5-in.  and  one  8-in.  sewage  pumps  have  a 
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Table  XII. — Unit  Prices,  Sewage-Pumfication  Works,  Washington,  Penn. 

Quantity  Unit  price 

Excavation 14 ,730  cu.  yd.  $    0. 28 

Concrete,  roofs,  1,:2:4 353  cu.  yd.  11 .00 

reinforced  walls  and  wails  having  a  mini- 
mum dimension  of  12  in.  or  less,  1:2:4.     1,280  ou.  yd.  7.40 
heavy  walls  and  foundations,  1:2H'^H-     1,517  cu.  yd.  7.00 

floors,  1:2K:6>^ 1.412  cu.  yd.  6.00 

Ransome  twisted  steel  reinforcement 30 . 5  tons  45 .  00 

Cast  iron  pipe 66. 5  tons  50. 00 

Special  castings,  bell  and  spigot 6.1  tons  85 .  00 

Special  castings,  flanged 8.8  tons  105. 00 

Broken  stone  filtering  material,  local 13 ,  730  cu.  yd.  1 .  20 

Broken  stone  filtering  material  shipped  in 1 ,  135  cu.  yd.  .1 .  60 

Table  XIII. — Costs  of  Various  Parts  of  the  Sewage-Purification  Works, 

Washington,  Penn. 

Land 17  acres  $14,000 

Screen  chamber 826  cu.  ft.  323 

Suction  conduit.  16-in.  c.  i.  siphon 80  Un.  ft.  $     830 

20-in.  suction  line 257  lin.  ft.  1 ,  179           2,009 

Pumping  station,  28  X  50  ft. 

Building,  substructure 22.300  cu.  ft.  2.908 

Building,  superstructure 25 .  200  cu.  ft.  5 ,  184  8 .  092 

Machinery,  engines  and  pumps 4 ,  827 

Machinery,  water  supply 3 ,  823  8 ,  650 

14-in.  c.  i.  force  main 385  lin.  ft.                                 1 ,070 

Septic  tanks,  800,000  gal. 

Earthwork,  average  cut 10. 5  ft.  1 , 379 

Concrete 1 ,204  cu.  yd.  9,087 

Steel  reinforcement 16. 5  tons                    743 

Valves,  pipes,  etc 2.700         13.909 

Dosing  chamber 630  cu.  ft.  382 

2a-in.  c.  i.  conduit  to  filters 190  Un.  ft 765 

Sprinkling  filters 1.5  acres 

Earthwork/ average  cut 1 . 5  ft.  1 ,  341 

Concrete  walls 454  cu.  yd.  3,686 

Flushing  jfalleries 56,700  cu.  ft.  8,376 

IHstributing  system 9 ,  578 

Collecting  system 8 ,  806 

Filtering  material 14,865  cu.  yd.  18,324 

Miscellaneous 238       50.299 

Settling  basin,  160.000  gal. 

Earthwork 600 

Concrete 164  cu.  yd.  1 .099 

Valves,  pipes,  etc 293  1 ,892 

18-in.  outfall  conduit 165  lin.  ft 314 

Sludge  disposal 

Drying  area 1.5  acres  762 

18-in.  drain  from  septic  tanks 416  lin.  ft.  652 

10-in.  drain  from  settling  basin 165  lin.  ft.  289 

6-in.  c.  i.  forc«  main.... 202  lin.  ft.  148  1.851 


4-in.  c.  i.  water  main , .  .  .  .          430  lin.  ft.          227 

Miscellaneous 1 ,  045 

Total  cost  (exclusive  of  engineering)                                    $104 ,  828 

Engineering,  10. 1  % 10 .  594 

Total  cost r $115,422 
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Tablb  XIV. — Unit  Costs  of  Stbuctubbs  Composing  SBWAOB-PuBiFicATioir 

Works,  Washington,  Pbnn. 

Capacity  Unit  price 

Pumping  station  building: 

Substructure 22,300  cu.  ft.               $0. 13  per  cu.  ft. 

Superstructure 25,200  cu.  ft.                 0.21  per  cu.  ft. 

Total 47,500  cu.  ft.                 0.17  per  cu.  ft. 

Septic  tanks 800,000  gal.         $17,380  per  1 ,000,000  gal. 

Sprinkling  filters 1.5  acres           $33,530  per  acre 

Settling  basin 160,000  gal.            11,820  per  1 ,000.000  gal. 

Screen  chamber 3,000,000         $       108                 Per 

Suction  conduit 070 

Pumping  station gallons                5,580           1,000,000 

Force  rhain 357 

Purification  plant:  per                                          gallons 

Septic  tanks 4 ,636 

Dosing^  chamber 127 

Conduit  to  filters 24  hours                  255                 per 

Sprinkling  filters 16,766 

Settling  basin 630            24  hours 

OutfalL 105 

Sludge  disposal 617 

Water  main 76 

Miscellaneous 314 

Total  purification  plant $23 ,  526 

Total  purification  works  (ex- 
cept land  and  engineering).  30,276 

Total  purification  works  (in- 
cluding land  and  engi- 
neering)   38,474 


combined  maxiinuin  rated  capacity  of  5,040,000  gal.  per  24  hours,  against  a 
head  of  20  ft.,  and  the  5-in.  sludge  pump  has  a  maximum  rated  capacity  d 
1,080,000  gal.  per  24  hours,  against  a  7-ft.  head. 

The  water  supply,  to  furnish  water  for  cooling  the  gas  engines  and  for  flush- 
ing purposes,  is  obtained  from  two  wells  which  were  driven  near  the  station. 
The  water  is  lifted  from  these  wells  by  compressed  air  into  a  suction  well,  of 
16,500  gal.  capacity.  Just  outside  ot  the -station,  and  pumped  from  this  into  a 
concrete  storage  tank,  situated  on  rising  groimd  about  175  ft.  from  the 
station.  This  tank  has  a  capacity  of  4000  gal.  and  is  13  ft.  above  the  gas 
engines. 

Under  this  item  is  included  the  cost  of  drilling  two  wells  (125  ft.  deep); 
a  20-hp.  Gardner  gas  engine;  a  Gould  triplex  pump  of  150  gal.  per  min. 
capacity;  a  Hall  air  compressor  having  a  capacity  of  50  cu.  ft.  of  air  per  min., 
against  50  lb.  pressure;  an  air  receiver,  2  ft.  in  diameter  by  8  ft.  long;  air 
piping  to  the  wells;  concrete  suction  well  and  storage  tank;  4-in.  cast-inm 
pipe  line  between  the  station  and  the  storage  tank  and  the  necessary  valves, 
piping  and  appurtenances  in  the  station. 

Septic  Tanks. — The  sewage  is  lifted  approximately  20  ft.  through  a  14-in. 
cast-iron  main,  into  the  septic  tanks.  Four  compartments  are  formed,  by 
reinforced-concrete  dividing  walls,  each  being  25  X  100  ft.  in  plan  and  11  ft. 
deep,  and  they  are  covered  by  a  4-in.  flat  reinforced-concrete  roof,  carried  on 
beams  and  piers.  Adjacent  to  the  tanks  is  a  small  uncovered  dosing  chamber 
in  which  is  a  float  operating  a  butterfly  valve  which  automatically  controls  the 
flow  of  sewage  from  the  septic  tanks  to  the  filters. 

From  the  dosing  chamber  the  sewage  flows,  by  gravity,  through  a  20-In. 
cast-iron  pipe  line  to  the  sprinkling  filters. 
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SprinlUing  Fitters.— The  filters  are  four  in  number,  each  being  100  X  150  ft. 
in  plan,  and  are  surrounded  by  concrete  wails  on  all  sides.  Along  bothitides  of 
each  filter  are  covered  galleries.  4  ft.  wide  and  6  ft.  high,  and  into  these 
extend  the  ends  of  the  tile  underdrains.  A  4"tn.  oast-iron  water  main  runs  the 
length  of  each  gallery  to  provide  for  flushing. 

The  main  distributors  consist  of  15-in.  vitrified  pipe  embedded  in  the  walls 
of  the  central  gallery  and  the  lateral  distributors  are  5-in.  vitrified  pipe  carried 
in  the  top  at  small  concrete  waUs. 

Five^inch  haU-tUer  laid  on  a  4-in.  concrete  floor,  form  the  lateral  collectors. 
The  main  collectors,  which  are  built  of  concrete,  nm  the  length  of  each  filter 
and  empty  into  the  effluent  conduit,  which  is  formed  by  vitrified  pipe  em- 
bedded in  the  walls. 

The  broken-stone  filtering  material,  except  the  upper  6  in.,  was  taken  from 
a  local  <|uarry  and  was  a  low-grade  limestone,  very  close  grained  and  hard,  but 
liable  to  crumble  when  exposed  directly  to  snow  and  ice.  For  this  reason,  a 
better  grade  of  limestone,  from  Ohio,  was  used  for  the  upper  6  in.  Two  sizes 
of  stone  were  used,  the  larger  being  2H  to  4  in.  and  the  smaller  1  to  2H  in. 
The  average  d^th  was  6  ft.  10  in. 

Settling  B^sin. — This  is  an  open  basin,  with  concrete  walls  and  fioor,  di- 
vided into  two  parts  fcHr  purposes  of  cleaning.  The  sewage  passes  out  of  the 
basin  over  a  weir  and  flows  by  gravity  through  an  18-in.  vitrified  pipe,  to  the 
creek.  There  is  a  flap  gate  at  the  end  of  the  pipe  protected  by  a  concrete 
headwall. 

Sludge  Di^poatU, — ^An  area  of  about  one  and  one-half  acres  was  graded  and 
underdndned  to  provide  a  drying  area  for  the  sludge. 

The  sludge  from  the  septic  tanks  flows  to  the  disposal  area  by  gravity 
through  an  IS-in.  vitrified  pipe  line.  The  sludge  from  the  settling  basins 
flows  through  a  10*in.  vitrified  pipe,  laid  in  ocmCTete,  to  the  pumping  station 
and  is  pumped  from  there  through  a  6-in,  cast-iron  force  main  to  the  drying 
area. 

Unit  Price*. — In  Table  XII  are  given  the  unit  prices  of  the  principal  items. 

Stone  for  the  concrete  was  taken  from  a  quarry  located  about  1000  ft.  from 
the  plant.  The  sand  was  Ohio^Blver  sand  and  was  mixed  with  the  crusher 
dust  in  equal  parts. 

Costs. — ^Tlie  costs  of  all  the  structures  are  given  in  Table  XIII.  These 
costs  are  the  total  costs  of  the  work  to  the  Borough  of  Washington  and  not  the 
actual  cost  to  the  contractors.  In  apportioning  the  costs  to  the  different 
structures,  all  pipes,  valves,  etc.,  inside  of  the  outside  neat  lines  c^  each  struc- 
ture, were  considered  to  belong  to  that  structure. 

Unit  Costs. — In  Table  XIV  are  given  the  unit  costs  of  some  of  the  structures, 
based  on  their  capacities. 

It  is  estimated  that  the  present  purification  works  will  treat  the  sewage 
from  a  population  of  about  40,000  and  the  per  capita  costs,  in  the  following 
table,  are  based  on  this  figure.. 


Cost  of 

construction 
Pumping  station  and  works  preparatory  to  purifi- 
cation plant $20,261 

Purification  plant 70,677 

TotaJ    purification    works    (exclusive    of    land    and 

engineering) 90 ,  828 

Total  (including  land  and  engineering) 116,422 


Cost  per 
capita 

$0.61 
1.76 

2.27 
2.89 
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Cost  of  Barthwork,  Concrete,  Filter  Media  and  Drains  at  the  Montexiuna, 
Iowa,  Sewage  Treatment  Plant. — The  following  data  are  given  in  Municipal 
Journal  and  Public  Works.  Oct.  18,  1919. 

The  town  contains  a  population  of  about  1,500  and  the  plant  was  designed 
for  2,000,  assumed  as  the  population  twenty-five  years  hence.  The  plant 
consists  of  an  Imhoff  tank,  siphon  chamber,  two  intermittent  sand  filters  and  a 
sludge  bed. 

The  tank  is  of  the  circular  type,  with  an  area  of  gas  vent  23.6  per  cent  of  the 
whole  superficial  area  of  the  tank.  This  is  a  larger  area  than  is  found  in 
most  plants,  but  in  view  of  the  trouble  that  has  been  caused  by  too  small  vents 
and  the  extreme  freshness  of  the  sewage,  liberal  allowance  for  both  acorn  and 
sludge  were  thought  desirable. 

The  sludge  storage  capacity  up  to  within  three  inches  of  the  bottom  of  the 
inverted  V  beam  forming  the  overlap  for  the  vents  is  about  1.67  cubic  feet  per 
capita  on  a  basis  of  2.000  future  population,  and  up  to  the  slots  is  about 
1.88  cubic  feet  per  capita. 

On  the  basis  of  100  gallons  per  capita  per  day  (which  allows  for  ground  wat^ 
infiltration)  with  uniform  fiow  throughout  the  24  hours,  the  settling  period  in 
the  tank  would  be  2.42  hours  while  1200  population  is  connected  with  the 
sewers,  and  1.45  hours  when  2.000  are  connected;  while  if  aU  the  sewage  be 
assumed  to  reach  the  plant  in  18  hoius,  the  settling  period  would  be  1.82  hours 
and  1.09  hours  respectively. 

One  important  and  rather  new  feature  provided  in  this  tank,  is  an  8  in. 
drain  Just  below  the  sludge  outlet.  The  fiow  line  of  this  drain  is  such  that  the 
sewage  may  readily  be  drawn  below  the  slots  in  case  it  becomes  necessary  to 
work  upon  the  walls  of  the  settling  chamber.  It  has  been  found  in  actual 
operation  of  Imhoff  tanks  in  towns  of  the  size  of  Montezuma,  that  not  infre^ 
quently  the  sedimentation  chamber  h  allowed  to  become  completely  sludged 
up  and  thus  transformed  into  a  small  septic  tank.  In  order  to  clean  out  the 
sedimentation  chamber,  it  has  been  found  necessary  to  lower  the  sewage 
below  the  slots  and  then  force  the  sludge  down  through  the  slots,  carefully 
squ^;eeing  the  walls  and  sloping  aprons. 

Prof.  Dunlap  of  Iowa  State  University  (the  designer  of  the  plant)  gives  the 
cost  of  the  plant  on  the  basis  of  $4.00  for  labor  per  day  of  ten  hours  until  late 
fall,  after  which  the  same  was  paid  for  eight  hours;  and  teams  at  S7.00  per  day 
of  the  same  length.  The  length  of  naul  from  the  railroad  siding  to  the  plant 
was  1.3  miles,  over  a  fair  road  with  no  upgrnules.  Superintendence,  overhead 
and  profit  are  not  included. 

Earth  Work 

Estimated    Coat  per 
Type  cu.  yds.        cu.  yd. 

Filter  beds Slip  work 1060  $0.47 

Siphon  chamber M  slip  and  ^  hand 187  0. 78 

Imhoff  tank Hand  before  banks  caved 408  0.82 

Imhoff  tank After  cave-ins  with  bracing 408  2. 70 

Sodding  berms  of  filter  beds,  $0.20H  per  sq.  yd. 
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CoBT  OF  1:2:4  Concbetb,  peb  Cubic  Yabd 


In 
Cylindrical 

Walls  of 
Imho£F  Tank 
Cement,  at  6.4  sacks  per  cu.  yd.  f.  o.  b.  Montezuma 

($2.28  per  bbl.) $  8.65 

Hauling  by  team: — ^to  bam,  8Hc.»  to  job.  9c 0. 18 

Sand,  0.45  cu.  yd.  at  $2.65 1. 19 

Gravel,  0.90  cu.  yd.  at  $3.59 3.23 

Steel  reinforcement. 1 . 49 

Setting  forms  and  reinforcement 2.93 

Mixing  and  pouring;  heating  sand,  gravel  and  water.  1 . 98 

Total  cost  per  cubic  yard  in  place $14 .  65 

Cost  oe  Filter  Sand  and  Gravel,  per  Ton 

FUter 
sand 

Cost  f.  o.  b.  sand  company $0. 35 

Freight , - 0.90 

Unloading  from  cars  (mostly  box  cars) 0.063 

Hauling  by  team  1.3  miles 0. 39 

Unloading  from  wagons 0. 022 

Leveling  and  spreading 0. 131 

Total  cost  per  ton  in  place $1 .86 

Total  cost  per  cu.  yd $2. 78 

Total  amount  required  for  two  beds 1390  cu.  yd. 

Total  required  for  sludge  bed 21  cu.  yd. 


In  Siphon 
Chamber 

Includes 
only  walls 
and  foot- 
ings; roof 
and  floor 

omitted 

$  3.65 
0.18 
1.19 
3.23 
1.59 
2.18 
1.65 


$13.67 


Filter 
gravel 
$1.25 
0.90 
0.095 
0.39 
0.022 


$2.66 
$3.59 
194  cu.  yd. 
32  ou.  yd. 


Cost  or  6  In.  Yztritied  Farm  Drain  Tile  in  Filter  Beds 

Cost  of  tile  per  ft.  f.  o.  b.  Montesuma $0. 08 

Hauling  by  team  L3  miles 0. 005 

Trenching 0.039 

Laying 0 .  01 

Graveung  at  $2.66  per  ton  and  spreading  at  $0.04  per  ft 0. 44 

Total  cost  per  ft.  of  trench $0. 574 

Latino  15-in.  Vitrified  Pipe  Sewer  Main,   1425  Ft.  in  Lenoth 

Cost  of  pipe  per  ft.  f.  o.  b.  Montezuma $0. 65 

Hauling  by  team  1.3  miles 0. 033 

Trenching,  including  back-filling 0. 376 

Laying,  including  mortar 0. 077 

Total  cost  per  ft.  of  trench $-1 .  14 

Cost  of  talang  up  old  15-in.  sewer  and  back-filling  [>er  ft $0,246 

Cost  Sstimatet  for  Intercej^ting  Sewer  and  Treatment  Plant  at  Detroit, 
Mich. — ^Engineering  and  Contracting,  July  9,   1919,  gives  the  following; 

Extensive  stadies  of  costs  and  methods  of  treatment  of  Detroit  sewage 
have  been  made  in  connection  with  the  recent  Report  of  the  Consulting 
Sanitary  Engineer  on  the  Pollution  of  Boundary  Waters.  One  project  rec- 
ommended the  immediate  construction  of  two  low  level  intercepting  sewers 
discharging  through  pumps  to  two  separate  treatment  plants. 

The  treatment  plant  consists  of  Imhoff  tanks,  including  inflowing  and 
outflowing  channels;  grit  diombers;  sludge  drying  beds;  disinfection  plant. 

Imhoff  tanks  were  pr<^)ortioned  on  the  basis  of  a  sedimentation  i)eriod  of 
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two  hours,  when  the  rate  of  flow  equals  125  per  cent  of  the  average  rate  of  flow, 
and  storage  room  for  sludge  of  2  cubic  feet  per  tributary  person.  The  estimate 
for  grit  chambers,  bar  screens,  etc.,  was  made  by  making  an  allowance  of  5  ct. 
per  tributary  i)erson,  this  figure  having  been  arrived  at  from  a  review  of  pub- 
lished information  regarding  existing  plants.  The  area  of  sludge  drying  beds 
required  was  based  on  a  load  of  six  persons  per  square  foot  of  net  drying  bed 
area. 

The  total  estimated  cost  of  the  treatment  works  for  treating  162.7  M.  G.  D. 
from  a  population  of  950,000  is  $2,077,200.  The  cost  per  million  gallons  for 
the  diilerent  elements  is  as  follows: 

Imhoff  tanks %  8, 568 

Sludge  beds 971 

Screens  and  grit  chamber 292 

Disinfection 600 

Covering  ventilation  and  parking 2.336 

Total  estimated  cost  per  M.  G.  D f  12,767 

Cost  of  Sewage  Treatment  Works  at  Dallas,  Texas. — The  Engineering 
News  Record,  July  5,  1917,  gives  the  following  data: 

The  disposal  works  built  at  this  time  consist  of  a  grit  chamber,  12  Imhoff 
tanks,  a  sludge-drying  bed  and  a  discharge  conduit.  The  grit  chamber  is 
100  ft.  long  and  is  divided  into  three  parallel  sections.  Its  cross-section  is 
such  that,  combined  with  the  hydraulics  of  the  channel  leading  to  the  tanks, 
the  velocity  of  the  sewage  in  the  chamber  varies  but  slightly,  despite  a  ccm- 
siderable  variation  in  the  sewage  flow. 

The  channels  leading  to  the  Imhoff  tanks  were  designed  for  a  maximum  flow 
of  22,000,000  gal.  daily,  and  it  was  expected  that  the  present  average  sewage 
flow  would  be  about  1 1 ,000,000  gal.  daily.  During  the  past  year,  however,  the 
city  water-supply  has  been  completely  metered  and  the  water  consumpticm 
thereby  reduced  50%.  This  has  affected  the  sewage  flow,  so  that  only 
5,500.000  gal.  daily  reaches  the  disposal  works. 

Tanks'  Onb-Way  Flow 

The  Imhoff  tanks  are  of  the  rectangular  horizontal-flow  type  and  have  a 
combined  capacity  in  the  settling  chamber  of  1,312.000  gal.  and  a  sludge- 
storage  capacity  of  440,000  gal.  The  settling  chamber  of  each  tank  is  45  X  33 
ft.  in  plan,  and  the  sludge  chamber  is  29  X  19  ft.  The  tanks  are  33  ft.  deep. 
The  sewage  is  divided  into  12  parts,  each  part  flowing  through  one  tank. 
There  is  but  one  sludge  compartment  to  each  tank,  and  therefore  no  provisi(Mi 
is  made  for  reversing  the  sewage  flow.  Devices  for  agitating  the  sewage  with 
fresh  water  are  provided.  Sludge  is  to  be  withdrawn  through  8-in.  pipes 
leading  to  a  central  open  sludge  channel  and  thence  through  a  12*in.  pipe  by 
gravity  to  the  sludge  bed.  The  Blopes  of  the  bottoms  of  the  sedimentation 
chambers  are  1.36  on  1.     The  flattest  slope  in  the  sludge  chamber  is  1  on  2.25. 

The  sludge  bed  is  141  X  145  ft.  in  plan.  It  has  14  in.  of  graded  sand  and 
gravel  underdrained  by  3-in.  vitrified  pipe  laid  with  open  joints  4  ft.  c.  to  c 
Sludge  is  distributed  over  the  bed  through  seven  concrete  channels,  each 
carrying  a  track  on  which  run  small  dump-cars  used  to  remove  the  dried 
sludge. 

Clarified  sewage  from  the  tanks  unites  at  a  central  point  and  passes  over  a 
weir  into  the  discharge  conduit  and  thence  to  the  river.    A  continuous  auto- 
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mMie  Kcotd  of  the  sewage  Sow  l9  kept.  The  dlacharge  conditil  comiBta  oF 
300  ft.  at  S^-in.  pipe  and  2042  ft.  of  36  X  48-lii.  monDlllliic  coDcrete  Bewer. 

The  complete  plana  coll  olaa  (or  six  acies  of  Bprinkling  mter  fallowed  bj 
secondor;  settliiig  tonka  of  tbe  Imhofftype.  bulfuodBtor  thin  wtvk  were  not 
av^lable,  as  the  city's  bond  limit  <at  tbe  time  at  laaulng  tbe  aewoge-dlqxMkt 
bonds)  Umllad  tbe  amount  of  tbe  laaue.  Tbe  plant  ss.  constructed  b  bulll 
with  provision  made  for  the  addition  of  the 

Tbe  coat  of  the  work  was  as  fallows: 


Grit  chamber *2,0M 

InBuont  nhannel 647 

ItnhoS  tanliB , 08,847 

Bladgebed 17.BB7 

Water  supply  and  bolldlnits 4.43A 

MiBoellaneous 2. 268 

Total »»5,885 

ActJTatednSlBdie  Plant  at  Bscanaba,  Hlcb. — Engineerlnj  Record,  Feb. 
10. 19lT.publlsbestheloUowlng: 

The  1,000.000-gaL  actlvated-aludge  plant  built  at  Escanaba.  Mich..  Is  located 
at  the  south  end  of  the  city,  at  the  outlet  of  a  new  3H-mile  trunk  sewer  and 
about  2  miles  from  tbe  outlet  of  the  old  trunk  sewer.  The  new  trunk  serves 
a.  district  which  Is  not  as  yet  very  thoroughly  settled  except  at  the  extreme 
north  end,  and  will  provide  a  flow  for  tbe  neit  few  years  not  to  exceed  300.000 
gal.  per  day.  The  old  sewer,  which  has  pracllcalty  all  the  connections  it  will 
ever  have,  servea  about  10,000  persons  using  100  gal  of  water  per  d^.  Plans 
and  estimates  have  been  made  for  a  pumping  station  and  toice  main  to  con- 
nect the  old  system  with  the  dlspoHal  plant. 

DaUv  Capaciiv  1 ,000,000  OoUoin.— The  general  layout  consists  of  two  long 
rectangular  aerating  tanks  with  a  longitudln^  vertfctd  baffle,  so  that  the 
inlet  and  outlet  are  at  tbe  same  end,  the  end  adjoiuiiig  tbe  two  settliog  tuiks. 
The  total  capacity  of  the  aerating  tanlcB  Is  220,000  gal. ;  and  as  one-half  of  the 
total  flow  occurs  in  nine  hours,  a  foui-baur  aCratlon  period  will  give  a  dally 
capacity  of  nearly  1,000,000  gal. 

The  total  capadty  of  the  two  settling  tanks  Is  80.000  gal.,  which  will  give, 
with  the  corresponding  four-bour  aeration  period.  03  minutea  for  the  sedimen- 
tation period.  By  decreaalng  tbe  aeration  period  to  three  hours  the  sedimenta- 
tion period  will  be  70  mlnutee  and  the  capadty  of  the  plant  will  be  1,300,000 
gal.  per  day. 

Filtroa  plates  having  an  area  tA  3S0  sq.  ft.  are  used  In  the  ridge  and  valley 
aeration  tank,  which  has  an  area  of  30,000  an.  ft.  Thus  the  dlffu^on  ratio  Is 
1  to  a.3. 

Air  is  distributed  to  the  base  of  the  plates  from  a  Taylor  spiral-riveted, 
galvanized-ateel  header,  rtiminiahing  in  size  from  8  In.  to  S  In.  and  then  to  4  In. 
The  drops  from  the  header  are  4-Id,  Byera  galvanized  wrought-lron  pipe. 
The  blower  house  la  located  at  tbe  opposite  end  of  tbe  aEratlag  tanks  from  the 
settling  tanks,  and  inserted  in  the  main  Is  a  Venturi  meter  with  U-tube  mono  - 
meter.  Two  CouneiBvIlle  blowers  will  furnish  the  air.  Tbe  rated  capacities 
are  1200  and  2400  cu.  ft.  per  minute,  and  the  motors  driving  them  are  40  and 
75-bp.  General  EHectrlc  3200-volt  moton. 

Four  0-in.  drain  pipes,  laid  lengthwise  of  tbe  aerating  tanks,  have  4-ln. 
openings  at  each  casting.  They  are  coimected  with  a  6-ln.  Fairbanks-Morse 
centrifugal  pump  located  In  a  pump  pit  under  the  blower-house  floor. 
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eiudge  will  be  temoved  from  t)ie  settling  tanks  b;  Harris  nozzles  tfaroucfa 
8-ln.  cast-iron  pipes  back  Into  aerating  tanks,  or  to  the  Hiudge  tank  In  the  press 
houw,  where  It  ma;  be  further  aerated  from  a  1-in.  wraught  pipe  grid  with 
pertorstloos  In  the  pipes  1  in.  apart.  From  the-ttlud^  tank  the  sludge  will  be 
pumped  b;  a  3-ln.  motor-driven  centrlfueal  pump  Into  a  6  X  0-ln.  Worthlng- 
toD  filter  prem.  The  cakes  will  be  wheeled  to  a  small  abed  adjacent  and 
stored  on  racks  uutU  disposed  of.     The  supernatant  water  In  the  sludge  tank 
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will  be  drawn  off  by  a  perforated  steel  pipe  on  a  Seilble  elbow,  dlschaigfiig 
Into  the  drain  Bump  at  the  blower  house. 

Ezeatai»  Coffer  HadraTHicaUy.—Wigh  ground-water  level  was  at  Bl.  103. 
making  a  head  of  about  24  ft.  for  the  contractor  to  work  against  In  getting  In 
the  points  of  the  settling  tanks.  EicaTatloD  down  to  water.  (Oft.)  was  carried 
out  by  team  and  scraper. 

A  concrete  cofferdam.  24  X  44  ft.  In  inside  dimen^ons  and  £  ft.  deep,  was 
□d  the  site  of  the  settling  tanks. 


S'Shl  Mlwalh  afiallinf 
kjitt  from  a^rof^  /mt»  ^ , 

Fio.  2. — LoncltadiDal  section  shows  connection  batwi 


SfMnaeblmimKh 

Mttling  and  a«ial 


A  4-in.  Morris  centrifugal  pump,  driven  by  an  S^hp,  Novo  gas  eDgine,  wu 
placed  on  the  cioaa-bracing.  A  sump  midwa;  between  the  points  of  the 
settling  tanks  was  dug  by  hand  and  the  pump  started.  The  dtocharge  side 
had  a  tee  next  to  the  pump,  one  outlet  of  wblch  led  to  the  spoil  l>anlc  and  tlw 
other  to  a  IK-In.  nozzle  on  a  firehose.  When  the  water  in  the  sump  had  been 
puUed  down  deep  enough,  the  nozzle  was  turned  on  and  the  sand  washed 
from  under  the  wall  into  the  sump.     In  this  way  the  flrat  6-lt.  section  was  low- 
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ired  its  full  length.  Thm  a  TH-tt.  aecUoD  was  added  to  It,  and  otter  a  week's 
^uhns  pumiiiDC  was  temimed,  aaiag  tbia  time  a  2S-hp.  motor  Instead  of  the  gas 
ngiDB.  The  cofferdam  was  sunk  as  before  iiDIU  the  bottom  edge  reached  El. 
:l.G,  when  it  was  a  simple  matter  to  place  forma  and  concrete  in  the  dry. 
The  material  waa  unllamil;  a  medlmn  coarse  sand.  Water  from  the  excava- 
lou  tor  the  afiiaUng  tan&i  was  led  to  the  cofteidam  pump,  so  that  rale  pump 
oak  care  ot  practical];  all  the  water. 

The  total  coat  ot  the  plant.  Including  the  press,  blowers,  motoca,  and  pumps. 
I  (38,750, 

AetlTated-31adae  at  San  Haicas,  Tkc — Henr;  E.  Elrod  gives  the  following 
1  Engineering  News,  Feb.  8,  1BI7. 

In  regular  dallj  senlcs  in  Ban  Marcoa.  Tei.,  theie  ia  a  practical  and  highly 
itisfactory  actifaled-sludge  Hewage-dlBposal  plant  having  a  capacity  for 
-eating  150,000  gal.  of  domestic  sewage  per  24  hr.  Ttie  plant  was  designed 
nd  built  by  A^iley  F.  Wilson,  engineer-manager  fCFT  the  San  Marcoa  Utilities 
:o„  and  has  been  in  toleration  since  about  Sept.  1,  191S. 

The  plant  consists  of  an  aeration  tank  16  ft.  wide  by  40  ft.  long  uid  about 
ii  ft,  deep  from  the  Sow  line  ot  the  sewage  to  the  top  of  the  filtroa  plates, 
he  tank  is  divided  Into  four  channelE  by  longitudinal  concrete  baffles,  each 
lanitel  haTing  a  row  of  BItros  plates  12  in.  square  at  the  apex  of  Inverted 
rramlds  down  Its  center.  The  SItros  plates  are  spared  3  (t.  c,  to  c„  there 
;ing  52  plates  all  told.  The  opposite  end  of  each  channel  Is  open,  thusallow- 
g  the  sewage  to  Dow  in  series  from  the  Inlet  at  the  lett  to  the  outlet  at  the 
ght.  The  outlet  opens  Into  the  nettling  tank,  which  is  10  ft,  wide  by  25  It, 
ug  and  2G  ft,  deep,  the  walls  having  a  vertical  batter  of  1  to  2, 

Aeration  la  accompllahed  by  meaoa  of  a  6  x  10  In,  Connersrllle  blower 

the  Bostontype.  having  a  rated  capacity  for  2S0CU,  ft.  otfree  air  per  minute 
]der  G  lb.  pressure.  It  Is  actuated  by  an  electric  motor  requiring  an  average 
'4  kw.  of  current.     The  sludge  lift  ia  operated  by  air  from  thjs  blower. 

When  the  ptant  was  hrst  put  into  operation,  the  distribution  ot  air  through 
le  Bltroe  plates  was  uniform  and  satisfactory.  Later,  however,  some  of  the 
atea  showed  signs  of  erratic  action.  Upon  Inventlgatlon  It  was  found  that 
le  comer  of  one  plate  had  been  cut  out  by  the  action  of  t!ie  air  and  the  other 
ates  had  become  choked  to  such  on  eitent  that  their  usefulness  was  destroyed, 
i  each  plate  tailed,  a  small  pipe  with  its  lower  end  open  and  the  upper  end 
innected  to  ao  air  line  waa  substituted  with  aatiatactory  results. 

The  total  cost  of  the  completed  plant.  In  round  figures,  was  13500,  which 
m  included  tbe  lowering  of  the  bottom  of  the  settling  tank  after  the  plant  bad 
en  in  operation  lor  a  short  time.  The  plant  is  near  the  city,  but  it  produces 
I  oRenae  whatever.  The  operation  of  the  plant  ia  simple — it  requites  but  a 
w  minutes'  attention  each  morning. 
AcUvated-Sludie  Power  Costs. — Gustav  J.  Requardt  gives  the  toUowhig 

Engineering  News,  Jan.  14,  1B17: 

Given  the  amount  of  air  delivered  by  a  blower  (requiring  a  definite  amount 

power  tor  operation) ,  the  ratio  of  air  to  sewage  necessary  for  the  degree  ot 
!atment  deElred  and  the  unit  cost  of  power.  It  is  a  almple  calculation  to  find 
e  power  cost  lor  sewrage  treatment  by  the  activated-sludge  method.  When 
luy  calculations  are  to  be  made  at  one  time,  the  writer  has  found  that  raucli 
irk  may  be  eUmlnated  by  the  cooitructlon  unri  uw  of  a  set  ot  curves  in 
vlch  all  factors  are  considered  to  vary  witliiu  Uniils  suited  to  average 
ndltlon-t. 
The  curves  herewith  presented,  are  from  data  from  only  one  manufacturer 
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of  »lr  blowOTB  (the  Connerevllle  Blower  Co.)  but  It  ia  a  fllmple  matter  to  plot 
on  the  Bune  sheet  the  TSlues  ea  given  far  the  several  other  makca  of  air  blowen 
and  oompresaore, 

Cmiitruclisn  af  Dto^rani.— Pig.  1  la  loade  by  plottlne  as  absdsaas  the  power 
necesaaiy  to  dHve  the  maehlne,  and  aa  ordlnates  the  coiTeBi>oi)dlD|;  free  »Si 
delivered,  there  being  separate  curves  (or  various  air  pnesures.  Plotting 
thus  the  Information  taken  from  the  catslogs  of  the  various  makers,  ■  quick 
c<Hnparlson  of  elSclencies  may  be  made. 

Fig.  2  la  made  up  from  Fig.  1.  The  ordinates  remain  the  same  {free  air 
doUvared)  while  the  absdaaaa  are  obtained  by  diylding  tiis  power  by  the 


e  air  in  unlla  of  100  cu.  ft.  For  piample:  At  5  lb. 
i.  machine  will  deliver  900  cu.  ft.  of  free  air  per 
>f  power  is  required  per  lOQ  cu.  ft-  of  free  air  per 
minute  In  a  machine  capable  of  dehveiing  air  at  the  rate  of  900  cu.  ft.  per  min. 
It  is  to  be  noticed  that  In  the  type  of  blower  taken  lu  an  Illustration  for  these 
curves  the  efficiencies  but  alighlly  Increase  as  the  machines  become  larger. 
Fig.  3  Is  made  by  plotting  aa  ordhiates  the  kilowatts  per  100  cu.  ft.  of  free  air 
per  minute,  and  as  abscissas  the  kilowatt-hours  per  million  gallons  of  sewage, 
the  radiating  solid  lines  giving  the  various  proportions  of  volumes  of  tree  air 
In  cubic  feet  to  volumes  of  sewage  in  gallona.  The  same  radiating  lines  alto 
give  telatlona  between  sewage  flow  and  volume  of  free  air  required  for  imat- 
ment.  The  relations  between  kllowslt-lioura  per  million  gallons  of  setrage 
treated  and  cost  of  power  per  million  gallons  are  also  plotted  on  tills  sheet,  the 
radiating  dotted  lines  representing  tlie  various  unit  coels  of  power. 
The  method  of  proportlooing   air  supply   to   sewage  flow,   volume  for 
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«lume,  la  far  simpler,  in  Uie  wdtet's  mind,  than  any  other  mrethod.  Some 
nglneen  prefer  to  state  the  volume  of  air  supply  to  the  area  of  tank  aurface 
ler  unit  of  time.  This  brings  the  dlmensloiLS  of  the  sewage  tank  or  container 
nd  the  length  of  time  of  air  treatment  Into  the  ptDblem,  where  these  elements 
0  not  beloDs:  they  can  be  much  better  handled  In  the  actual  design  of  the 
tant.  It  Is  well  to  remember,  then,  In  using  the  curves,  that  kIuhu  of  air 
Lipply  is  proportional  to  vBtume  of  sewage  treated,  liTe9i>ectlve  of  the  slse  or 
luipe  of  tank  or  of  the  length  of  time  ot  alT  agitation  and  trsatment. 

Hoa  to  Uie  the  Cuna.—To  lIluBtrate  how  the  curv«  are  to  be  used,  let  ue 
saume  that  the  sewa^  ot  a  dty  la  to  be  treated  by  the  activated-sludge  method 
nd  that  the  cost  at  power  Is  required.  AsBume  that  eiperimenls  on  the 
3wage  bave  shown  that  the  neoeiisaiy  puiiScatlon  Is  obtained  by  applying  1 
u.n.  of  free  air  iieigallaa of  sewage:  that  the  properdepth  of  tank requlrae  air 
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ro-  5. — Relation  between,  sewaM  flow,  ur  and  power  required  in  attivated- 

uudH  ptauts- 

1,000.000  kbI.  per  day  -  094  sal.  per  min. 

be  delivered  at  a  pressure  ot  S  lb.  per  sg.  In.;  that  current  In  Uie  locaUty 
question  cosia  He.  pet  kw.-hr.  The  sewage  Sow  may  be  assumed  at  1,000,- 
O  gal.  per  day.  It  la  to  be  noted  hEre  that,  tor  larger  Bowb.  a  atralght-llne 
atlon  holds  between  sewage  flow  and  air  required  and  that  the  air  can  be 
ppUed  by  any  number  of  blowers  or  compreaaon.  Larger  problems  can 
us  be  split  down  to  smaUer  units  and  each  solved  separately. 
With  the  elements  above  assumed  having  been  determined,  we  are  Dow 
idy  to  make  use  Of  the  curves.  Enter  Fig,  3  at  the  ordinate  for  1,000,001) 
1.  sewage  flow  per  day  and  note  where  this  ordinate  strikes  the  radiating 
id  line  tor  1  cu.  ft.  air  to  l  gal.  liquid,  the  abscissa  at  this  point  reading  604 
.  ft.  tree  air  per  minute.     This  determines  the  size  or  capacity  of  air  blower 
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required.  Now  enter  Fig.  2  at  the  ordinate  for,  say,  700  cu.  It.  of  free  air  per 
minute  and  note  where  it  strikes  the  line  for  5  lb.  per  sq.  in.,  the  absciaBa 
at  this  point  reading  2.4  kw.,  of  power  per  100  cu.  ft.  of  free  air  per  minute. 
Again  using  Fig.  3,  note  where  the  ordinate  for  2.4  kw.  per  100  cu.  ft.  atr  per 
minute  strikes  the  radiating  solid  line  for  1  cu.  ft.  air  to  1  gal.  liquid.  The 
abscissa  at  this  point  reads  400  kw.-hr.  per  million  gallons  of  sewage  treated. 
Headiog  upward  along  this  abscissa,  note  where  it  strikes  the  radiating  dotted 
line  for  Kc.  per  kw.-hr.  The  ordinate  at  this  point,  toward  the  right-hand 
margin,  reads  $3.50  cost  of  power  per  million  gallons  of  sewage  treated,  which 
is  the  result  desired. 

In  the  example  given  above,  no  recognition  has  been  taken  of  the  fluctuation 
of  sewage  flow  as  it  reaches  the  plant.  To  ai^ly  to  each  gallon  at  sewage  its 
proper  volume  of  air,  a  detention  chamber  can  be  utilized  so  that  the  raw 
sewage  may  be  passed  into  the  agitation  compartment  of  the  activated-sludge 
tank  at  a  uniform  rate;  or  the  capacity  of  the  air-blower  units  can  be  figured 
upon  the  maximum  or  peak  flows  with  the  idea  that  separate  uniis  are  to  be 
shut  down,  one  by  one,  as  the  sewage  flow  decreases. 

Comparative  Cost  of  Construction  and  Operation  of  Activated  Sludge  and 
Imhoff  Tank-Trickling  Filtering  Processes  of  Sewage  Treatment. — ^An  inter- 
esting comparison  between  Imhoff  trickling  fllter  and  activated  sludge  methods 
of  sewage  treatment  was  given  by  Harrison  P.  Eddy  of  Metcalf  &  Eddy,  Con- 
sulting Engineers,  in  a  paper  presented  before  the  Western  Society  of 
Engineers.  The  discussion  was  based  on  studies  of  treatment  plants  designed 
to  fulfill  the  same  conditions.  The  figures  for  the  trickling  filter  plant  were 
based  on  the  design  and  cost  of  the  plant  at  Fitchburg,  Mass.,  with  such  modi- 
fications as  were  necessary  to  reduce  the  costs  to  units  suitable  for  comparison. 
The  design  of  the  activated  sludge  plant  was  based  upon  experience  gained 
from  several  experimental  installations  operated  by  Mr.  Eddy  during  the  past 
year  and  from  data  from  Milwaukee  and  other  reports.  The  average  quantity 
of  sewage  was  assumed  to  be  100  gal.  i)er  capita  per  day,  equivalent  to  5,500,000 
gal.  per  24  hours,  and  the  detention  period  in  Imhoff  and  humus  tanks 
was  based  upon  a  daytime  fiow  of  125  per  cent  on  the  average.  The  Fitch- 
burg, Mass.,  plant  has  been  in  successful  operation  since  October,  1914.  The 
structural  features  of  this  plant  were  very  fully  described  in  the  June  25, 1913, 
issue  of  Engineering  and  Contracting.  The  only  material  modification  made 
in  the  Fitchburg  design  to  aid  in  Mr.  Eddy's  comparison  was  to  increase  the 
sizes  of  the  trickling  filters  and  dosing  tanks  to  serve  a  population  of  55,000 
instead  of  40,000  persons.  Mr.  Eddy's  paper  is  printed  in  the  December 
Journal  of  the  Western  Society  of  Engineers,  from  which  the  following  matter 
is  given  in  Engineering  and  Contracting,  Feb.  14, 1917. 

The  plant  for  the  activated  sludge  process  was  designed  as  far  as  possible  to 
meet  the  same  conditions  as  those  for  which  the  trickling  filter  plant  was  built. 
The  same  type  of  structures  has  been  used  where  applicable,  and  an  effort 
was  made  in  every  way  to  make  the  two  plants  strictly  comparable,  both  being 
designed  to  serve  55,000  persons. 

The  grit  chamber,  screens  and  venturi  meter  equipment  are  included  with- 
out change  in  the  activated  sludge  plant,  the  requirements  being  the  same  in 
each  case. 

The  sewage  aeration  tanks  were  designed  to  operate  on  the  continuous  flow 

plan.    The  tanks  were  rectangular  in  plan,  each  unit  being  30  ft.  wide  by  90  ft. 

r)iig  inside,  of  a  type  similar  to  the  Imhoff  tanks  in  the  trickling  filter  plant. 

impressed  air  was  supplied  to  the  tanks  through  a  piping  system  leading  to  a 
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series  of  filtros  blocks  located^  in  the  bottom  of  the  tank.  Each  tank  unit  was 
divided  by  means  of  thin  partition  walls  into  four  longitudinal  channels  7  ft. 

2  in.  wide.  Provision  was  made  for  a  depth  of  10  ft.  of  liquid  above  the  top 
of  the  filtros  blocks.  It  was  intended  to  operate  two  tank  units  in  series  and 
five  double  tank  units  in  parallel;  that  is,  the  sewage  will  enter  one  tank,  pass 
longitudinally  back  and  forth  through  the  four  channels  in  that  tank,  then 
to  the  second  tank  and  back  and  forth  longitudinally  through  the  four  channels 
jf  that  tank  to  the  point  of  discharge,  making  a  total  distance  traveled  of 
ibout  700  ft.  Sufficient  tank  capacity  was  provided  for  an  average  period  of 
leration  of  4H  hours,  with  sludge  Cf^Mudty  amounting  to  25  per  cent  of  the 
otal  tank  capacity.  Under  these  conditions  the  average  horizontal  velocity 
vould  be  about  2.6  ft.  per  minute.  The  ratio.of.total  tank  floor  surface  to 
irea  of  aerating  system  was  8.5  to  1,  which  is  the  basis  of  the  present  Milwau- 
:ee  tanks.    The  indications  are,  however,  that  this  ratio  should  be  reduced  so 

3  to  provide  a  somewhat  larger  area  for  air  diffusion. 

For  the  purpose  of  aeration  and  agitation  it  was  assumed  that  the  volume 
f  air  to  be  supplied  will  average  1 .75  cu.  ft.  per  gallon  of  sewage  treated. 

The  quantity  at  air  required  to  aerate  the  average  quantity  of  sewage,  at 
he  rate  of  1.75  cu.  ft.  per  gallon  treated,  will  be  6.680  cu.  ft.  per  minute.  An 
icrease  in  rate  of  sewage  flow  to  150  per  cent  of  the  average  will  frequently 
ccur  and  the  air  compressing  plant  must  be  able  at  all  times  to  meet  this 
^quirement.  In  addition,  provision  must  be  made  for  emergencies  of  various 
inds.  For  this  service  four  units  of  electric  motor-driven,  positive  pressure 
lowers,  were  provided,  each  capable  of  furnishing  about  3,200  cu.  ft.  of  free 
ir  per  minute  at  a  pressure  of  about  5  lb.  per  square  inch.  The  motors  must 
3  of  the  variable  speed  type,  in  order  that  the  quantity  of  air  may  be  varied 
M3ording  to  the  requirements.  Two  additional  blowers  of  the  same  tjrpe  and 
ze  were  provided  to  furnish  air  for  the  sludge  aeration  tanks. 
On  account  of  the  small  pores  in  the  diffusing  system,  whether  filtros  blocks, 
Doden  blocks  or  other  means  are  employed,  it  is  essential  that  the  air  fur- 
shed  shall  be  clean;  that  is,  free  from  dust,  oil  or  other  foreign  substances, 
ae  of  the  best  methods  of  obtidning  clean  air  is  to  pass  it  through  an  air 
isher  before  going  to  the  compressor.  Such  apparatus  is  a  standard  com- 
ercial  product  and  operates  satisfactorily. 

The  estimates  provided  tor  two  air  flow  meters  of  the  General  Electric  Co. 
pe,  similar  to  those  in  use  at  the  Milwaukee  plant.  One  of  these  meters 
ts  intended  to  measure  the  quantity  of  air  supplied  to  the  sewage  aeration 
oks,  and  the  other  the  air  supplied  to  the  sludge  aeration  tanks.  In  a  large 
int  it  may  be  advisable  to  install  additional  meters  to  measure  the  quantity 
air  supplied  to  air  lifts,  but  in  the  comparison  no  allowance  was  made  for 
3h  additional  apparatus. 

A.  building  will  be  required  to  house  the  several  air  compressor  units  amount- 
:,  in  this  particular  case,  to  six  large  positive  pressure  blower  units  and  two 
all  reciprocating  units  for  operating  the  air  lifts.  This  building  may  also 
lae  the  air  washer,  air  meters,  transformers  and  other  equipment, 
rhe  estimates  included  six  sedimentation  tanks.  Each  was  of  the  vertical 
V  type,  cylindrical  in  form  with  inverted  conical  hopper  bottom  terminating 
i  deep  well  4  ft.  in  diameter,  similar  to  the  tanks  at  Milwaukee.  The  tanks 
>vided  for  sedimentation  for  a  period  of  H  hour,  on  the  continuous  flow 
n,  with  space  for  sludge  amounting  to  25  per  cent  of  the  total  tank  capacity. 
3  total  depth  of  water  and  sludge,  fa  the  central  well,  was  35  ft.  The  tanks 
Vf  ilwaukee  were  constructed  with  hopper  bottoms  on  a  slope  of  1  to  1,  but 
50 
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experience  has  proven  that  steeper  slopes  aie  necessary  if  the  sludge  is  to  slide 
easily  into  the  central  well.  These  tanks  were  so  designed  that  the  sewage 
and  sludge  will  enter  the  tank  at  the  center,  flow  downward  and  under  the 
edge  of  the  distributing  cylinder,  thence  upward  and  out  through  collecting 
weirs  arranged  around  the  circumference  of  the  tank.  Each  of  the  central 
sludge  wells  will  be  provided  with  an  air  lift  to  raise  the  sludge  from  the  sedi- 
mentation tanks  to  the  sludge  aeration  tanks,  or  into  the  influent  of  the  sewage 
aeration  tanks. 

Two  units  of  sludge  aeration  tanks  were  provided  of  a  type  similar  to  the 
sewage  aeration  tanks,  but  differing  in  that  the  partition  walls  were  made 
heavy  enough  to  withstand  water  pressure,  thereby  making  each  channel 
a  separate  sub-unit.  The  general  dimensions  of  channels  were  the  same  as  in 
the  sewage  aeration  tanks;  that  is,  7  ft.  2  in.  wide  and  90  ft.  long,  provision 
being  made  for  a  depth  of  10  ft.  The  total  capacity  of  sludge  aeration  tanks 
provided  is  328,000  gal.  which  is  equivalent  to  0.8  cu.  ft.  per  capita,  or  about 
60,000  gal.  per  million  gallons  of  operating  capacity. 

It  was  planned  to  provide  one  air  lift  in  a  well  to  serve  the  eight  sub-units 
of  sludge  aeration  tanks,  and  a  similar  lift  for  eadi  of  the  sedimentation  tanks. 

It  was  estimated  that  the  activated  sludge  process  will  produce  about  4,500 
gal.  of  sludge  per  million  gallons  of  sewage.  Doubtless  this  quantity  will 
vary  considerably  under  different  conditions.  It  is  largely  dependent  upon 
the  proportion  of  water  contained  in  the  sludge.  For  the  average  quuitity  of 
sewage  for  which  this  plant  was  designed,  6,600,000  gal.  per  24  hours,  the 
ciuantity  of  sludge  produced  daily  will  be  24,760  gal.  For  the  purposes  of 
this  comparison  it  was  assumed  that  the  sludge  will  be  dried  on  sand  drying 
beds  from  which  it  can  be  removed  to  a  dump. 

It  is  recognized  that  important  experimental  work  is  being  done  to  develop 
suitable  dewatering  and  drying  processes  that  will  make  it  economically  pos- 
sible to  dry  the  sludge  to  10  per  cent  moisture  and  thus  make  it  saleable  as  a 
low-grade  fertilizer  or  as  fertilizer  base. 

For  the  purpose  of  estimates  it  was  assumed  that  the  sludge  drying  beds 
can  be  dosed  an  average  of  16  times  per  year  to  a  depth  of  12  In.,  thus  requiring 
a  total  net  area  of  sludge  beds  of  80,500  sq.  ft.  To  this  should  be  added  a 
sufficient  area  to  care  for  sludge  during  the  winter  months  (Dec.  15  to  March 
16)  and  to  allow  for  drawing  of  water  collecting  oirthe  surface  of  the  sludge. 
To  provide  for  these  contingencies  the  area  should  be  increased  60  per  cent  to 
120,760  sq.  ft.,  equivalent  to  2.76  acres  net  area,  or  2.2  sq.  ft.  per  capita.  If 
sludge  bed  units  of  the  same  size  and  type  as  those  for  the  trickling  filter  plant, 
are  used,  there  will  be  required  77  such  units,  or  about  7  times  the  area  required 
for  the  trickling  filter  process.  These  sludge  beds  were  suitably  underdrained 
and  provided  with  a  system  of  narrow  gage  tracks  and  cars  for  removing  the 
sludge  to  the  sludge  dump  whence  it  can  be  carried  to  a  point  of  disposaL 

Co»t  of  Construction. — The  cost  of  the  trickling  filter  plant  was  based  on  the 
unit  costs  of  construction  of  the  trickling  filter  plant  at  Fitchburg,  Mass., 
which  was  built  by  contract,  bids  being  received  in  May,  1913.  Ck>8t  figures 
obtained  in  this  way  are  more  nearly  representative  of  normal  conditions  than 
if  based  on  the  high  cost  of  construction  prevailing  at  the  present  time.  As 
far  as  possible  the  same  unit  costs  of  construction  have  been  applied  to  the 
estimates  of  the  activated  sludge  plant,  that  the  two  estimates  may  be 
comparable. 

The  estimated- cost  of  the  trickling  filter  plant  is  given  in  Table  XV.  In 
addition  to  the  main  features,  a  number  of  items  are  included  which  go  to  make 


e  years  1916  sod  1016.  Fnim  data  furnlahed  bj  David  A.  Hartwell.  Chief 
tglneer.  deductloos  have  been  mode  lor  certain  expenditures  pert^nlns  to 
natruction  rather  than  operation.  The  Items  tor  191S  (with  estimates  (or 
□vember.  the  lut  month  of  the  flsral  rear)  tire  shown  In  Table  XVII,  from 
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Tablm  XVI. — ^EanMATXD  Cost  of  AcmnrATCD  Si.csaB  Plajtt 

Cost  ex^        Unit   eost,  excL 
enc'K  mad  ^^S  ^"^ 

admiius-  «dmhnrttmtk>n 

tration.  Per  Per 

Total  capita  M.  G.  D. 

Grit  efaamber  and  screen $  10.000  $0.18  $  1.818 

Ventnri  met«  and  chamber 3.000  .05  546 

Sewace  aeration  tanks 78.100  1.42  14.200 

Blodce  aeration  tanks.  incL  air  lifts 17.500  .32  3.180 

Sedimentation  tanks,  ind.  air  lifts 8.300  .15  1.510 

Air  compresnnc  equipment 22.600  .41  4.110 

Air  meters — 2 ^ 700  .01  127 

Air  wsshei^— 1 600  .01  109 

Powerhouse 29.700  .54  5.400 

Sludce  bedS;  ind.  underdrains 31 .400  . 57  5.710 

Conduits,  pipe  lines  and  orerflow 10.000  .18  1,818 

Effluent  dram 1.300  .02  236 

Roadways 8.300  .15  1.510 

Laboratory  building  and  equipment 15.200  .28  2.760 

Grounds,  trees,  planting,  etc 1 .700  .03  309 

Miscellaneous  work,  4  %  of  total,  excl.  land 9.540  .  17  1 .735 

Land 25,000  .45  4.540 

Total $272,940       $4.94     $49,618 

Add  15  %  for  eng'g  and  administration 40.940  .77         7,482 

Grandtotal $313,880       $5.71     $57,100 

For  55.000  persons  »  $5.71  per  capita. 

For  5,500,000  gal.  per  day  =^  $57,100  per  m.  g.  d. 

TaBLB  XVII. ESTIMATKD  ANNUAL  COBT  OF  OPBBATION  OF  FiTCHBUBO,  Ma88., 

Imhoff  Tank-Tbickling  Filtkb  Plant  fob  thb  Ybab  1916 

General,  including  administration $  1 ,  800 

Laboratory 1 ,  700 

Grit  chamber 900 

Imhoff  tanks 1 ,700 

TrickUng  filters 1 .  100 

Secondary  tanks 900 

Sludge  beds 800 

Care  of  grounds 1 ,250 

Miscellaneous 1 ,  100 

Total $11,250 

3  m.  g.  d.  ■■  1,096  m.  g.  treated  «  $10.28  per  m.  g. 
32,500  persons  »  $0.35  per  capita. 

which  it  appears  that  the  total  cost  of  operation  has  been  $11,250,  which  is 
equivalent  to  $10.28  per  million  gallons  treated,  averaging  3,000,000  gal. 
daily,  or  35  ct.  per  capita,  on  a  basis  of  32,500  persons  actually  connected.  The 
total  population  in  1915  was  about  39,656.  * 

Similar  figures  for  the  Gloversville  trickling  filter  plant  show  the  following 
costs  of  operation  per  million  gallons  of  sewage  treated: 

Annual  cost  of  operation 

Per  M.  G.  treated  Per  capita 

1913 $5. 16  $0.24 

1914 5.92  .27 

1915 5.72  .26 

It  should  be  stated  here  that  these  expenditures  are  limited  to  the  barest 
necessities.  No  chemical  supervision  nor  other  refinements  which  can  be 
avoided,  are  included. 

The  estimate  of  annual  operation  cost  of  the  hypothetical  Imhoff  tank- 
Mckling  filter  plant  to  serve  a  population  of  55.000  is  given  in  Table  XVIII. 
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TiBi.a  XIX. — EaTiHAim  Anhdil  Cost 

Sludqi  ] 
Item 

General,  induilinc  adminifltration .  - 

Laboratoty 


engiDeer  forEDiHD  Bt  t4  p«r8-hr.  day,  312  days t\,2 

Brgineers  at  M 3.7 

laborem  at  (2.60 8,1 


lludse  Drawinc  sad  Disposal 


ilaboisiBat  (3.S0.  SlSdayBSBob... 
t  tesnp  at  W,  312  days 


The  ertlm&ted  amiual  cost  ot  operBtloa  of  the  activated  Bludge  plant  la 
hown  In  Table  XIX.  Neaily  bait  ol  the  annual  operating  coat  Is  for  electric 
lowei,  required  toi  cocnpressiiig  the  air.  It  was  estimated  that  in  addition 
D  the  air  required  (or  sewage  aeration  one-fifth  ii9  much  would  be  required  for 
tudee  le-aeretion  and  for  operating  the  air-iitl  pumps.  The  total  annual 
□Bt  ot  operation  amounts  to  140, UO,  wtuch  is  equivalent  to  120  per  million 
allons  treated,  or  73  ct.  per  capita,  based  on  55.000  pereoos. 

The  Item  for  power  is  estimated  on  the  assumption  that  It  can  be  obt^ned  at 
ct.  per  kw.  h.  For  many  places  this  is  a  low  price,  while  for  otheiH  it  is  high. 
urely  It  Is  low  enough  for  use  in  computing  the  cost  of  power  in  most  places 
pan  a  project  which  Is  to  be  operated  for  a  generation  ia  the  future. 

CoiBfKriiDn  af  Cortj. — For  the  flnat  comparison  of  costs  the  Interest  and 
epredatlon  have  been  computed  tor  both  plants,  and  the  total  annual  cost. 
lade  up  ot  operating  expenses  and  interest  and  depreciation,  has  been  capitat- 
ed at  4  per  cent  and  added  to  the  construction  cost  [Table  XX).    The  result 

decidedly  In  favor  ot  the  Imhoff  tank-trlckllng  filter  plant,  in  spite  of  the 
«t  that  the  estimates  of  operation  ot  the  activated  sludge  plant  have  been 
apt  low,  probably  lower  than  is  justified,  that  there  might  be  no  danger  of 
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Inflating  this  cost  to  the  disadvantage  of  the  new  process.  To  eliminate  this 
difference  it  will  be  necessary  to  decrease  the  operating  expenses  of  the 
activated  sludge  treatment  by  about  $11,000,  or  to  decrease  them  a  portion  of 
this  amount  and  in  addition  thereto  to  decrease  the  construction  cost 
materially. 

Table    XX. — Comparison    of    Costs  of  Imhoff  Tank-Tbicklinq  Fxltbr 

Plant  and  Activatbd  Slxtdob  Plant 

Trickling  Activated 

filter  sludge 

Item                                                                                          plant  plant 

Operating  expenses %       17 ,080  f     40, 140 

Interest  and  depreciation* 26,760  19,780 

Total  annual  cost  of  treatment f      43,480  %      59.920 

Total  annual  cost  of  operation  per  m.  ^ 21 .  84  29 .  85 

Total  annual  cost  of  operation  per  capita 0 .  80  1 .  09 

Expenses  capitalized  at  4  % fl  .096,000  fl  ,498,000 

Construction  cost ; 431 ,710  313,880 

Total $1,527,710     $1,811,880 

Difference 284 ,  170 

•Interest  at  4  % — Depreciation — Sinking  fund  at  2K   %• 

A  reduction  in  the  price  of  power  from  1  ct.  to  0.6  ct.  per  kw.  h.,  the  price 
at  which  it  is  estimated  power  can  be  pim^hased  at  Milwaukee,  would  effect  an 
annual  saving  of  $6,8 16.  For  a  plant  only  large  enough  for  55,000  persons  it  is 
doubtful  if  power  below  1  ct.  per  kw.  h.  can  be  procured  in  many  places. 

It  is  not  imlikely  that  improvements  in  the  methods  of  diffusion  and  of  hold- 
ing the  air  for  a  longer  time  in  contact  with  the  sewage  may  result  in  a  decrease 
in  the  quantity  of  air  required.     This  would  result  in  a  decrease  in  cost. 

At  the  present  time  much  attention  is  being  given  to  methods  of  converting 
the  sludge  into  marketable  fertilizer.  There  is  reasonable  agreement  among 
investigators  that  activated  sludge  contains  a  greater  proportion  of  fertilizing 
ingredients  than  the  sludges  obtained  from  most  other  processes  of  sewage 
treatment.  If  the  sludge  can  be  converted  into  commercially  dry  powder  con- 
taining only  10  per  cent  moisture,  there  is  good  evidence  of  a  market  for  it  at 
a  moderate  price. 

If  the  cost  of  preparation  and  sale  of  sludge  should  be  no  more  than  the 
return  from  such  sales,  the  reduction  in  the  foregoing  estimates  of  operation 
and  construction  would  be  $5,030  and  $66,000,  respectively.  If  this  process 
should  be  even  more  successful  and  a  net  profit  of  $2  per  ton  or  say  $1  per 
million  gallons  should  be  derived,  the  saving  thus  effected  would  amount  to — 

Profit  on  sludge $2.007. 50 

Cost  of  sludge  disposal  as  per  previous  estimate 5 .  030. 00 

Interest  and  depreciation  on  sludge  beds 2 , 270. 00 

Total $9,307.50 

In  addition  to  this  annual  saving  there  would  be  also  the  saving  in  invest- 
ment cost  of  $36,000. 

Even  this  profit  and  saving  would  not  be  enough  to  reduce  the  cost  of  the 
activated  sludge  process  to  that  of  the  Imhoff  tank-trickling  filter  process, 
but  the  net  profit  of  $1  per  million  gallons  may  be  substantially  exceeded. 
In  any  event,  this  subject  should  receive,  as  indeed  it  is  receiving,  most  careful 
investigation. 


resuttinK  B&vlnK  In  cost  of  sewerage  works  such  as  pumping  stations  and  long 
outfall  or  intercepting  sewers,  may  be  sufflcient  to  moke  the  adoption  of  the 
activated  sludge  process  Imperative,  The  amount  of  head  lost  In  several 
trickling  Alter  plants  is  shown  in  Table  XXII, 
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■Table  XXII. — Head  Lost  in  Trickling  Filteb  Plants 

Head  lost. 
Location  of  plant  ft. 

Columbus,  O. 25. 34 

Fitchburg,  Mass 25. 40* 

Gloversvaie,  N.  Y 21 .  40 

Schenectady,  N.  Y.  (original  design) 13 .  70 

Schenectady,  N.  Y.  (actual  construction) 14 .  65 

Washington,  Pa 16. 50 

Philadelphia,  Pa 25.25 

Atlanta,  Ga.,  Peachtree  Creek  Works 20. 00 

'Actual  is  42.1  due  to  topography. 


From  this  table  it  will  be  seen  that  the  head  required  for  a  trickling  filter 
plant  varies  from  14  ft.  to  a  little  over  25  ft.  The  Milwaukee  1.62  m.  g. 
plant  requires  0.3  ft.  between  the  inlet  to  the  sewage  aeration  tanks  and  the 
outlet  of  the  sedimentation  tank.  In  addition  to  this  some  loss  should  be  added 
for  the  grit  chamber  and  screens,  but  in  any  event,  a  total  loss  of  1  to  2  ft. 
would  appear  to  be  ample. 

There  is  some  sentiment  hostile  to  an  Imhoff  tank-trickling  filter  plant 
because  of  the  fear  of  the  dissemination  of  objectionable  odors.    That  objec- 
tionable odors  are  noticeable  in  the  immediate  vicinity  of  such  plants  cannot 
.be  denied.     On  the  other  hand,  there  is  good  evidence  that  they  are  not 
noticeable  except  very  close  to  the  treatment  plants. 

The  activated  sludge  plant  appears  to  have  some  advantage  in  this  direc- 
tion. Odors  may  be  noticeable  in  the  immediate  vicinity  of  the  aeration  tanks, 
and  it  is  possible  that  objectionable  odors  may  be  given  off  from  some  portions 
of  the  sludge  drying  and  handling  process,  whatever  it  may  ultimately  be. 
It  is  probable,  however,  that  the  danger  from  this  source  will  be  less  than  from 
the  Imhoff  tank-trickling  filter  plant. 

The  moth  flies,  so  prevalent  at  certain  seasons  of  the  year,  are  quite  objec- 
tionable close  to  the  filters,  although  they  are  rarely  found  more  than  a  few 
hundred  feet  away  from  them.  While  this  cause  of  annoyance  may  be  kept 
under  reasonable  control,  it  is  doubtful  if  it  can  be  wholly  eliminated.  The 
activated  sludge  plant  does  not  seem  to  be  a  suitable  breeding  ground  for  these 
pests  and  therefore  has  an  advantage  over  the  filter. 

There  is  no  doubt  that  the  activated  sludge  process  is  capable  of  producing 
a  more  highly  oxidized  effluent  than  the  trickling  filter,  as  ordinarily  built 
and  operated,  that  it  will  eliminate  a  much  greater  proportion  of  bacteria, 
and  that  in  appearance  its  effluent  will  be  decidedly  superior  to  that  of  the  filter. 
This  is  a  marked  advantage  under  certain  circumstances,  but  these  facts  alone 
should  not  be  allowed  to  control  in  the  adoption  of  a  more  expensive  process 
when  the  accomplishments  of  the  trickling  filter  answer  all  purposes. 

A  disadvantage  of  the  activated  sludge  process  in  the  minds  of  many  who 
have  studied  it  is  its  apparent  complexity  and  need  for  careful  and  skillful 
supervision.  While  it  has  been  contended  by  some  that  this  process  is  exceed- 
ingly simple  and  one  which  can  be  operated  by  a  workman  of  ordinary  intelli- 
gence, the  consensus  of  opinion  i^pears  to  be  to  the  contrary.  The  author's 
experience  In  operating  several  small  experimental  plants,  leads  him  to  feel 
that  of  all  processes  of  sewage  treatment  in  practical  use  in  this  country  today 
this  is  by  far  the  most  diffl^ult  to  operate  and  that  It  will  require  the  skill 
of  a  well-trained  engineer  or  chemist  to  insure  continued  satisfactory  results 
with  it. 
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At  Oxt  piwcot  tlnw  It  appeara  tbal  the  imhoff  tank-trjckling  Biter  prooeeg  1* 
a  teas  ezpenaiTe  meuis  of  oxidizing  the  organic  matter  ol  Bewage  sad  industrial 
wastes  than  the  activated  sludge  proceas.  where  oxidation  alone  is  considered. 
If  the  amas  of  land  required  lor  Isolation,  the  loss  of  head  in  the  plant,  the 
danger  of  objectionable  odors  and  of  the  fly  annoyance,  and  otlier  dledvantagea 
of  the  trickling  filter  pioceas  bib  ot  marked  Importance  hi  any  spedflc  Case  the 
baluioe  may  be  decidedly  In  tavor  ol  the  activated  sludge  piooen,  even  In  Ita 
pieaent  state  of  development. 

Cost  o(  SludfB  RamOTiil  at  Colnmbas,  O.  (Engineering  and  Contracting, 
July  10. 1018). — During  IS17,3,l&4ou.  yd,  (rf  sludge  was  removed  from  Bew»ge 
treatment  worksot  Columbus,  Cat  an  average  coat  of  ZBHct.  per  cubic  yard, 
distributed  as  follow*: 


.  tO.Z78 
.015 


.  K.2e5 


The  mean  cost  of  labor  was  33.1  ct.  per  hour,  and  the  labor  hours  per  cubic 
yard  were  0.B3,    The  average  length  of  haul  was  760  ft. 

Cost  of  PiaiilDg  Sswige  Slodte.— \  compielieiislve  dlscusskm  of  the  prac- 
tice of  dewateriog  sewage  sludge  by  filler  presdng  was  presented  by  Kenneth 
Allen,  Engineer  of  Bewsge  Disposal  for  the  Board  of  Estimate  and  Apportion- 
ment of  New  York  City.  In  Vol.  1  of  the  Transactions  of  the  American  Society 
of  Municipal  Improvements.  That  portion  of  the  paper  relating  to  sludge 
preadng.  aa  reprinted  In  Eugtoeering  and  CoDtractlog,  Feb.  13,1618,  follows: 

Plate  Type  d/  Slvdge  Pram!, — There  are  several  forms  of  filler  preseea. 
That  most  commonly  used  consists  of  a  series  of  parallel  plates  from  30  to  54 
In.  square  and  with  depressed  suriaoes,  so  that  when  the  rims  are  hi  contact 
they  enclose  a  series  of  cells  from  ^j  In.  to  Z  In.  thick.  The  plat«  are  usually 
of  cast  Iron  from  2  In.  to  3  In.  thick  at  the  rim  and  where  In  contact  are 
machined  so  as  to  form  a  true  and  tight  Joint.  The  depressed  surfaces  are 
either  grooved  vertically,  !□  concentric  circlee  and  radially,  or  else  in  two  direc- 
tions at  right  angles  to  each  other  forming  numerous  little  pyramids,  in  order 
to  facilitate  dramage.  Each  plate  hss  a  8-in.  hole  in  the  center  through  which 
the  sludge  Sows  by  gravity  from  a  tank  or  Is  pumped  Into  a  series  of  cells.  The 
pipe  to  the  press  Is  usually  S  tu.  In  size. 

Between  each  pair  of  plates  there  are  placed  two  pieces  of  cloth  with  holes  4 
In.  to  8  m.  In  diameter  In  the  center,  opposite  the  holes  in  the  plates.  The  two 
cloths  on  the  opposite  sides  of  each  plate  are  then  sewed  or  clamped  together 
at  the  hole  to  prevent  the  sludge  from  entering  and  escaping  between. 

A  modlQcatlon  of  this  Is  tile  "frame  plate"  used  in  German;,  In  which  a 
series  of  pistes  of  uniform  thickness,  i.t.,  with  plain  faces  except  In  the  drain- 
age grooves,  alternate  wlthtramts.  The  grooves  In  the  plates  lead  to  drainage 
ducts  below  and  a  sieve  is  placed  over  each  face.  The  cloth  is  then  folded  over 
each  i^te  and  clamped  by  the  adjacent  frame.  The  sludge  enters  by  a  con- 
tinuous duct  near  the  upper  edge  of  the  plates  and  f  runes. 

The  plates,  usually  GO  to  100  In  number,  are  held  tc«ether  tight  by  tie  rods 
passing  through  their  upper  comers  or  lugs  projecting  therefrom.  A  head 
casting  at  one  end  and  a  (Slower  at  the  other  hold  the  plates  between,  while 
tile  sludge  is  subjected  to  a  pressure  of  from  SO  to  120  lb.  per  square  inch. 
This  pressure  may  be  derived  directly  from  the  air  receiver  or  it  may  be  applied 
after  the  press  Is  filled  by  means  of  a  screw  operated  by  hand  or  motor. 
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As  the  pressure  continues,  the  drainage  liquor,  which  is  putrescible  and  (ten- 
sive, flows  through  a  H-in*  hole  in  the  bottom  of  the  plates  to  a  drain  pipe 
by  which  it  is  carried  back  to  the  sedimentation  tank  to  be  again  treated  with 
the  sewage.  Pressure  is  maintained  until  the  drainage  is  insignificant,  which 
may  be  anywhere  from  15  minutes  to  IH  hours,  although  at  Oberschoene- 
weide,  in  order  to  secure  a  firm  cake  from  lignite  sludge,  and  elsewhere  with 
greasy  sludge,  it  has  been  necessary  to  maintain  the  pressure  for  12  hours  or 
more. 

One  of  the  most  important  sludge  pressing  plants  is  that  at  Leeds,  where 
about  000  tons  of  cake  (containing  317  tons  dry  soUds)  are  produced  in  a  week 
of  53  working  hours. 

The  sewage  amounts  to  21,000,000  U.  S.  gallons  per  day,  of  which  4,600,000 
are  industrial  waste.  After  passing  a  screen  and  a  grit  chamber,  it  is  dosed 
with  10  to  100  p.p.m.  of  lime  and  the  sludge  is  pumped  by  Tangye  pumps  to 
three  sludge  tanks  of  360  tons  capacity,  milk  of  lime  being  introduced  in  the 
pump  section,  3H  tons  per  tank.  The  limed  sludge,  90  per  cent  moisture,  is 
then  settled  for  12  to  18  hours  and  the  sui)ematant  water  drawn  off.  This 
usually  amounts  to  from  8  to  12  per  cent  of  the  volume.  Two  pairs  of  rams 
6  ft.  in  diameter  by  12  ft.  deep  force  the  concentrated  material  under  a  pressure 
of  100  lb.  per  square  inch  to  the  presses,  each  feeding  four  of  the  eight  installed, 
but  this  is  increased  to  a  final  squeeze  of  about  1,700  lb.  per  square  inch  by 
hydraulic  thrust  blocks. 

Each  press  has  64  cells  52  In.  by  52  in.  by  IK  in-  in  size,  and  therefore  pro- 
duces about  5  tons  per  run.  The  cake  drops  to  bogies  below  holding  50  cu.  ft. 
each  and  drawn  by  a  locomotive.  Eight  laborers  attend  to  the  presses  and 
four  to  the  bogies. 

At  Glasgow  the  Damamock  plant  consists  of  18  presses  of  41  cells  each. 
The  air  pressure  is  100  lb.  150  tons  of  cake,  66  i)er  cent  moisture,  have  been 
produced  in  five  runs  i)er  day,  equivalent  to  2^  tons  or  3H  cu.  yd.  per  1,000,- 
000  gal.  of  sewage.  The  moisture  is  reduced  from  90  to  66  per  cent  by  the 
process. 

The  plant  at  Worcester,  Mass.,  consists  of  4  Bushnell  presses  of  125  39-in. 
circular  plates  each.  Sludge  is  pumi)ed  into  the  presses  by  two  triplex  pumps 
having  6-in.  bronze  ball  valves.  Between  the  pumps  and  the  presses  there  is  a 
1,130-gal.  equalizing  tank  supplied  with  compressed  air  as  a  cushion  at  the  top 
and  irom  the  bottom  of  which  a  10-in.  main  with  6-in.  branches  feeds  the 
presses.  The  follower  or  rear  end  plate  of  the  press  carries  a  10-in.  hydraulic 
ram  with  a  48-in.  travel  which  brings  the  plates  into  close  contact  so  as  to 
prevent  leakage,  and  the  sludge  is  then  pumped  in  under  a  pressure  of  80  lb. 
per  square  inch.  The  cake  produced  is  36  in.  in  diameter  and  ^  in.  thick. 
On  falling  from  the  cloths  it  is  carried  by  a  conveyor  to  a  car  holding  3  cu.  yd., 
run  to  a  trestle  and  dumped.  Four  sludge  cars  and  two  motor  cars  are  pro- 
vided.    Each  press  will  produce,  with  8  fillings,  16  cu.  yd.  of  cake  per  day. 

In  1916  a  daily  average  of  37,600  gal.  of  sludge,  93.74  per  cent  moisture, 
produced  36.1  tons  of  cake,  72.8  per  cent  moisture,  containing  1.23  tons  of 
solids  per  1,000,000  gal.  of  sewage.  The  cost  of  pressing  was  $7.05  per  1,000,- 
000  gal.  of  sewage,  or  $5.71  per  ton  of  solids. 

At  Providence  there  are  18  presses  of  from  43  to  54  plates  each.  These 
are  filled  with  sludge  imder  a  pressure  of  60  lb.  per  square  inch.  The  cake. 
36  in.  square  and  IJ^  in.  thick,  amounts  to  64  tons  per  day. 

At  Spandau  the  sludge  from  a  population  of  80,000  is  forced  from  cylindrical 
steel  receivers  under  a  pressure  of  33  lb.  per  square  inch  to  the  8  presses.    The 
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After  flUlng.  the  presses  are  subjected  to  eui  Increased  pressure  bj'  a  hi 
aump  uld  the  sludge  la  left  under  a  pressure  □(  frimi  60  to  TS  lb.  per  squ 
nch  for  20  hours.  The  cake  iB  thee  l^  1°-  to  IH  in-  thick  and  cantaios 
yei  cent  moisture.  On  opening  up  each  press  the  sludge  drops  Into  4  tip  i 
'or  removal.  It  Is  then  either  sold  at4.S  ct.  per  cubic  yaid  (lQ13)orBli-di 
tnd  used  tor  fuel.     It  has  no  appreciable  odor. 

At  York,  England,  where  the  grease  makes  the  sludge  particularly  diffii 
'O  press,  milk  of  lime  la  Hushed  loto  the  press  In  advance  of  the  sludge,  wb 
laa  already  received  Its  dose. 

Another  plan  when  dealing  with  Eiuch  sludge  Is  to  heat  the  presses  by  Inji 
ng  steam  and,  as  at  Bradford,  heating  also  the  sludge  Itself  in  advance,  "] 
;rease  then  passes  otT  in  large  part  with  the  drainage  liquor. 

It  is  stated  that  the  cake  here  contains  but  27  or  28  per  cent  moisture.  1 
K>wer  required  for  pressing  Is  given  by  Kershaw  as  from  T  to  13^  b.h.p. 
OD  (8  to  IS  b.h.p.  per  long  ton)  of  cake  pressed  per  bour.  depending  on 
jze  c^  the  plant  and  the  moisture  and  other  characteristics  of  the  sludge. 

The  cloths  are  a  little  more  than  twice  the  size  of  Che  plates  over  wh 
hey  are  folded.  They  are  made  of  Jute,  duck  or  other  fabric;  at  Worces 
if  11  OJ.  duck  *0  in.  wide.  Their  life  varies  greatly,  depending  on  the  JIud 
he  pressure  to  which  they  are  subjected,  whether  they  are  cleaned  periodical 
■Xc.  but  is  usually  rather  brief  from  rotting.  Eisner  states  that  the  life 
probably  Jutel  cloths  may  be  as  much  as  4  weeks  It  first  treated  with  a 
^umpoBlIlon.  At  Spandau  they  were  said  to  last  from  1  to  2  months ;  at  W 
sster,  according  to  Metcalt  and  Eddy,  6  to  9  weeks  Is  regarded  as  reasona 
vhen  operating  at  the  rate  of  12  deanlngs  per  day  <tf  10  hours.  Btal 
mother  way,  2.44  sq,  yd.  of  duck  are  required  per  ton  of  dry  solids. 

A  septic  sludge  or  one  containing  particles  of  lime — especially  if  left  i 
ilaked — or  particles  of  rust  from  the  plates  shortens  the  life  of  the  clot 
Probably  tor  the  last  reason  wood  has  been  used  for  plates  lo  Getman;  InsCc 

At  Leeds  It  was  decided,  after  trying  different  cloths,  to  adopt  54-in.  3-] 
wist  twilled  Jute  sacking,  30  oz.  per  yard.  Eiperiroents  were  then  made 
ncrease  the  durability  of  the  cloths,  Brst  by  shrinking  and  then  by  treati 
vitb  different  oils.  The  best  results  were  secured  by  oiling  an  8-ln.  st 
irouod  the  edge  of  each  cloth,  around  the  center  hole  and  where  the  bos 
)n  the  plates  meet  with  "  Goldeu-Bloomlesa "  mineral  oil  costing  23.7  Ct,  | 
;allon  or  "  Black  OH."  a  crude  petroleum  costhig  10  ct.  per  U.  S.  g^on.  T 
-ttect  of  oiling  seems  to  be  te  render  the  material  more  elastic  and  so  prevent 
upture  under  strain.  One  gallon  sufSced  for  G  doths,  iitcreasing  tb 
Lverage  life  from  156  to  200  presslOgB.  The  saving  effected  U  shown  by  I 
ollowing  statement: 

Cost  of  pre 

\"2*!(Solb.' 

Prloe  pM  yd.  of  cake 

fear  esdlng  March  31,  1013 21.3  ct.  39.8  ct. 
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car,  by  which  it  is  lemoved  for  disposal.  This  operation  takes  from  U)  to  30 
minutes  or  more.  The  entire  operation  of  filling,  pressing  and  emptying 
ordinarily  takes  from  45  minutes  to  2  hours. 

Sludge  Cake. — In  practice  precipitated  sludge  is  reduced  to  cake  having 
about  20  per  cent  its  original  weight  and  containing  from  50  to  70  per  cent 
moisture.  The  moisture  is  not  uniform  in  the  cake,  being  greatest  near  the 
point  where  admitted  to  the  press.  The  weight  of  this  cake  is  about  8H  tons 
per  1,000,000  gal.  of  sewage  (Rideal).  The  cakes  run  from  an  inch  or  less 
in  thickness  to  IK  or  2  in.  if  greasy  and  well  dosed  with  lime.  On  breaking 
it  up  the  weight  per  cubic  yard  is  reduced  to  about  1,350  lb.  when  the  voids 
are  found  to  be  about  40  per  cent.  By  air-drying  under  cover  this  weight 
may  be  further  reduced  by  about  50  per  cent. 

Analyses  of  sludge  cake  as  product  at  Chorley  and  Dorking,  England,  are 

given  in  the  Fifth  Report  of  the  Royal  Commission  on  Sewage  Disposal. 

The  sewage  in  each  case  is  domestic.    At  Chorley,  with  combined  sewage,  9 

grains  per  Imp.  gal.  of  alumino  ferric  ia  used  for  precipitation,  and  at  Dorking, 

which  is  partially  sewered  on  the  separate  system,  5  grains  per  Imp.  gal.  of 

lime.    The  cake  as  delivered  contains  about  50  per  cent  moisture,  but  the 

samples  analyzed  were  dried  at  110°  C. 

Chorley  Dorking 

Grit.. 25.30  6.84 

Oxides  of  iron  and  aluminum 9. 37  3. 46 

Lime 10.32  23.16 

Phosphoric  acid 0. 98  0. 66 

Nitrogen  (total) 1.28  0.89 

At  Leeds  in  the  year  1913-14  the  average  composition  at  the  cake  was  as 

follows: 

Per  cent. 

Water 60. 1 

Volatile  matter • 16.7 

Nitrogen,  5.9  per  cent 

Total  grease,  6.3  per  cent. 

Mineral  residue 23. 2 

Calcium  phos.,  .94  per  cent.  

100.0 

The  solids  from  the  sewage  normally  comprised  35.3  per  cent  of  the  cake. 

The  average  of  4  analyses  of  commercially  dried  (10  per  cent  moisture) 

activated  sludge,  with  especial  reference  to  their  fertilizing  value,  are  given  by 

William  R.  Copeland  as  follows: 

Per  cent. 

Nitrogen  as  ammonia 4. 68 

Available  phosphoric  acid 0. 67 

Coat  of  PresBxng  Sludge. — The  cost  <rf  pressing  is  given  by  the  Royal  Com- 
mission on  Sewage  Disposal  for  two  typical  groups  of  towns: 

Group  I — For  towns  of  30,000  persons  or  more  employing  chemical  precipi- 
tation followed  by  sedimentation  or  sedimentation  alone  and  where  no  special 
addition  of  lime  is  required  on  account  of  industrial  waste.  Sludges  under 
such  conditions  will  require  lime  equivalent  to  from  2  to  4  per  cent  of  the 
weight  of  the  pressed  cake. 

Group  II — For  towns  of  less  than  30,000  persons  and  for  those  where, 
because  the  sludge  is  greasy  or  derived  from  septic  tanks,  it  is  necessary  to  add 
lime  equivalent  to  from  5  to  20  per  cent  of  the  weight  of  the  pressed  cake 
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The  moisture  in  each  cake  is  assumed  to  be  90  per  cent  in  the  wet  sludge  and 
>5  per  cent  in  the  pressed  cake. 

Cost  of  Pbebsing  Sludoe 

In  ct.  per  ton  of  2,000  lb. 
^et  Sludge —  Group  I  Group  II 

Operation 9.6-12.0  14.5-24.4 

Operation  and  fixed  charges 13. 2-15. 6  18. 1-28. 0 

Pressed  Cake — 

Operation 43. 5-54. 4  65.  2-109 

Operation  and  fixed  charges 69. 7-70.  6  81. 4-125 

Moore  and  Silcock  give  the  cost  of  pressing  in  Englai^d  at  from  32.6  ct.  to 
>4.4  ct.  per  ton  of  cake;  Eisner  at  $4.50  per  1,000,000  gal.  of  sewage.  Accord- 
ng  to  Schiele  the  cost  of  producing  1  ton  of  cake  from  5.8  cu.  yd.  of  wet  sludge, 
ncluding  fixed  charges,  varies  from  41^  ct.  to  $1.28,  and  averages  85  cts. 

In  a  list  of  18  British  cities  Metcalf  and  Eddy  find  the  cost  of  pressing  to 
rary  from  6  to  43  ct.  per  ton  of  wet  sludge  or  from  27  to  93  ct.  per  ton  of  cake. 

At  the  Dalmamock  Works  at  Glasgow  171,476  tons  of  crude  sludge  were 
)ressed  to  291,045  tons  of  cake  in  the  year  ending  May  31,  1916,  at  a  cost  of 
(2.16  per  1,000,000  gal.  of  sewage,  or  67  ct.  per  ton  of  cake. 

At  the  Knostrop  works  at  Leeds  in  the  year  ending  March  31,  1915,  42,321 
;ons  of  cake,  60  per  cent  moisture,  were  produced  at  a  cost  of  $15,480,  exclu- 
live  of  interest  and  amortization,  and  $6,681  for  disposal  or,  for  pressing,  per 
^n  of  cake,  36.7  ct.;  per  ton  dry  solids,  $1.03. 

For  German  conditions,  Reichle  and  Thiesing  mention  from  63 H  to  85  ct. 
LS  fair  limits  (before  the  war). 

Estimates  based  on  foreign  practice  cannot  of  course  be  applied  directly 

;o  American  conditions.    The  following  is  the  distribution  of  cost  based  upon 

igures  estimated  for  Wimbeldon  by  Santo  Crimp: 

Per  cent 

^ages 36.0 

liime 40. 0^ 

:)oal 9.6 

Cloths 12. 8 

>il,  etc 1.6 

Total 100. 0 

American  cost  data  are  practically  limited  to  experience  at  Worcester  and 
Providence,  data  for  which  are  as  follows: 

Worcester  Providence* 

Range  1899  co  1912  1903  1910  1916 

'er  mil.  gal.  sewage $3.  85  to  $6. 76  $2. 44  $4. 06  $2.  78 

'er  ton  of  dry  soUds 3.  39  to    4.64  2  27  2.54         3.38 

>ertonofcake 0.91tol.37  0.67           0.72^^      0.94^ 

*  Costs  include  disposal. 

The  above  figures  are  in  general  based  upon  precipitated  sludge.  Owing 
o  the  greater  amount  of  lime  required  it  will  cost  i>erhaps  a  third  more  to 
»ress  fresh  or  septic  settled  sludge. 

Disposal  of  Cake. — The  cake  may  sometimes  be  disposed  of  for  a  nominal 
um,  say,  10  to  25  ct.  per  ton,  to  farmers,  but  if  there  is  no  demand  for  it,  it 
aay  be  used  for  filling  at  about  an  equal  cost.  When  deposited  in  depths  up 
o  12  ft.  in  water-soaked  land  near  Leeds  it  was  observed  to  shrink  about  33 
•er  cent  in  two  years  and  to  generate  more  or  less  heat. 

While  there  is  more  or  less  odor  in  the  press  house  this  does  not  carry  far, 
nd  if  kept  under  cover  it  is  quite  inoffensive.    Fresh  cake  kept  moist  by  rain, 
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eapecfadlj  if  the  weather  is  warm,  win  give  off  a  certain  amount  of  odor,  but. 
if  first  air-diied  to  20  or  30  per  cent  m<Msture,  objectioDable  od<KS  are  usually 
prevented. 

An  advantage  in  lignite  sludge,  besides  being  inodorous,  is  that  it  can  be 
utilized  by  burning  under  the  boiler,  and  experiments  by  W.  L.  Stevenson  at 
Philadlephia  diow  that  by  the  addituHi  d  a  small  amount  of  combustiMe 
material  to  ordinary  air-dried  sludge  from  plain  sedimoitatMHi  there  will 
be  obtained  a  material  having  a  moderate  value  as  fu^ 

The  foregtnng  remarlcs  have  been  confined  to  the  plate  type  ot  press,  often 
qwken  ot  as  the  "Johnson"  filter  press,  this  having  been  almost  universally 
used  for  the  pressing  of  sewage  sludge  heretofore.  There  are,  however, 
several  other  more  recent  types  which  deserve  menticm. 

The  KeUey  Filter  Press. — The  Kelley  Fflter  Press  consists  of  a  steel  frame 
supporting  a  cylindrical  "press  shell"  at  one  end  and  a  carriage  for  inserting 
into  and  withdrawing  from  the  other  end  a  series  of  longitudinal  filter  leaves. 
Each  leaf  con^sts  of  a  horizontal  pipe  above  connected  to  a  similar  pipe  below 
by  a  mesh  of  double  crimped  No.  0. 105  gage  wire.  This  wire  mesh  enters  a  slot 
in  each  pipe  for  the  removal  of  the  filtrate,  to  which  it  is  strong^ 
riveted  or  w^ded.  A  bag  of  extra  heavy  twill  or  duck  is  drawn  over  each  leaf 
and  the  end  sewed  up  by  hand,  forming  the  filtering  medium.  The  leaves  are 
uniformly  spaced,  but  of  different  heights,  depending  on  their  positi<m  with 
refer^ice  to  the  press  shelL 

At  each  end  of  the  filter  carriage  are  plates  for  supporting  the  leaves,  one  of 
these  providing  the  head  of  the  press  shell  when  the  leaves  are  inserted.  By 
means  of  a  groove  in  the  head  plate  corresponding  to  an  annular  projection 
on  the  end  of  the  shell,  which  are  forced  together  on  a  gasket  and  held  by 
special  locking  mechanism,  all  leakage  during  operation  is  prevented. 

In  operation  the  carriage  and  leaves  are  inserted  in  the  shell  and  the  head  is 
locked.  The  shell  is  then  filled  with  sludge  by  a  pipe,  while  the  air  is  released 
by  an  overflow  valve  at  the  top.  This,  it  is  claimed,  tt^es  but  about  four 
minutes.  When  filled  the  overflow  valve  is  closed  and  about  40  lb.  pressure 
applied  to  the  sludge  pipe.  The  cake  forms  on  the  surface  of  the  bags  as  the 
filtrate  passes  through  and  is  carried  off  by  the  frame  pipes  and  drains. 

After  the  cake  is  built  up  the  sludge  supply  is  shut  off  and  compressed  air 
admitted  from  above,  displacing  the  remaining  wet  sludge  and  aiding  in 
drying  the  cake.  This  is  then  removed  from  the  bags  by  shaking,  by  loosening 
with  a  wooden  spade,  or  by  compressed  air  introduced  through  the  drainage 
pipes. 

The  following  data  are  taken  from  a  circular  of  the  manufacturer: 

Siae  of  shell 30"  X  72"      40"  X  108"        48"  X  120" 

Capacity  of  shell — 

Cu.  ft 32  75  120 

Gal 240  660  900 

Number  of  leaves 4-9  6-8  6-10 

Filter  area,  sq.  ft 60-130  180-250  260-450 

•  Weight  of  cake  IH  in.  thick 667  1,333  3,333 

*  Average  weight  of  cake  in  tons  per 

24  hours S\^6H  13).^26H         33^-66^ 

•  Assuming  weight  of  cake  66f6  lb.  per  cu.  ft. 

The  economies  claimed  for  this  press  are  due  to  the  smi^  amount  of  labor 
required,  lack  at  wear  on  filter  cloths  and  the  avoidance  of  breakage  of  plates. 

The  Sweetland  Filter  Press, — ^This  consists  of  a  number  of  parallel  circular 
leaves  consisting  of  a  heavy  wire  screen  hung  frc»n  a  casting  above.    Each 
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taf  has  an  outlet  nipple  at  the  top  connecting  with  a  drainage  duct  in  the 
bove  casting,  is  bound  by  a  stilT  U-shaped  frame  on  the  edge  and  covered  with 
litable  canvas.  The  entire  series  of  leaves  is  enclosed  in  two  semi-cylindrical 
»tings,  tlie  lower  of  which  can  be  swung  to  one  side  on  a  hinge. 
The  sludge  is  forced  in  through  a  channel  in  the  bottom  of  the  lower  casting 
id  flows  up  between  the  leaves  and  as  the  filtrate  passes  through  the  canvas 
id  out  through  the  drainage  duct  the  solids  form  a  cake  on  each  side  of 
'ery  leaf.  When  the  process  of  filtering  becomes  slow,  compressed  air  is 
troduced,  blowing  the  wet  sludge  in  the  bottom  of  the  cylinder  back  into 
6  storage  tank  and  drying  the  cakes.  The  lower  casting  is  then  swung  to 
te  side  and  the  dewatered  sludge  drops  out,  aided  by  reversing  the  ur  pies- 
re  through  the  leaves.  This  back  pressure  serves  as  wdl  to  keep  the  filter 
rfaces  clean.  The  oi)eration  of  dumping  is  claimed  by  the  manufacturer 
occupy  but  from  8  to  20  minutes. 

In  a  press  of  this  kind  used  by  R.  W.  Pratt  at  the  Cleveland  Sewage  Testing 
ation  the  leaves  were  2  ft.  in  diameter.  The  average  moisture  in  the  wet 
idge  was  about  86  per  cent  and  that  of  the  cake  between  62  and  76  ^r  cent, 
r.  Pratt  mentions  the  importance  of  keeping  the  cakes  from  adhering  to 
3h  other  by  providing  sufficient  clearance.  Where  the  leaves  were  even  as 
ich  as  3  in.  between  centers  no  cake  was  obtained  with  less  than  70  per 
it  moisture,  and  it  was  concluded  that  there  should  be  a  clearance  of  not 
s  than  3  in.  nor  more  than  4H  in.  Pressures  of  from  30  to  35  lb.  were 
Bcient-^xcept  for  short  periods  at  the  end  of  the  run  when  as  much  as  60  lb. 
re  sometimes  used.  As  to  the  time  required  the  best  results  were  with  a  half 
IT  for  forming  the  cake,  H  hour  for  drying  or  1 H  hours  for  the  entire  run. 
These  tests  were  mostly  with  ImhofT  slud|re,  but  as  there  is  no  exposure  of 
!  sludge  to  the  air,  Mr.  Pratt  is  of  the  opinion  that  "  in  large  installations  the 
eetland  press  could  be  operated  without  odors  or  nuisance  "  with  ordinary 
dge. 

Results  op  Pbessinq  Imhoff  Sludoe 

ndensed  from  Table  61,  Report  Sewage  Testing  Station,  Cleveland,  1914 

mber  of  leaves 16  16  14  14 

icing  center  to  center m"  3"  3"               4J4" 

mber  of  runs  averaged 4  7  2                 4 

ne  in  hoiirs: 

dressing 94*  1.15  1.65t  .50 

)rying 121.6  .36  .58t  .75 

'otal 1.51              1.25 

cific  gravity  of  raw  sludge 1. 05  1. 06  1.11  1. 07*t 

cent  moisture: 

Law  sludge 89  86  82               86 

!ake 68  72  75               64 

ssure — lb.  per  sq.  in 53*t  43  43               42 

cake  per  run 242*t  314  139               90 

Average  from  2  runs,     f  Result  from  1  run.      'f  Average  from  3  runs. 

'he  Worthington  Filter  Press. — The  Worthington  or  "Berrigan"  press  has 
1  tried  out  in  particular  at  Milwaukee  in  connection  with  activated  sludge, 
he  sludgre  is  placed  in  each  of  a  number  of  unbleached  muslin  bags  inclosed 
bag  of  special  fine  canvas.  The  bags  are  hung  vertically  between  two 
es,  which,  being  drawn  together  by  means  of  a  toggle  joint,  squeeze  the 
jrfluous  water  from  the  sludge  and  through  the  bags.  As  the  pressure 
inues,  the  motion,  which  is  automatically  controlled,  decreases,  but  the 
sure  may  be  increased  very  g^reatly. 
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The  plates  are  grooved  and  faced  with  wire  to  facilitate  drainage.  In  size 
they  are  manufactured  36  In.  by  48  in.,  72  in.  by  108  in.,  and  96  in.  by  120  in. 

Tlie  Milwauicee  experiments  were  made  with  a  72-in.  by  108-in.  press  with 
10  bags.  The  sludge,  98  per  cent  or  99  per  cent  of  water,  is  first  concentrated 
to  96  or  97  per  cent.  The  best  way  to  accomplish  this,  whether  by  decanting 
the  supernatant  water  after  settling  from  1  to  3  hours  or  scraping  or  sucking 
up  the  deposited  sludge,  remains  to  be  settled.  It  is  a  material  factor  in  the 
economy  of  operation,  as  every  per  .cent  reduction  means  a  large  saving  in  the 
volume  of  sludge  to  be  handled  and  consequently  in  the  cost  of  the  plant. 

The  concentrated  sludge  is  fed  into  the  bags  without  any  addition  of  lime 
and  then  subjected  to  a  pressure  gradually  increasing  to  about  60  lb.  per  square 
inch.  After  draining  the  pressure  is  released,  the  bags  are  lifted  out  and 
emptied  by  gravity.  They  keep  fairly  dean  in  this  way,  but,  if  sludge  adheres 
to  the  surface,  it  is  removed  by  a  jet  of  steam. 

The  Milwaukee  machine  will  produce  from  about  2,000,000  gal.  of  sewage 
a  ton  of  cake  1  in.  thick  per  run,  which,  by  further  drying  to  10  per  cent  mois- 
ture, will  yield  about  1,000  lb.  in  a  condition,  after  grinding,  to  be  used  as 
fertilizer,  for  which  it  is  said  to  be  particularly  well  adapted.  The  tim 
required  is  about  5  hours  per  operation,  so  that  the  above  press  will  produce 
some  5  tons  of  cake  per  24  hours  of  75  per  cent  moisture. 

One  laborer,  according  to  Mr.  T.  C.  Hatton,  Chief  Engineer  of  the  Mil- 
waukee Sewerage  Commission,  can  attend  to  5  presses,  so  that  the  cost  of 
attendance  is  low,  and  as  to  the  power  required,  the  designer,  Mr.  Berrigan, 
claims  that  a  15-h.p.  motor  wiU  suffice  for  5  machines. 

The  following  conclusions  were  based  upon  the  Milwaukee  experiments  with 
activated  sludge:  "Sludge  can  be  dewatered  satisfactorily  from  96  per  cent 
to  75  per  cent  moisture  by  either  a  plate  press  or  pressure  press  without  the 
addition  of  lime  or  other  base. 

"  The  filter  bags  used  in  the  presses  must  be  cleansed  frequently  to  maintain 
efficiency.  This  can  be  done  by  soaking  in  a  bath  of  dilute  caustic  soda 
and  hot  water. 

"  Sludge  after  pressing  can  be  stored  in  a  building  without  creating  offensive 
odors  more  than  50  ft.  away,  and  can  be  easily  handled." 

After  drying  (to  10  per  cent)  this  sludge  contains  from  4.5  to  5  per  cent 
of  ammonia,  for  which  there  is  ample  market  as  a  fertilizer. 

The  cost  of  a  press  such  as  has  been  described  complete  is  stated  to  be 
about  $4,000,  exclusive  of  overhead  charges,  to  which  should  be  added  $800 
for  an  accumulator,  or  $500  for  a  pump  of  capacity  to  serve  20  pressesL 

An  estimate  of  the  cost  of  operation  is  given  by  Mr.  Hatton  in  the  Report  of 
the  Commission  for  1916,  as  foUows,  based  upon  a  plant  capable  of  handling 
the  sludge  from  100,000,000  gal.  daily  of  sewage: 

Per  ton  of 
calce 

Labor  (3  shifts  of  8  hours) $1. 36 

Bags  (cleaning  and  upkeep) .64 

Power .09 

Contingencies .16 

Overhead  charges.  10  per  cent  of  cost 1. 21 

Total $3.46 

or,  shice  1,000,000  gal.  daily  of  sewage  produces  H  ton  of  cake,  the  cost  at 
pressing  is  about  $1.73  per  1,000,000  gal.  of  sewage. 


I,  nrtilcb  flii*es  when  the  water  bas  reached  a  predeiennlned  level  In  the 
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tank.  The  operation  of  the  siphon  is  entirely  automatic.  The  water  may 
be  fed  to  the  tank  in  a  continuous  stream  of  such  volume  that  the  tank  fills 
and  discharges  entirely  automatically  at  predetermined  intervals  of  24  to  48 
hours,  etc.,  or  else  the  water  may  be  fed  only  when  desired  so  that  flushing 
occurs  at  any  frequency  whatever.  In  the  first  case  a  regulator  controls  the 
feed  to  the  desired  rate,  and  in  the  second  case,  this  regulator  is  replaced  by  a 
cut-off  device  designed  to  x>ermit  the  filling  only  when  oi)ened  by  pulling  a 
chain.  The  flush  then  follows  automatically,  and  at  the  same  time  the  feed 
is  automatically  cut  off.  As  the  name  implies  with  automatic  flush  tanks 
no  labor  at  all  is  required.  With  the  use  of  the  cutoff  valve  to  permit  semi- 
automatic flushing,  labor  is  necessary  but  it  is  merely  that  of  pulling  a  chain 
from  the  outside  of  the  tank  by  means  of  a  hook  passed  through  the  manhole 
cover. 

Cost  of  Flushing. — Three  items  go  to  make  up  the  cost  of  sewer  flushing 
(1)  Cost  of  water;  (2)  cost  of  labor;  (3)  fixed  charges  against  the  apparatus. 

Items  1  and  2  are  independent  of  the  frequency  of  flushing,  that  is,  whether 
flushing  is  performed  once  a  day  or  once  a  month,  the  cost  per  flush  for  w^ater 
and  for  labor  are  practically  the  same.  This  is  not  true  of  item  3.  The  fixed 
charges  on  the  apparatus  include  interest  on  the  money  invested  and  sinking 
fund.  The  charge  per  flush,  therefore,  is  governed  by  the  frequency  ^nrith 
which  flushing  is  performed,  the  interest  on  sewer  bonds  and  local  cimditions. 

Assume  a  case  where  water  costs  3  cents  per  1 ,000  gals. ,  and  that  the  amount 
of  flushing  water  required  is  333  gals.,  so  that  the  cost  per  flush  for  water  is 
one  cent.  This  is  an  extremely  low  cost  for  water.  This  figure  can  be  as- 
sumed here,  however,  as  the  same  cost  will  be  taken  in  each  method  of  flushing. 
Where  the  apparatus  used  for  flushing  wastes  water,  as  for  instance,  w^here 
poorly  oi)erating  automatic  tanks  discharge  2  or  3,  or  more,  times  a  day,  w^here 
once  every  2  or  3  days  would  be  sufficient,  the  money  value  of  the  i^ater 
wasted  wlU  add  up  to  a  large  amount  in  a  year. 

Flushing  With  Water  Cart. — Two  men  with  a  water  cart  can  flush  about  20 
tanks  per  day  and  the  cost  for  labor  is  as  follows: 

2  men  at  $2.00 $4. 00 

2  horses  and  cart  at  $_\0D 4. 00 

Total  per  day $8. 00 

Labor  per  flush 40  eta. 

Water  per  flush 01  ot. 

Total 41  eta. 

• 

To  this  must  be  added  the  fixed  charges  against  the  apparatus  used  for 
flushing.  As  we  are  only  making  a  comparative  study  and  a  tank  or  manhole 
of  masonry  of  concrete  is  required  in  all  the  methods  considered,  we  can  elimi* 
nate  charges  on  that  investment.  The  charges  against  the  investment  on  water 
carts  is  included  in  the  cost  for  horse  and  cart,  which  is  considered  as  rental. 

Hose  Connection. — Using  this  method  the  labor  to  handle  about  20  tanks 
would  be: 

2  men  at  $2.00 $4.00 

1  horse,  hose  and  cart  at  $2.00 2. 00 

Total  per  day $6. 00 

Total  labor  per  flush 30  cts. 

Water  per  flush 01  ct. 

Total  coat  per  flush 31  eta. 
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to  installed  would  be  about  $30.  Setting  down  yeariy  fixed  charges  at  10  per 
cent  as  before,  we  have  the  fixed  cliarge  per  tank  as  $3.00  and  for  flushing  366 
times  per  year,  .82  cents  per  flush.    The  total  cost  per  flush  is  then: 

Labor 00  cts. 

Water 1. 00  eta. 

Fixed  charges 82  cts. 

1.82  cts. 

Table  XXIV  summarizes  the  cost  of  various  methods  of  flushing  at  a  fre- 
quency of  366  times  a  year. 

Tablb  XXIV. — Cost  of  Flushing,  is  Cbnts  Pbr  Flush,  at  a  Fbkqubnct  or 

365  Times  a  Year 

Fixed  charges 
per  flush, 
Water  cost       365  flushes    Labor  cost  Total  cost 
per  flush,  per  year,       per  flush,     per  flush. 

Method  of  flushing  cents  cents  cents  cents 

Water  cart 1  0  40.0  41.0 

Hose  connection 1  0  30. 0  31. 0 

Flushing  manhole 1  .41  10.0  11.41 

Automatic  flush  tank 1  .82  0. 0  1. 82 

*  For  the  purpose  of  comparison  fixed  charges  against  the  masonry  tank  or 
manhole  can  be  neglected  and  with  the  flushing  manhole  and  automatic  tank, 
10  per  cent  of  the  cost  of  the  apparatus  are  set  down  for  interest  sinking  fund  ana 
maintenance. 

Semi-Automcdic  FluBh  Tanks. — We  have  now  to  consider  the  cases  where 
flushing  is  required  less  frequently,  once  or  twice  a  week  or  less.  Under  these 
circumstances,  the  semi-automatic  tank  is  the  most  economical  method  of 
flushing.  Furthermore,  this  type  of  tank  can  be  used  when  desired,  as  a  full 
automatic  tank,  flushing  at  frequent  i)eriods  or  less  frequently,  the  only  labor 
required  for  flushing  in  this  manner  being  the  pulling  of  a  chain  from  the 
outside  of  the  manhole. 

The  cost  for  water  is  again,  one  cent  per  flush.  As  to  labor — a  man  with  a 
horse  and  buggy,  costing  in  all  $4  per  day,  can  pull  the  chain  and  set  off  200 
tanks  which  would  be  only  five  times  as  many  flushes  as  was  assumed  with  the 
ordinary  flushing  manhole.  This  would  make  the  cost  for  labor  per  flush  2 
cents.  The  number  of  semi-automatic  tanks  that  can  be  oi)erated  in  a  day 
by  one  man,  are  dependent,  as  was  the  case  with  the  flushing  manhole,  on 
the  distance  between  tanks  and  the  time  consumed  in  operating  the  tank  itself. 
With  the  semi-automatic  tank,  the  time  required  to  pull  up  the  chain  is  but 
a  fraction  of  a  minute,  as  contrasted  to  the  time  required  to  remove  a  manhole 
cover,  turn  on  the  water,  wait  till  the  tank  fills,  open  the  fiap  valve  and  dis- 
charge the  tank  and  replace  the  cover,  as  is  the  case  with  flushing  manholes. 

To  the  cost  of  2  cents  per  flush  for  labor,  must  be  added  as  before  the  fixed 
charges  against  the  apparatus.  The  first  cost  of  the  semi-automatic  tank  over 
and  above  the  first  cost  of  masonry  may  be  set  down,  as  was  ttie  case  with  the 
automatic  tank,  at  $30  at  10  per  cent,  so  that  the  fixed  charge  is  $3  per  year. 
The  fixed  charges  per  flush  depend  upon  the  number  of  times  per  year  the 
tanks  are  operated.  If  set  off  only  once,  it  will  be  $3  and  adding  in  the  cost  at 
the  labor  and  water,  the  total  cost  will  be  303  cents.  If  it  is  set  off  62  times 
a  year,  the  fixed  charges  will  be  5.77  cents  and  adding  water  and  labor,  the 
total  cost  wfll  be  8.77. 
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In  the  (list  column  of  Table  XXIII  la  nt  down  the  Qumbei  of  times  per  yeai 
lahlng  li  peifonned.  CorrespondlDK  to  tlieae  frequencies,  are  set  downtbe 
,riau3  cobW  pet  Siuh.  Tbs  second  column  gives  tbe  ciwt  vltb  »  semi- 
toQistlc  tank;  when  flu^dng  less  frequency  then  200  tlmea  a  fear  the  tank 
haad  operatecl  and  at  fraquendes  rrealer  than  300.  the  tank  is  opeiated 
her  uitomatlcatly  or  by  hand,  the  cost  by  both  methods  being  given.  The 
<1  with  flushing  manhole  and  other  methods  Is  also  given. 
Under  practically  all  condltloua  either  the  full  automatic  or  aeml-automatle 
taof  Hwer  fludilng.     These  Sguies  (rf  course 


Via.  a. — Method  ol 


nibject  to  market  prfceof  labor  In  any  particular  locality.  They  tauUeaM. 
aver,  that  where  Bushing  U  to  be  perfonned  more  than  IGtoSO  times  and 
frequently  than  SCO  tlmea  a  year,  the  semi-automatic  tank  la  the  moat 
omlcBl  apparatus  to  use.  For  flushliig  at  Intervals  of  every  48  or  24  houra 
lore  frequently  the  full  automatic  tank  la  adaptable,  and  la  the  most 
omlcal. 

■■t  of  ClMolsg  Sewer  Catehbasloi  with  u  Auto-Kdoctor. — A  oatcfabasin 
ling  nuLcUne  wo  AIng  on  the  hydraulic  ejector  prlndple  haa  been  employed 
eioellent  aucceaa  In  a  number  of  dtles.  This  macbine  waa  Invented  by 
•gB  W.  Otterson.  a  mining  engineer.  It  la  known  aa  tbe  auto-educlor. 
>aBlBts  essentially  of  a  pump  and  suction  device  attached  to  a  Kelly 
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Springfield  motor  truck.  The  suction  device  is  a  4-in.  telescopic  pipe  con- 
nected at  its  lower  end  with  a  3-in.  pipe  leading  from  the  discharge  of  a  4-in. 
American  centrifugal  pump.  A  1-in.  nozzle  from  the  3-in.  pipe  is  led  into  the 
4-in.  pipe  and  tiuned  upward,  thus  throwing  the  stream  of  water  at  high  veloc- 
ity through  a  contracted  throat,  creating  a  vacuum  and  causing  suction.  The 
pump  is  driven  from  a  power  take-off  on  the  driving  shaft  of  the  truck.  The 
inlet  valve  on  the  pump  suction  is  attached  to  an  opening  in  the  bottom  of  the 
truck  body.  This  truck  body  is  a  water-tight  steel  box  equipped  with  baffle 
plates  so  arranged  as  to  hasten  the  settling  oi  solid  matter  in  the  refuse  taken 
from  the  catchbasin. 

In  beginning  operations,  the  body  is  partly  filled  with  water.  The  tele- 
scopic pipe  is  lowered  imtil  it  rests  on  the  deposits  in  the  basin  and  the  pump  is 
started,  drawing  water  from  the  truck  body  and  discharging  it  through  the 
1-in.  nozzle  at  40  lb.  to  50  lb.  pressure  into  the  large  pipe.  The  refuse  is 
carried  up  the  4-in.  pipe  and  discharged  into  the  truck.  The  solid  matter 
settles  and  the  water  comes  back  through  the  inlet  valve  to  the  pump. 

Cost  Data  on  Catchbasin  Cleaning  with  the  Auto-Eduaor. — The  sewer  dean- 
ing  division  of  the  Bureau  of  Sewers  of  Chicago  began  using  this  macdiine  in 
1917.  The  following  figures  compiled  from  reports  on  file  in  the  Bureau  of 
Sewers  show  the  cost  of  operating  one  machine  for  August,  September  and 

October: 

« 

Labor — 

1  chauffeur,  3  months,  at  $115 $     345. 00 

1  laborer  in  charge  of  auto  crew,  2  months,  at  $3.60  per  day 176.  78 

1  laborer  in  charge  of  auto  crew,  1  month,  at  $4.60  per  day 112. 95 

1  laborer,  3  months,  at  $3.30  per  day 243.  Oft 

Total  labor $     877. 81 

Materials,  Depreciation,  Etc. — 

Repairs,  gasoline,  oil,  etc $  308. 08 

Interest  at  4  per  cent  on  $7,000  (cost  of  edactor) 70. 00 

Depreciation  at  10  ct.  per  mile  for  1,380  miles 138. 00 

Total  materials,  etc $     516. 08 

Grand  total 1 , 393.  89 

The  average  cost  per  catchbasin  cleaned  was  $1,299;  the  average  cost  per 
cubic  yard  material  removed  was  79  cts.  The  average  cost  of  cleaning  catch- 
basins  by  hand  methods  during  the  past  4  years  has  been  $3.24  each. 

During  three  months  the  machine  cleaned  1,073  sewer  catchbasins.  The 
total  mileage  ot  streets  traversed  was  1,073  and  the  total  yardage  of  material 
removed  from  catchbasins  was  1,763  cu.  yd.  The  machine  had  a  5-yd.body 
mounted  on  a  5-ton  truck  body. 

The  city  of  Louisville,  Ky..  began  cleaning  its  catchbasins  with  an  auto- 
eductor  early  last  year.  During  the  period  from  Jan.  17  to  Dec.  31, 1917.  the 
machine  was  in  operati(m  265  days.  In  this  time  it  cleaned  5,388  basins,  at 
a  total  cost  of  $4,573  or  84.8  ct.  per  basin.  The  total  cost  figiu«  is  made  up  of 
$3,327  for  wages  of  driver  and  two  laborers,  gasqline,  oil,  etc.,  and  $1,246  for 
depreciation  at  the  rate  of  20  per  cent  per  annum.  The  average  cost  of 
cleaning  the  basins  in  1916  by  hand  methods  was  $3.40  per  basin. 

Cost  of  Cleaning  Catchbasins  at  Cambridge,  Mass. — Cost  data  on  lean- 
ing catchbasins  by  the  Sewer  Department  of  Cambridge,  Mass.,  are  given 
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\  tbe  1916  lumual  report  ol  L.  M.  Hutines,  CUs  EnfElneer.  The  B| 
iverine  tbe  period  IMS-lBie  Incliulve,  ue  reprinted  In  Eagineeilni 
oatractlng,  as  foUowa : 

No.  of  ,      Losda^ 


>05 

imV.'.'.'.'..'.'.'.'.'.'.'.'. 

»8-fl"... 

109-10 

110-11 

in-12t 

112^13 

113-U 

114-151 

*  SittCfD  months. 


«r       T 

yd.     Total      C. 

.128    3 

247 

436       7 

309       fl 

48 

9  inareued  to  t^-SO  JH 


icreued  to  12. 25  p. 


Coit   of  Catchbiaia    Claulng    Wltb  Oraoca  Peal  Bnekat  and  Truck.— 

special  catchbwin  cleaning  outfit,  coDBiatliig  ot  n  small  orui^  peel  bucket 
id  a  3^i-ton  truck,  with  steel  body  and  power  dump  hoist,  has  been  In  service 

CBjubridge.  Mass..  lor  the  paat  fl  moDIha.  Tbe  eicartithis  and  loading  of 
e  material  [lom  the  baalos  la  done  with  the  orange  peel,  the  bucket  being 
leued  and  shut  by  a  piaton  and  cylinder  attached  to  Ita  head,  whlcb  Is  oper- 
ed  by  compressed  air  at  a  pressure  of  about  100  lb.  per  square  incb.  Id  the 
jiuBiy  Journal  of  tbe  BoatoQ  Society  lA  Cleil  Engineers,  L.  M.  Hastings 
ves  the  costs  on  catcbba^n  cleuiing  in  1008  with  tbe  new  outfit  and  with 
ams:  from  which  Engineering  and  Contracting,  Feb.  12.  1919,  quotes  the 
llowlng- 
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Bt  Hobsb  Carts 

6    to    6    loads    daily    average    5H    loads,     1  1/6    cu.    yd.     per    load. 

1.16  X  6.61oads  X  6days 32.0  cu.  yd. 

1. 16  X  6. 5  loads  X  ^  day  Saturday 3. 2  cu.  yd. 

t  36.2  cu.  yd.  weekly 

or  5.86  cu.  yd.  daily  average. 

Labor,  4  men,  at  $3.25 $       13. 00 

2  horses,  at  $1.50 3.00 

$16. 00  per  day 

Interest,  $575  X  2,  at  4  per  cent $      46.  00 

Depreciation,  $575  X  2,  at  15  per  cent 172.  50 

Yearly  overhead $     218.  50 

$       — — — —       ■:  .87 

Working  days 250 

Cost  per  day $16. 87 

$16.87  H-  5.86  -  $2.88  per  cu.  yd. 
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Motor  Trucks. — The  cost  of  loading  a  motor  truck  can  be  studied  in  a 
similar  way.  The  cost  of  operation  will  be  greater  per  hour  and  the  rate  of 
loading  will  have  to  be  increased  proportionately  to  make  the  costT  comparable 
with  loading  a  team  drawn  wagon.  The  cost  of  haul  by  motor  truck  will  be 
less. 

The  use  of  motor  trucks  in  refuse  collection  service  will  increase.  A  rela- 
tively high  loading  cost  can  be  reduced  by  limiting  the  motor  truck  to  trans- 
portation after  the  loading  of  the  wagons  by  the  so-called  traction  and  trailer 
system  now  being  tried  on  a  large  scale  in  New  York  City  and  used  in  quite  a 
number  of  European  cities. 

Hauling. — The  refuse  material  loaded  in  the  collection  wagon  must  be 
hauled  to  the  transfer  station  or  place  for  final  disposal.  This  will  be  done  by 
horse-drawn  vehicle  or  by  motor.  The  length  of  haul  will  be  from  the  point  of 
last  collection  to  the  place  of  final  delivery.  This  distance  or  haul  must  be 
covered  twice  for  each  complete  load. 

The  cost  of  haul  will  depend  on  the  rate  of  travel,  the  weight  of  the  load  and 
the  cost  of  the  team  and  the  driver,  or  motor  and  mechanic.  The  cost  of 
team  haul  may  be  analyzed  as  follows: 

Assumed:  Per  hour 

Rates  of  travel,  miles 3.0 

Cost  of  outfit $0. 75 

Cost  per  mile  of  travel 0. 26 

Cost  per  mUe  of  haul 0. 50 

Cost  per  ton-mile  haul  with  a  2-ton  load 0. 25 

The  cost  of  haul  by  gas(^ne  or  motor  truck  may  be  analyzed  as  follows: 

Assumed:  Per  hour 

Rate  of  travel,  miles 6.0 

Cost  of  outfit $2. 40 

Cost  per  mile  of  travel 0. 40 

Coat  per  mile  of  haul 0. 80 

Coat  per  ton-mile  haul  with  a  5-ton  load 0. 16 

The  rate  of  travel  will  vary  considerably  from  dififerent  sections  of  a  large 
city,  being  slower  through  streets  congested  with  a  large  volume  of  traffic. 
In  such  districts,  collection  work  should  be  done  at  night  or  during  the  early 
morning  hours. 

Transfer  Stations. — The  operation  of  transfer  stations  should  also  be  con- 
sidered as  a  part  of  the  cost  of  transportation.  A  transfer  station  to  handle 
600  cu.  yds.  a  day,  or  375  tons,  may  cost,  depending  upon  type  of  building  and 
local  conditions,  about  $50,000,  including  land  in  a  fairly  well-built  up  section. 

The  annual  cost  of  operation  may  be  estimated  as  follows: 

Interest  at  5  per  cent $  2 ,  500 

Depreciation  of  plant 1 ,  250 

Labor: 

1  foreman 1 ,  200 

4  laborers 3, 600 

Repairs  and  supplies 2,500 

Total $10,800 

This  is  equivalent  to  a  cost  of  9.4  cts.  per  ton. 

Cost  of  Transportation. — The  cost  of  transportation  of  refuse  from  the  tnms- 
fer  station  to  the  place  of  final  disposal  depends  upon  the  method  used.  The 
cost  for  several  methods  is  discussed  below. 

Trolley  Transportation. — ^Assume  a  typical  transfer  station  receiving  600 
cu.  yds.  of  refuse  material  per  day.    Assume  trains  to  be  made.up  of  one  motor 
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which  carries  no  load  and  two  trailers.  Assume  each  trailer  to  have  a 
3MJity  of  25  cu.  yds.  To  move  600  cu.  yds.  24  trailer  loads  are  required.  If 
place  of  disposal  be  so  located  that  each  train  can  make  two  trips  a  day, 
trains  will  be  required.  Assume  that  three  motors  can  handle  the  six 
Qs.    The  daily  cost  of  operation  will  then  be: 

Per  day 

or  cost,  three  at  $25 $  75. 00 

lers,  twelve  at  $6 72.  00 

Total $147. 00 

the  600  cu.  yds.  of  refuse  weigh  375  tons,  the  cost  of  trolley  transportation 

be  40  cts.  per  ton. 

jrge  Transportation. — A  good,  serviceable  tug  will  cost  about  $30,000  and 

:  scows  about  $7,000  apiece.     The  annual  cost  of  operating  a  fleet  may  be 

»llows: 

nal  cost  of  tug: 

terest  at  5  per  cent $  1 ,  600 

;preciation  on  16-year  life 1 ,  389 

bor: 

Captain $2, 100 

Engineer 1 ,  800 

Fireman 1 ,  000 

Deckhands 1,800     6,700 

pairs 2 ,  500 

el 3,500 

pplies 1,000 

surance 200 

Total $16,789 

lal  cost  of  barge: 

merest  at  5  per  cent   $     350 

preciation 324 

ck  hands 1 ,800 

$2,474 
me  that  1  tug  serves  4  barges 9 ,  896 

tal  annual  cost  of  fleet .• $26, 686 

;ach  barge  makes  one  trip  per  day,  carrying  100  tons  of  refuse,  the  cost  per 
moimts  to  22  cts. 

like  manner  the  elements  of  cost  can  be  determined  for  other  methods  of 
portation. 

am  Railroad  Transportation. — The  cost  of  transportation  by  steam  rail- 
depends  principally  upon  the  switching  charges.     These  will  range  from 
$15  per  car.    A  car  will  hold  about  40  tons  of  garbage,  so  that  the  switch- 
large  will  average  about  20  cts.  per  ton. 

lilable  Collection  Coats. — ^Actual  cost  data  should  be  studied  to  check  the 
estimated  above,  but  these  are  not  available  for  a  large  number  of  cities, 
osts  for  collection  service  are  generally  recorded  to  include  both  loading 
auling  in  one  figure,  while  costs  of  transportation  are  frequently  given 
itely.  The  cost  data  for  some  cities  in  which  the  itemized  cost  of  col- 
li is  available  have  been  simunarized  in  Table  I. 

cago  Data. — ^Jacobs  and  Senfield  have  made  a  careful  analysis  of  the  cost 
looting  garbage,  and  ashes,  and  rubbish  in  Chicago.  These  data  are 
lied  in  excellent  detail  and  accuracy.  The  average  cost  for  the  five 
—1908  to  1912 — are  given  in  Table  II. 


812 


HANDBOOK  OF  CONSTRUCTION  COST 


8 


08    t>.b.»Hooo»»oco«co     coSSts*     "s*-*     nn 

fc.tJ       W  •-<  0»  .H  1-1  .H  ,-1 0 1-1       b.®0       OIM       CiCO 

S-g*  Qoodddddd  dod  do    do 


.00 

.<o 


^  .o 


s^ 


oo    oo 


p 

s 

< 
5 

M 

P 


•s 


o  a'g 


«oeo»o»H«^Nio 


o 


(^^       O  CO  C4 1-«  C4  iH  i-<  0 1-1       •-< 


13,479 
4,670 

.CD    . 
Ico    I 

C4C0 

^co 


too      C4^ 

Sb.     torn 


,       W    «]    M 

5  ^5§ 


a 

•< 

O 

< 

o 

< 
o 

d 

Q 


H 

a 

o 


a 
o 


S 

c  flt 

*^  a 

a 

08 


>COU3ab*-iU3Q^O       CO 


•MiCiQ0C^<O( 


:I5 


»CiH^^      CO      CO»H       '^     • 


s 


00 


o6^*ddd»odd«-^  d'^co'  t^oo  Nfh 

Sb>Ob>pcOOOOOt^  Oit^Oi  O^O  OOCO 

•Hoo»^ooor-4coco  co»^t>.  00  •H  oo 

•H  iH  t>.  •^  »-4  ©  CO  lo  oi  dc^io  t-Tio  o® 

COOOOIWW©       t*.H  ^  ■^  f-i»-i 

'-•CO'-I  d  CO  »-<»H 


C  OQOQQCOOOQOO      OOOOO      QOO 

ST     oo^t*cot>.ooo>     OOSOJ     t^o> 


St 


a 

o 


Ci 


.        COMNNOCOOO'H      COOiH      NO 

S         r1  ,-H  *-T,-l  O  ,-H  rH  r-l  (H         fH'-<,H         I-l  ,H 


GARBAOB  DISPOSAL 


Cat  p«i  ton  of 

Cat  per  cu.  yd.. 

Hha  Bud  rubbiBh 

s.  per  cubic  j&rd,  t 


tie  value  itf  unit  cost  data  for  loading,  hauling,  tranalerrjiic  and  traiuimrt- 
refuse  materials  aliould  be  realized  b;  city  offidala.  Accurate  records 
lid  be  kept  and  publiabed  in  similar  forms  In  different  cities,  so  that  com- 
mons can  be  mode  and  a  cbeck  secured  on  the  efficiency  o<  the  local  work 
lit  of  Motor  Truck  Operitlan  for  Rafnu  CoUection.— In  eonnectloll  with 
jdy  of  refuse  collection  at  Rocbester,  N.  Y..  tbe  Roche.ter  Bureau  id 
dclpal  Aesearch.  Inc.,  of  nhlcb  James  W.  Houlh  Ls  Director,  collected  a 
idersble  amount  of  data  on  the  use  of  motor  trucks  inmunlclpal  service, 
le  data  are  given  in  a  report  issued  recently  by  the  Bureau,  from  which  tlie 
«r  following  is  abstracted  in  Engineering  and  Contracting.  July  2.  1019. 
1914  a  5-ton  truck  equipped  with  a  specially  designed  lO-yd.  collection 
'  was  glvea  a  trial  In  house  to  house  collection  d  garbage  and  ashes  on  » 
le  haul  in  the  Borough  of  the  Bronx,  New  York  City.  It  was  given  a 
ler  trial  In  hauling  garbage  from  relay  stations  In  the  outlying  sections  of 
Borough.  On  the  3-mlle  baul  In  making  house-to-house  collections  the 
i  did  not  prove  as  economical  as  the  l-borse  carts  generally  used  But 
iiling  froiii  relay  stations  on  the  longer  haul  the  truck  showed  a  conaidei- 
savtng  over  horse-drawn  carls.  The  haul  tor  this  work  was  approil- 
]y  7  milee.  The  truck  made  tour  round  trips  tor  a  total  of  bi.2  miles  and 
Hi  2T.6  tons  of  garbage  as  against  about  iH  trips  made  In  the  same  length 
ne  by  a  l-horae  cart  hauling  approximately  l>i  tons  IHo  tons  per  load), 
le  shorter  haul  the  cart  made  three  round  trips  per  day  for  a  total  distance 
;  miles.  Including  house-to-house  collections  and  hauled  B.4  tons;  the 
.  made  five  round  trips  tor  a  total  distance  of  32.7  miles  and  hauled  S3  S6 

e  poorer  showing  of  the  truck  ou  house-to-house  collection  was  attrl- 
1  to  the  time  spent  In  loading.  Although  four  helpers  were  provided  the 
so  spent  represented  more  than  one-halt  tbe  total  time.  The  time  spent 
vellng  to  and  from  tbe  dump  was  only  one-flf  th  the  total  time.  On  relay 
,  however,  the  loading  time  was  only  35  per  cent  ot  tbe  total  time, 
e  l-horse  cart  outBt  cost  S4.32  per  day.  The  total  dally  cost  of  operating 
-uck  was  *I3.70,  dbtrlbuted  as  follows: 

Total  Per  rent 

n  cost  ol  total 

ine t  2.41  17.8 

0.76  S.4 

:  depreciation  (cost  (6,000,  lite  S  yesnl 2. 78  20.  3 

«t  on  Id  vestment  at  6  percent 0.S3  S.  I 

ra.  labor,  materials,  Urn,  creaH  and  miHellaneouH.  4.07  20,7 

in* 0.30  2.2 

r'epiy ",68  IS.  7 

«1 tI3.70  100.0 
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The  New  York  Department  of  Street  Cleanmg  has  used  large  tractor- 
trailer  motor  propelled  collection  units  to  some  extent.  These  are  giant 
outfits  hauling  25  cu.  yd.  of  refuse  per  load.  Collections  of  ashes,  rubbish 
and  garbage  are  made  simultaneously,  but  in  separate  compartments.  The 
average  haul  is  about  IH  miles.  Special  equipment  is  provided  for  unloading 
the  refuse  onto  scows.  The  principal  factor  tending  to  produce  economy 
from  the  collection  standpoint  is  the  fact  that  all  refuse  is  dumi>ed  at  a  common 
point  of  disposal.  For  this  reason  all  refuse  may  be  collected  at  one  time  by 
providing  separate  refuse  compartments  on  the  collection  vehicles. 

In  Philadelphia  a  part  of  the  collection  equipment  has  been  motorized. 
Five-ton  trucks  equipped  with  12-yd.  bodies  have  proven  economical  in 
the  collection  of  ashes  and  rubbish  from  sections  where  the  haul  to  the  dump 
averages  6  miles. 

In  a  report  by  the  Efficiency  Division  of  the  Chicago  Civil  Service  Conunis- 
irion  made  public  in  July,  1915,  it  is  stated  that  after  a  thorough  study  of  the 
question  of  motorizing  Chicago's  collection  equipment  the  continued  use  of 
horses  in  garbage  collection  was  found  to  be  justified.  The  report  states  that 
the  data  assembled  for  gas  and  electric  trucks  warrant  their  adoption  only  for 
hauling  after  horse-drawn  carts  have  made  the  house-to-house  collection. 
These  figures  are  based  on  a  $5.50  daily  wage  per  team.  If  the  cost  of 
teaming  were  increased  to  $6  per  day,  it  is  stated  that  there  would  be  a  slight 
saving  by  using  motor  equipment,  but  this  would  not  be  sufficient  to  warrant 
the  change  at  least  for  some  time  to  come.  The  report  states  that  the  haul  in 
Chicago  varies  from  IH  to  5  miles.  As  between  the  gasoline  and  electric 
trucks,  the  latter  were  found  to  be  the  more  economical.  The  haul  below 
which  a  3-ton  electric  truck  would  not  be  economical  when  measured  against 
a  $5.50  team  was  found  to  be  1.8  miles.  Against  a  $6  team  it  was  0.8  mile. 
Three-ton  gasoline  trucks  were  found  to  be  not  as  economical  as  either  a 
$5.50  or  $6  team. 

The  fixed  and  mileage  charges  for  gasoline  and  electric  trucks  were  as 
follows: 

Total    coet 

Item  Gasoline        Electric 

First  cost  of  3-ton  truck  or  tractor $4,000. 00     $       4,000 

Fixed  charges: 

fixed     charges     on     investment     per    year    at 

4     per     cent.  160.00  160.00 

Garage 300. 00  300. 00 

Insiirance  (fire  and  liability) 190. 00  183.  00 

State  license 4. 00  4. 00 

Driver 960. 00  960. 00 

Obsolescence,  5  per  cent 200. 00  200. 00 

Contingencies  (interest  on  operating  stores,  general 

superintendence,  etc.),  2  per  cent 80. 00  80. 00 

Total  fixed  charges  per  year $1,894.00     $1,887.00 

Total  fixed  charges  per  day  (Moo  year) '    6. 31  6.  29 

Variable  expenses  per  mile: 

Depreciation $    0. 0573     $     0. 0340 

Tires .0600  .0600 

Maintenance  and  repairs .  0300  .  0300 

Lubrication  (oil  and  grease) .  0050  .  0050 

Energy  (gasoline  13M  ct.  per  gul.,  electricity  >^  tt. 

per  kw.  hour) 0344  .  0050 

Total  variable  expense  per  mile $     0. 1767     $     0. 1340 
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oosifor  hauling  with  horses  was  given  as  follows: 


-Teams     costing- 


)ni  $5.50  per  day  $6.00  per  day 

1  charges  for  equipment $0. 021  $0. 021 

68  anddriver 5. 500  6. 000 

on  depreciation,  Hie  22,000  miles 0. 0S4  0. 084 

itenance  and  repairs  at  5  per  cent 0. 021  0. 021 

Total  daily  expense $5. 626  $6. 126 


Los  Angeles  motor  trucks  are  used  in  the  collection  of  all  non-combustible 
e.  Two  2H-ton  trucks  are  used  to  haul  garbage  from  the  outlying 
icts  where  the  haul  averages  8  miles  or  more.  One  driver  and  two  helpers 
)oee  the  crew  and  two  loads  are  collected  daily.  For  the  remainder  of  the 
m  the  shorter  hauls  teams  are  still  used.  The  .cost  of  garbage  collection 
motor  trucks  on  the  long  hauls  is  given  as  $2.76  per  ton.  On  the  shorter 
the  cost  is  $2  i)er  ton  using  teams. 

certain  firm  in  Rocliester  employing  both  horses  and-  motor  trucks  in 
er  aad  building  material  deliveries  states  tiiat  the  economical  low  limit 
il  for  piotOT  tmdEs  Is  found  to  be  2^  miles. 

e  average  cost  cd  truck  op«»tion  by  this^^rm  for  the  last  three  years  has 
$11.20  to  $12.30  per  day.  (This  incudes  the  cost  of  two  3-ton  and  2- 
nicks.)  Items  included  are  fuel,  lubricants,  tires,  repairs,  license  fee. 
ty  insurance,  garaging,  drivers'  wages  and  depreciation.  Drivers  were 
$17  to  $19  per  week.  Twenty  per  cent  was  allowed  for  depreciation. 
V.  Montgomery,  who  has  charge  of  a  large  fleet  of  motor  trucks  on  paving 
in  Philadelphia,  in  a  statement  appearing  in  the  Engineering  News  of 
11,  1917,  places  tbe  cost  of  operating  a  5-ton  truck  50  miles  per  day  at 
1.  Fixed  charges  amount  to  $5.39  per  day  or  30  per  cent  of  the  total. 
206t  evidently  applies  to  1916  conditions.    The  distribution  is  as  follows: 

Per  cent 
of  total 
Fixed  charges  Per  day      cost  per  day 

ciation*  ($4,100  first  cost — $400  scrap 

le/ 1,200  days) $0.46  2.6 

ince  (liability,  fire,  collision) .58  3.2 

e  f ee , .10  0.6 

foreman  (supervising  3  trucks) 1 .  25  7.0 

r 3.00  16.7 

otal  fixed  charges $5. 39  30. 1 

Per  day         Per  cent 
at  50-  total  cost 

ariable  charges  Per  mile     truck-miles      per  day 

ciaticm*      ($4,100     first     cost/— $400 

p  value/ 15,000  mUes) $0.0629  $3.14  17.6 

ne  at  25  ct.  (3  miles  per  gal.) 0833  4. 17  23 . 3 

ating  oil  (64  miles  per  gal.) 0055  0.  27  1.5 

0386  1.94  10.8 

8 0600  3.00  16.7 

Dial  variable  charges $0. 2503         $12. 52  69. 9 

ixed  charges  (at  50  miles  per  day) . .       0. 1078  5. 39  

Dtal  cost  -per  mile $0. 3581         

3tal  cost  per  day $17.91  100.0 

out  15  per  cent  of  first  cost  deiM'^iates  with  passage  of  time,  while  about 
cent  is  pr<^K>rtional  directly  to  mileage  run. 
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The  cost  of  operating  a  5-ton  truck  used  in  the  delivery  of  sand  and  piiil 
on  the  Pacific  CkMuit  during  a  5-month8'  period  in  1917  was  approadnuii^ 
$13.40  per  day.  This  includes  all  charges.  Capacity  loads  were  bauM  m 
average  distance  of  6.1  miles  over  roads  of  various  kinds,  equally  dltidid 
between  gravel  and  dirt,  with  many  hills,  some  of  them  steep.  The  avenie 
distance  traveled  daily  was  about  60  miles.  The  costs  were  dlstriboled 
as  follows: 

Item 

Pud 

Oil  and  grease 

Tires 

Repairs  and  part» 

Waces 

Interest  at  6  per  cent 

Depreciation  at  20  prr  cvnt      


Percent 

ToUl  COHt 

of  total 

$    303.25 

18.1 

60.79 

4.S 

154.93 

9.S 

21.06 

l.S 

508.75 

80.4 

218.78 

1S.1 

394.66 

2S.6 

Total $1,671.22         100.0 

The  cost  of  hauling  paving  materials  in  Detroit  with  a  5-ton  truck  duriiC 
1917  was  $14.85  i>er  day.  including  all  costs.  The  truck  hauled  an  aggicfrti 
of  85  tons  in  seven  trips,  the  average  haul  being  4  >^  miles. 

The  cost  of  operating  a  3>-t-Yon  truck  under  average  service  oonditkxis  on 
the  roads  of  Southern  California  over  a  considerable  period  of  time  was  found 
to  be  $9  per  day.  This  includes  all  cost  of  upkeep,  supplies,  depredatioii, 
wages  of  drivers,  etc.  The  first  cost  of  the  tnick  was  placed  at  $3,500  and 
its  life  at  10  years,  assuming  that  the  truck  traveled  25  miles  per  day.  Gam- 
line  was  purchased  at  16  cts  per  gallon  and  the  driver's  salary  was  $060  per 
year.  Roads  were  good  and  operating  conditions  generally  very  favorable. 
Itemixed  costs  Cfor  the  estimated  life  of  10  years)  follows: 

Item 

Insurance 

License  and  taxcn 

Interest  at  6  per  ront 

Depreciation   

Administration 

Storage .  

Gasohne  at  IC  ct.  per  KsUon 

Oil,  greaftp,  waste         

Tires  (\na  first  cost) 

Driver's  salary 

Maintenance 


Cost  per 

Percent 

Total  coet 

day 

of  total 

$   1.350 

$0.45 

5.0 

3H() 

.13 

2.100 

.70 

:i.500 

1.17 

12.9 

415 

.14 

960 

.32 

2.400 

.80 

750 

.25 

2.345 

.78 

0 .  ♦>()<) 

3.20 

35.5 

3 .  250 

1.08 

12.0 

Totalfor  life  of  trucl(  $27.  ().'>()  $9.02  100.0 

The  first  cost  of  a  truck  with  a  collection  Ixxly  would  be  somewhat  higher 
than  is  here  given.  A.s  a  matter  of  fact,  the  city  of  Rochester  awarded  a 
contract  to  the  Selden  Motor  Vehicle  Co.  in  DectMiiber,  1917,  for  two  SH-^f* 
trucks  each  equipped  witli  a  special  6-y(l.  colleiHion  body  at  $5,081 
Other  costs  also  have  increased  proiwrtionately  .sim***  the  above  estimate' 
made.  It  is  believed,  however,  that  a  coniiH'tent  driver  could  be  emptojed  at 
less  than  $96a  It  should  be  pos.sible  to  employ  a  truck  driver  at  $900  annu- 
ally if  he  were  given  permanent  employment.  Also  interest  rates  on  the  ln\'«rt- 
ment  should  not  amount  to  more  than  5  i)er  cent.  The  life  of  a  truck  used  in 
house-to-house  collection  work  would  probably  not  be  as  long  as  in  other 
work  dw  to  frequent  starting,  stopping  and  generally  tiard  usage.  A  Uf^  ^ 
6  yean  with  a  daily  average  mileage  ot  2h  ii\VV»  vjo\M  wwaVi  ^  a  f«lr  «*- 


rom  a  report  bj  the  Efflclency  DivMon  irf  the  Chicago  CItU  Service 
Lssion  for  tbe  remoral  of  garbage,  ashes,  refuse  and  other  vaBtes  for  the 
114,  were  published  In  Engineering  and  Coatractlng,  Dec.  3.  lOlS. 
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During  1912  about  1,400,000  cu.  yds.  of  rubbish  were  collected  and  hauled 
to  dumps  at  an  average  cost  of  60  cts.  per  cu.  yd.  During  the  same  year 
about  119,000  tons  of  garbage  were  collected  and  removed  at  an  average  cost 
of  $3.20  per  ton. 

Decul  Animala. — Dead  animals  are  removed  and  disposed  of  in  Chicago  by 
contract.  A  contract  of  this  character  was  awarded  in  August,  1912,  and  was 
for  a  period  of  five  years,  for  which  the  city  is  paid  an  annual  rate  of  $25.  The 
contract  provides  that  the  contractor  shall  remove  within  twelve  hours  all 
dead  animala  from  streets,  alleys  and  the  river,  and  dispose  of  them  at  least 
three  miles  outside  the  city  limits. 

An  estimate  of  the  number  and  weight  of  dead  animals  removed  and  dis- 
posed of  each  year  in  the  city  is  given  herewith,  as  follows: 

Total  number  of  dead  horses,  average  weight  1,300  lbs 9 ,  253 

Total  number  of  dead  dogs,  average  weight  25  lbs 20 ,  782 

Total  number  of  dead  oats,  average  weight  5  lbs 3 ,  603 

Total  number  of  other  animals,  including  cows,  goats,  sheep,  rabbits,  etc., 

average  weight  100  lbs 448 

Grand  total  number  of  dead  animals  removed 34 .  086 

Total  estimated  weight  of  all  dead  animals  removed,  12,611 ,265  lbs.,  or  6,305  tons 

QtumtUy  of  Oarhage  and  Rubbiah. — The  house  collection  is  made  by  waggons 
equipped  with  covered  steel  tanks  having  a  capacity  of  about  2\^  tons  of 
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-Curves  showing  daily  variation  in  tonnage  of  garbage  in  Chicago  for 
the  years  1911,  1912  and  1913. 


garbage.  The  wagons  and  tanks  are  owned  by  the  city,  while  the  teams  are 
hired  from  contractors  on  a  per  diem  basis.  Each  ward  is  divided  into  garbage 
districts  and  collections  are  made  from  each  district  according  to  the  density 
and  character  of  population  and  district.  The  wagons  are  taken  to  the  load- 
ing stations  from  which  the  tanks  are  transported  to  the  place  of  final 
disposition. 

The  curves  shown  in  Figs.  1  and  2  indicate  the  variation  in  the  amounts  of 
garbage  and  rubbish  collected  and  the  problems  which  must  be  met  in  order 
efficiently  to  handle  this  work.  These  curves  indicate  that  the  mlnimuin 
quantity  of  garbage  is  reached  during  the  winter  months,  and  the  maxinuun 
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[uantlty  during  the  summer  months,  especially  during  the  month  of  Septem- 
•er.  This  necessitates  that  the  organization  maintained  be  flexible  and  easily 
dapted  to  the  ever-changing  conditions.  Analysis  of  the  garbage  collections 
lade  in  this  city  for  the  past  five  years  indicates  that  the  quantity  to  be  col- 
$cted  from  the  several  districts  for  different  years  is  not  a  constant  figure, 
spending  upon  the  local  conditions  such  as  change  of  character  of  population, 
rowth  of  residence,  business  or  manufacturing  property. 
Field  study  of  the  average  time  required  by  drivers  to  collect  a  load  of 
u-bage  indicates  that  it  takes  about  3  hours  and  55  minutes  to  collect  a  full 
ad  of  garbage  in  summer  and  4  hours  and  46  minutes  to  collect  a  full  load 
'  garbage  in  the  winter  months.    These  units  have  been  taken  as  standards 


Jan         ret>       Mar      A^        hA9j     June     Juhj      Aug        Sept     Oct       Nov.       Dec 

i.  2. — Curves  showing  daily  variation  in  yardage  of  rubbish  for  1911  and 

1912  in  Chicago. 

I  represent  service  which  can  be  secured  and  maintained  by  every  efficient 
mster  in  the  city.  The  average  rate  of  haul  has  been  found  to  be  approxi- 
tely  2.7  miles  per  hour*  Tables  III  and  TV  give  data  on  the  production 
[  unit  cost  of  collecting,  hauhng  and  disposing  of  wastes  in  1912. 


JLB  III. — Data  on  Production  of  Municipal  Refuse  in  Chicago  Dubinq 

1912 

Ashes  and 
roduotion  rubbish  Garbage 


dmum  month 68.023* 

dmum  month 166.007 * 

al  for  year 1,399.716* 


sJ  team  days. 

%l  number  of  loads. 


rase  loads  per  team-day. 
e  per  load . 
rage  haul  in  miles 


\l  average  time 


131,475 

271,760 

2.06 

3.91 

2.9 


rJu.  yds. 
Pons. 


6,256t 
14,960t 

119,176t 

54.152.5 

56,048 

1.04 

7.75 

3.4 


he  larger  number  of  collectors  collect  one  load  per  day  and  the  remaining 
i  over  the  3  hours  and  55  minutes  is  spent  in  going  to  and  from  the  loading 
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Table  IV. — Data  on  the  Cost  op  Coixecting,  Hauling,   Dumping   and 
Disposal  op  Ashss,  Rubbish  and  Gabbagb  in  Chicago  in  1912 
(Cost  Exclusive  of  Overhead  Charges) 
Collection — 

Average  time: 

Ashes  and  rubbish 1.3 

Garbage 4.8 

Per  cent  of  total  time: 

Ashes  and  rubbish 33 . 7 

Garbage 62 . 9 

Cost: 

Ashes  and  rubbish $334,970 

Garbage $267 .800 

Average  cost  per  cu.  yd.: 

Ashes  and  rubbish .24 

Garbage 2 .  24 

Haul- 
Average  time: 

Ashes  and  rubbish 2.2 

Garbage 2.5 

Per  cent  of  total  time: 

Ashes  and  rubbish 56 . 0 

Garbage 32. 0 

Cost: 

Ashes  and  rubbish $421,350 

Garbage $  97. 157 

Average  cost  per  ou.  yd.: 

Ashes  and  rubbish -  30 

Garbage* 0.81 

Average  cost  pet-  yard  mile: 

Ashes  and  rubbish -05 

Garbage* -12 

Dumping — 

Average  time: 

Ashes  and  i-ubbish 0.4 

Garbage 0.4 

Per  cent  of  total  time: 

Ashes  and  rubbish 10. 4 

Garbage S-  2 

Cost: 

Ashes  and  rubbish $  74 .  352 

Garbage $  15.462 

Average  cost  per  cu.  yd.: 

Ashes  and  rubbish .05 

Garbage  * -13 

Total  cost — 

Ashes  and  rubbish $830. o80 

Garbage $380,353 

Total  average  cost  per  cu.  yd.: 

Ashes  and  rubbish .59 

Garbage* 3. 19 

(Cost  Including  Overhead  Charges) 
Collection — 
Cost: 

Ashes  and  rubbish $362 ,  194 

Garbage $290,648 

Average  cost  per  cu.  yd.: 

Ashes  and  rubbish .27 

Garbage* 2.44 

Haul- 
Cost: 

Ashes  and  rubbish $476,875 

Garbage $164,823 

Average  cost  per  cu.  yd.: 

Ashes  and  rubbish .33 

Garbage* 1-30 

Average  cost  per  yard  mile: 

Ashes  and  rubbish -Yx 

Garbage* •**> 
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umpiDg  uid  diipoflal — 

Co.t: 

AahjB  snd  rubbish tl33,82« 

G»i-bmtr »  64,807 

Avenc«  cost  per  ou.  yd.: 

Asha  Bad  rubbish .09 

Garb»«e* .54 

lUicwt— 

Aihea  and  rubbiih IMS  .808 

0«rbB«e SG10.278 

)t«l  »ver»ge  oost  iwr  ou.  yd.; 

Aihesaud  rubbiih ,69 

OBrb»gB* 4.29 

Nd(«. — 'The  unit  coat  (or  lubMe  noUectiDn.  hsidinc  sod  diiponJ  ia  the  ton. 

iflt  exclusiVB  of  overh»d  ehAr^ea  it  based  upoD  the  ward  eipetiditum  aa 

)~D  by  the  City  ControUer'a  annual  report  for  IBIZ.     The  coat  of  collection 

Judee  all  labor  ohsTEes  for  the  servioe.  and  the  oast  of  team  hire  for  the  lime 

■Bt  collecting.     The  cost  of  haul  includa  the  coat  ot  taam  hire  [or  the  time 

The  loaflth  of  haul  ahowD  ia  tba  diataD«e  «ie  way  to  the  place  of  dkapoaal. 

iBsed  upon  the iverace period  taken,  vis.;  SSminutea  per  load. 
Overhead  ehariea  inoTuae  the  cost  of  depredation  of  equipment,  rental,  iuper^ 
~~idenee  and  operation  of  dumps  and  losdiiu  stationa.     '^ — &----■   -■.-.. 
■■  been  pmrated  betmen  colledjon,  haul  and  diapoaal  oi 

., '■— -"---'•-iatatiotiaohar«eda«aiiiathaul      f 

d  acainit  dumidikc  and  dlaiKiBal. 


of  operation  of  loadinc  atationa  charsed  afauiat  haul.     Coat  o 

— J  j>. — J  eharged  vr' — ' "" ' ""  "~ — ' 


tian  or  disposal  plant,  or  in  w^ting  at  (he  loading  staUon.  It  has  been 
ind  that  pnictlcaUy  79  per  cent  of  the  teanu  at  the  present  time  complete 
lir  collection  and  haul  and  return  to  the  starting  point  nlthln  six  or  seven 
ITS,  and  the  remaining  part  of  the  eight-hour  day  is  not  devoted  to  an; 
■ductive  work.  Under  the  present  syateni  of  ward  distribution  It  la  not 
isible  to  arrange  tor  long  and  ^ort  hauls,  which  would  talie  care  of  the  time 
;.  The  present  condition  can  be  remedied  wltli  profit  and  increased  service 
the  provision  d  new  tanlia  e  or  S  Ina,  higher  than  those  now  In  use.  These 
J  boieA  should  be  obtained  aa  the  old  tanka  are  used  up. 
:be  Scu.  yd.  rubbisb  box  used  in  this  city  is  Buffldent  to  hold  all  that  a  team 

economically  and  conveniently  haul  through  the  unpaved  alleys  during 
winter  montha.  However,  the  material  to  be  removed  during  the  summer 
atha  ia  of  light,  combustible  nature  and  a  team  can,  under  normal 
dltions,  convenlentlj'  draw  at  least  9  cu.  yds.  As  Indicated  above,  the 
iclpal  cost  of  rubMsh  disposal  ia  the  coUectloo  and  haul :  the  greatest  econ- 
/  will,  therefore,  result  when  a  team  can  collect  the  mailmuin  possible 
ntlty  in  one  load.  Wagons  designed  with  loner  bodies  will  allow  of  larger 
Is.  At  the  same  time  the  height  required  to  raise  the  paU  to  empty  the 
hlsb  Is  reduced,  with  the  result  that  the  efficiency  of  labor  will  be  greatly 
eased.  Provision  whereby  sideboarda  can  be  hinged  to  the  ordinary  rub- 
I  box  wHl  adapt  the  box  to  a  G  cu,  yd.  load  during  the  wlnl«r  montha  and 
irg>er  loads  during  the  siunmer  season, 

conomlc  HeUhodi  of  Taste  Dlspoaal  lor  Cities  of  Different  Slxed  Popnla- 
a. — ^In  his  report  made  to  the  mayor  and  city  council  of  Davenport,  Iowa, 
1  W.  Alvord  gave  the  following  diagram  (Fig,  3)  "howlng  the  relative 
lability  of  various  methods  of  disposal  of  city  wastes  under  average 
lomic  conditions  for  cltlea  of  different  sized  populations. 

must  be  remembered  that  the  reduction  process  is  applicable  to  garbage 
e.  The  cremation  process  ia  applicable  lo  garbage  mixed  with  some  fuel. 
I  is  applicable  to  and  requires  the  collection  of  all  of  the 
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nunloipRl  wtutea  In  order  to  destroy  Ibe  swdb  by  coinbiutlou  with  succesB. 
I'bere  is,  tbeiefoie.  a  fund^ineDtal  dllTertDce  betweeD  tliese  uiethods  which 
Hould  oM  be  lost  sight  ot. 

C«t  ol  OuIhc*  Diipoul  br  Inciiiaiatian,  Radutini  tat  Fasdinc  to 
iwliu.— Inlportant  facti  coDcemlns  gkiboge  dlipoBal  methoda  Mid  costs  In 
■rloua  cltkH  are  El*rai  hi  &  report  prepared  by  the  BpringfieUBuresuof  Mil-* 
ilclpal  Research  of  Springfleld,  Mass.  The  tollowliig  main  features  of  the 
eport  i^ardhig  the  various  methods  ot  dlaposiuK  of  gsibsee  are  taken  from 
loehKcrlnc  and  Contracting.  Sept.  12, 1917. 

INCIRKRATIOK 

Full  Hied  in  latiutralion. — Br  indneratlon  is  meant  the  disposal  Of  garbage 
y  burning.  The  fuel  may  be  only  the  garbage  and  other  lefuss,  or  It  may  be 
]al,  wood  or  other  fuel,  depending  upon  the  proportion  and  character  of  the 
if  use  to  be  burned.  The  olaaaes  of  refuse  disposed  ol  in  inciimatoTti  and  tba 
mount  of  fuel  required  were  as  fallows  In  101  fi  for  the  cities  named: 


City  torn' 

in  Francuoo.  Cal.— 
Garbage,    rubbish,    a  ■  h  e  s, 
maBiue 220 

GMba^B 24 

Garb^.'sit^l  HmtnBlB 33.47 

itenwD,  N.  J,— 

Ashesi  garbaie.  rubbish. ....       23 

■enton,  N.  J.— 

Anytluns  oombustible ,       50 

ilmiucton,  N.  C— 
Gaibage,     rubbish,     dead 

animal*.... 3 

irtlsnd,  Ore.— 

Cwbsse,  manure,  rubbish. . .      123 

ie,  Pa.— 

Garbage,  rubbish. 24> 

chmond.  Va.— 

Garbaie,   c  0  ffi  b  u  B  t  i  b  1  e 

3E 
CiBrbBge.  tubbisli,  manure. . .      0.71 

Garbage..;.."; 20 

Qdon,  Ont.— 

jarbaee,  ashes. £0-50 

jntreaT,  Que IIS 

woe  Jaw,  8a*k.— 


"'(«' 


I     rubilish-     ^Smal 
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Thus,  9  out  of  the  14  cities  listed  use  other  fuel  in  addition  to  the  garbage 
and  other  refuse. 

Coat  of  Construction. — The  cost  of  construction  varies,  according  to  one 

report  from  $600  to  $1,000  per  ton  capacity.    The  Worcester  Commission 

reports  that  "the  cost  per  ton  daily  capacity  varies  from  $230  to  $1,000,  the 

'average  being  between  $600  and  $700."    The  cost  in  a  number  of  cities  was 

as  follows: 


City 


Designer  or  builder 


Berkeley,  Cal Sterling 

Oakland,  Cal Decarie 

Fort  Wayne,  Ind Dizon 

South  Bend,  Ind Dizon 

Terre  Haute,  Ind 

Covington,  Ky 

Grand  Rapids,  Mich. . .  .Angle  Imp.  No.  3.. 

Duluth,  Minn Decarie 

Minneapolis,  Minn 

Paterson,  N.  J Destructor  Co 

Wilmington,  N.  C Decarie 

Portland,  Ore Smith 

Allentown,  Pa Dixon 

Erie,  Pa Morse-Boulger 

Richmond,  Va.,  No.  1. . ,  Decarie 

Richmond.  Va.,  No.  2., .  Morse-Boulger 

Spokane,  Wash Decarie 

Wheeling,  W.  Va Decarie 

Milwaukee,  Wis 

London,  Ont. Heenan  &  Froude. . 

Montreal,  Que Thackeray 

Moose  Jaw,.  Sask Heenan  &  Froude. . 

Average  for  22  plants $       600 


Con- 

struction 

Con- 

cost per 

Capacity, 

struction 

ton 

tons 

cost 

capacity 

50 

$61,500 

$1,230 

100 

60,000 

600 

40 

15,000 

375 

25 

6,800 

272 

50-75 

15.000 

200 

100 

25,000 

250 

100 

14,656 

147 

25 

35.000 

1.400 

150 

50.000 

333 

60 

80.000 

1.333 

40 

35.000 

876 

150 

99.900 

660 

25-30 

14.700 

490 

100 

27,000 

270 

50 

40,000 

800 

50 

12.000 

240 

120 

90.000 

750 

50 

35.000 

700 

300 

210.000 

700 

60 

39.760 

795 

150 

41.000 

273 

50 

31,811 

686 

Coat  of  Operation. — The  reports  of  charges  for  operation  and  maintenance 
were  given  for  the  following  cities: 


City 


Total 


Ft.  Wayne,  Ind $  7, 150 

Paterson,  N.  J 9 ;  527 

Portland,  Ore 15.383 

Erie,  Pa 5,835 

Richmond.  Va.,  No.  1 3,700 

Richmond,  Va.,  No.  2 5 .  050 

Spokane,  Wash 3.930 

Wheeling.  W.  Va 5.690 

London,  Ont 10,596 

Montreal,  Que 23.445 

Moose  Jaw,  Sask 14 .  106 

Milwaukee,  Wis 68.892 

Minneapolis,  Minn 43 .000* 

*  Approximately. 


Sal- 
aries 

$  3.680 
7.060 
13.805 
3.880 
2.250 
3.000 
3,165 
3.540 
9.096 


Re- 
Re-     new- 
pairs     als 

$     157  $183 

1.849  .... 

1,330  .... 

40     200 

350 


Sup- 
plies, 
except 
fuel 

$     325 

510 

248 

50 

100 


45 
800 
600 


150 
900 


Fuel 

$2,824 
108 

•  ••••• 

1,665 
1,000 
2.050 
720 
1.200 


11,951    2,174 


The  Ohio  State  Board  of  Health  reported  the  following  costs  including 
nterest,  depreciation,  maintenance  and  repair  charges,  for  the  cities  named  for 
oeriod  of  years: 
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In  the  New  York  State  report  the  following  replies  were  obtained  from  cities 
disposing  of  garbage  by  reduction  to  the  question  as  to  whether  odors  came 
from  their  plants: 

No New  Bedford. 

Yes Schenectady-Pittsburgh. 

Slight Columbus-Dayton. 

Occasionally St.  Louia-Bridgeport. 

Verjr  little Utica-Cleveland. 

At  times Syracuse. 

Much San  Francisco. 

Some Springfield. 

40  miles  away Washington. 

No  reply , .  .  New  York,  Rochester,  Cincinnati,  Detroit,  Baltimwe, 

Boston,  Newark,  Indianapolis. 

Thus,  of  the  21  cities,  8  did  not  report  as  to  odors,  10  reported  the  presence 
of  odors  to  a  greater  or  less  degree,  1  did  not  state  whether  there  were  odors 
or  not  but  did  state  that  the  disposal  plant  was  40  miles  away  from  the  city, 
and  1  city  reported  no  odors  though  officials  from  the  city  of  Springfield 
visited  the  plant  of  this  city  and  noted  the  odors  coming  from  it.  Four  of  the 
cities  named  above  operate  their  own  plants  and  all  of  them  report  odors. 
Thus,  the  fact  of  private  or  public  ownership  and  operation  does  not  appear  to 
afifect  the  nuisance. 

That  it  is  the  expectation  that  reduction  plants  will  cause  offense  and 
complaints  is  evident  from  the  location  of  the  plants  with  respect  to  the  city, 
as  follows: 

Distance  of  plant 
from  center  of 
Name  of  city  city 

Berkeley,  Cal 8  miles 

Washington,  D.  C 40  miles 

Cleveland,  Ohio 8  miles 

Columbus,  Ohio 4H  miles 

Dayton,  Ohio About  6  miles 

Cost  of  Construction. — The  cost  of  construction  of  reduction  plants  in  cities 
for  which  the  information  is  available  was  as  follows: 

Capacity, 
tons  in 
City  24  hours 

Los  Angeles,  Cal 300 

Chicago,  lU 800 

St.  Louis,  Mo 400 

Cleveland,  Ohio 20-25 

Schenectady,  N.  Y.. 200 

Columbus,  Ohio 160 

Dayton,  Ohio 50 

According  to  the  New  York  State  report  the  cost  of  construction  varied  from 
$1,500  to  $3,000  per  daily  ton  capacity. 

The  average  cost  of  construc^on  per  daily  ton  capacity  is  $287  for  these 
cities,   excepthig  Schen^ady,  where  the  cost  was  reported  to  be  $4,400. 

Cost  of  Operation. — One  ftftttiorlty,  Parsons,  places  the  cost  of  reducti<m 
at  $1.80  to  $2.00  per  ton  of  garbage  (Turrentine  at  $2. 41 ;  the  New  York  Stale 


Cost  of 

Cost 

construction 

per 

nd  extensions 

ton 

$100,000 

$    333 

726,000 

906 

300,000 

750 

110.000 
272,000 

4.400 

1,360 

286.000 

1.475 

56,000 

1,100 

s  not  purchased  In  tbe  early  years  should  fery  nearly  b 
ie  omission  of  itenu  purchased  after  1S14.  The  net 
I  Is  S10,6Z5.  an  aTenge  of  (2.TTI  per  year. 
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The  revenue  of  Cleveland  per  ton  of  garbage  was  given  as  $4,606,  that  of 
Ck>liimbiis  as  $4,051  and  that  of  Dayton,  $2,522.  Without  doubt  the  amounts 
for  Cleveland  and  Columbus  are  large  because  of  the  prevailing  high  prices. 
The  revenue  from  Dayton  is  small  probably  because  the  plant  has  recently 
begun  operations.  It  will  be  long,  however,  before  prices  drop  to  their  former 
amounts. 

RediuUion  in  Columbtu.  Ohio. — Because  the  Columbus  plant  has  beeji  so 
successful,  the  following  data  have  been  taken  from  the  annual  report  of  the 
disposal  plant: 

Actual  Cost  of  Opkbation 

— For  the  year Per  ton  garbace- 

1915  1016  1016  1916 

Supervision $5,201  $3,000  $0,227  $0,137 

Clerk  hire 656       030 

Foremen 2,349       .107 

Foremen  included  in  supervision  of 
1015. 

Firemen 2.638  2,970  .115  .136 

Operators 4.592  4,248  .200  194 

Ordinary  labor 11,223  13,123  .400  .600 

Office  supplies 122       007 

Fuel 7,021  9,145  .306  [418 

Clothing 60       .  003 

Mechamcal  supplies 1,212  795  .053  [030 

Motor  vehicle 256       |oi2 

Chemical  supplies 2,485  3,063  .108  !l40 

Other  supplies 493       *  Q23 

Traveling  expense 3       ]  QOO 

Telephone  and  telegraph * . .  71       ]  003 

Advertising 16       ]  001 

Insurance 197  ....  ',  009 

Taxes  and  rent 55       003 

Light  and  power 1 ,364  1 ,686  .060  *077 

Other  service 298  312  .013  .014 

Maintenance  buildings 3       .000 

Maintenance  railway  tracks 10       '.OOI 

Maintenance  equip.,  labor 2,455  2,059  .107  !o94 

Maintenance  equip.,  material 4,689  3,555  .201  .  163 

Maintenance  motor  vehicle 161       .007 

Other  maintenance 4       .  000 

Office  expenses 316     .014  ..    . 

Transportation 501     .022       

Miscellaneous 550     .024     


Total $44,453    $48,423       $1,940       $2,216 


Actual  Production 

(Receipts  corrected  from  inventories) 

-For  the  year Per  ton  garbage- 


1915  1916  1915  1916 

Grease  Gbe.) 1,014.572  1.344.789  44.28  61.52 

Tankage  Obs.) 4.596.140  4.506.640  200.62  206.14 

Hides  (No.) 220  156  

Grease  (value) $38,048.57  $69,451.53  $     1.661  $    3.177 

Tankage  (value) 16,081.86  17,672.12  .702  .808 

Hides  (value) 1,233.56  1,440.42  .064  .066 

$55,363.99  $88,564.07  $2,417  $4,051 
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IS  Cost 

Qg»7- 

uction    building,    green    gar- 

!n  building,  gasoline  storage, 

fice  and  one-half  of  stable. ...  $  71,177 

olator  building 10,218 

chimney 4 ,  600 

ors,     roller     presses,     grease 

rating    and     storage     tanks, 

well,    screw     press,     liquor 

ige  tank 36 ,  615 

ing  hoppers,  jet  condensers ...  1 ,  000 

and  equipment 12, 650 

rators 9.400 

and  stokers 7 ,  615 

iTors  and  elevators 12 ,  556 

itor,   vaporizing   tanks,    con- 

er 6,030 

le  storage  tanks 1 ,  045 

*ced  concrete  condenser  tank .  946 

i  and  switchboard 2,903 

feed  pumps 574 

Diler  flue 373 

jed  water  heater 944 

supply  pump 1 ,  317 

(Placement    pumping    equip- 

4,046 

les 5,852 

age  tanks 172 

d  track  scales 987 

d  track  trestles 5,182 

Eineous  new  equipment  pur- 
d  from  operating  fund: 

1911 4,516 

1912 1,426 

1913 734 

1914 1,416 


Total  and  averages $204 ,  309 

iring  and  miscellaneous 32,571 


Est.  life, 
yrs. 


50 
50 
30 


15 
10 
15 
8 
12 
15 

12 
20 
20 
30 
20 
12 
12 


20 
15 
20 
20 


15 
15 
15 
15 


19H 


Annual 
per  cent 
deprec. 


2 
2 

3H 


10 
6^ 

12K 
8H 
6H 

8H 

5 

5 

3H 
6 

SH 
8H 


5 

5 
5 


6H 

en 

en 


4.98 


Value, 
1914 


$  64,771 
9,605 
3,910 


25,631 
550 
8.855 
4.112 
4,759 
8.789 

4,522 
888 
927 

2,467 
444 
233 
500 
300 

1,000 

4,535 

120 

764 

4,024 


3,462 

1,189 

660 

1,368 

$158,484 
25,265 


$236,880    $183,749 

.  used  any  more.  Value  based  on  what  could  be  secured  for  them  if  sold 
id-hand  machinery. 

charge  for  depreciation  at  4.98  per  cent $11 ,796 

charges  for  interest  on  bonds  at  4  per  cent 9 ,  475 

fixed  charges  at  8.98  per  cent .* $21 ,  271 

cipcU  vs.  Private  Operation  of  Redttction  Plants. — The  majority  of  reduc- 
nts  are  owned  and  operated  privately  and  dispose  of  garbage  under 
t  with  the  city.     The  arrangement  in  22  cities  was  as  follows  in  1906: 


rk 

Iti 

fton 

re 

gh 

dford 

acisco 

>oli8 


-Private- 


Rochester 
Utica 
Detroit 
St.  Louia 
Bridgeport 
Boston 
Newark 
Los  Angeles 


Munioipa} — 

Schenectady 

Columbus 

Cleveland 

Dayton 

Chicago 
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Only  two  cities  that  dispose  of  their  garbage  under  contract  with  a  concern 
employing  the  reduction  method  report  any  revenue  in  return  for  the  privilege. 
These  cities  are  Los  Angeles  and  New  York.  The  reduction  company  in 
Los  Angeles  pays  the  city  $0.51  per  ton.  New  York  receives  $112,500  a  year. 
It  is  to  be  noted  that  Los  Angeles  also  reports  that  it  received  $1.00  per  ton 
from  fanners  for  garbage  delivered  for  feeding  to  hogs. 

Feeding  to  Swine 

Cities  Using  This  Method. — ^According  to  the  New  York  report,  34  out  of 
112  cities  were  employing  this  method  in  1915.  According  to  the  Municipal 
Journal  the  following  cities  of  from  100,000  to  300,000  population  employ  the 
methods  named: 

Feeding  to  pigs Albany,  Cambrid|;e,  Denver,  Grand  Rapids 

Hartford,  Providence. 
Reduction Bridgeport,  Columbus,  Dajrton,  Indianapolit. 

Rochester. 

Incineration Portland,  Ore.;  Reading,  Trenton,  Paterson. 

Dumping  at  sea Oaidand.'Cal. 

Turning  Oarbage  Over  to  Private  Pig  Farms. — ^A  city  may  turn  its  Sftrbage 
over  to  farmers — ^for  nothing  or  for  a  remuneration — to  feed  to  pigs,  or  it  may 
operate  its  own  pig  farm.  The  majority  of  cities  feeding  their  garbage  to 
pigs  do  so  under  the  former  arrangement.  A  few  cities,  including  Woicester, 
Taunton,  Brockton  and  New  Haven,  operate  their  own  hog  farms. 

Revenue  from  Turning  Oarbage  Over  to  Private  Farms. — Many  cities  not  only 
dispose  of  their  garbage  at  no  cost  by  the  use  of  this  method  but  also  make  it 
the  source  of  a  large  amount  of  revenue.  The  following  reee4>ts  are  r^x>rted 
for  the  cities  named: 

Grand  RapidB,  Mich 45  ct.  per  ton $  4 ,450 

Denver,  Cfolo Gets  its  collection  and  disposal  for 

nothing 

Cainbridge,  Mass 70  ct.  per  od.  ft 17,382 

Colorado  Springs,  Colo Gets  its  collection  and  disposal  for 

nothing,  and 1 ,440 

Salem,  Mass •2.651 

Somerville.  Mass 50  ct.  per  od.  ft 

Lawrence,  Mass $1 . 25  per  load f  8,865 

Lowell,  Mass $1 .  25  per  load 5 .  405 

St.  Paul,  Minn 80  ct.  per  ton 

Los  Angeles,  Cal $1  per  ton 

Springfield,  Mass Average  per  year,  1907-1911 . .  . .       4,262 

*  $13,255  in  3  yrs.     t  Estimated. 

Many  cities  receive  no  revenue  from  garbage  so  disposed  of.  Thus,  the 
revenue  from  this  method  of  disposal  varies  from  nothing  in  many  cities  to 
$17,400  in  Cambridge.  However,  Denver,  with  a  population  of  265,000, 
has  its  21,600  tons  of  garbage  collected  as  well  as  disposed  of  by  a  hog  growers' 
association:  and  Colorado  Springs  has  its  garbage  collected  and  disposed  of  by 
hog  growers  and  receives  in  addition  $1,440.  Assuming  that  the  cost  of 
collection  in  these  cities  was  $0.30  per  capita,  which  was  two-thirds  the  per 
capita  cost  of  collection  reported  in  1915  by  59  cities,  the  city  of  Denver 
saved  $64,500  in  1916  and  Colorado  Springs  saved  $9,600  plus  the  $1,440 
actually  received. 

Feeding  Oarbage  on  Municipal  Hog  Farms. — Worcester,  Brockton  and  New 
Haven  are  among  the  cities  that  operate  farms  where  they  feed  city  garbage  to 
pigs. 


OARBAOE  DIfiPORAL 

New  Haven  rejiorts  [hat  ilurlns  IQIS  the  departmea 

»  fforbBge  c»llected  frviii  52.100  ol 

im  the  sale  of  pork. 

BrocktoQ  paid  S29.953  for  tbe  coUectlon  of  tli  gatbi^  and  the  operatlt 

na  pig  turn.    It  received  tl5.7SI  from  the  sale  of  swine  and  at  Butaig 

11.4.  It  both  collected  and  dlapoBcd  of  Its  Bajiase  at  a  cost  to  the  citj  i 

Prom  Dec.  I,  ISIO.  to  Ma;  31.  1917.  tbe  dt;  of  Worcester  has  diqHMKi  < 

^rbage  at  an  ^proximate  coat  of  (7,S00  and  has  received  over  (21.00 
ese  figures  were  gtren  b;  the  superlDtendent  In  charge  of  the  hog  fun 

also  estimated  that  chirtnK  the  year  bestonlns  Dec.  I,  1916,  tbe  dty  w: 
nd  118,000  on  account  of  the  pl^  farm  utd  reeelTe  tsO.OOO  from  the  sa 
iroducts.  thus  making  a  proSt  of  Ofi.OOO  on  the  disposal  of  garbage. 
'ni'ltol  Intatmtnt. — The  piobable  coat  of  establMdng-  today  a  piggei 
alar  to  that  at  Woroealer  was  given  as  firilows  b;  Dr.  J 

of  the  Worcester  Potyteclmlc  Institute: 


Bdldiugs 80,000 

•109.700 
'his  means  that  aa  investment  id  S6,486  per  daily  ton  would  be  required  I 
ibUsb  the  plant  capable  of  ilisposiog  of  a  dally  producllon  of  20  tons  Th 
a  not  Include  the  coet  of  lanil  which  should  run  from  (5,000  to  tlO.OO 
.  A.  Greeley,  a  aaaitary  engineer,  of  Chicago.  111.,  suhmltled  in  1918  It 
□wing  estimate  of  coat  of  establlahlng  a  bog  farm  to  handle  an  average  dai. 
ductloa  ol  60  tons: 


sSidii^  .Dd  oib;,  wuot^^:    , :    :  : 

'SS, 

%  190,000 

ott  0/  Opwoiton.— Tbe  coat  of  operntioQ  per  ye 

Worcester: 

1 

iiTooo 

t  this  Tate  to  dispose  of  an  average  of  20  tons  per  day  or  7,300  tons  pi 
,  the  coat  per  ton  of  garbage  would  be  (2.05.  The  cost  reported  b 
^ley  was  at  the  rate  of  11,98  per  ton. 

ntnue  {torn  Fiidina, — Tbe  revenue  from  tbe  Worcester  Pig  Farm  is  est 
id  at  $60,000  for  1916,     Thials  at  the  rate  of  Sfl.8,?  per  ton  of  garbage. 
reeley  estimated  the  yearly  revenue  from  a  60-ton  per  day  plant  al  (80 

mis  would  make  the  revenue  per  year  per  ton  of  garbage  (3,85. 
le  revenue  at  Worcester  is  estimated  on  the  basis  of  present  prices;  the 
reeley  on  prices  last  year.     A  fair  estimate  should  be  (3,75  per  ton. 
aeration  ol  Giibige  Pinery  al  Grand  Rapids,  Micb. — The  followin 
-act,  of  a  paper  read  before  the  lnl2  ronvention  of  the  Michigan  Heall 
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Officers  by  T.  M.  Koon*  M.  D.,  a  member  of  the  State  Board  of  Health,  was 
published  in  Engineering  and  Contracting,  Sept.  18,  1912. 

After  the  garbage  is  collected  and  loaded  on  cars  by  the  city,  the  contractor 
ships  the  garbage  to  his  farm.  The  farm,  which  contains  about  100  acres, 
is  located  about  three  miles  out  of  the  city,  and  lies  adjacent  to  the  Pere 
Marquette  Railway.  The  soil  is  sandy  and  well  drained.  There  are  about 
40  buildings  on  the  farm,  including  the  farm  house,  horse  bam,  office  buildinfTt 
boiler  room,  garbage  kitchen,  employes'  restaurant,  feeding  houses,  and  far- 
rowing houses. 

The  boiler  room  is  34  X  36  ft.  in  plan.  The  garbage  kitchen  adjoins  the 
boiler  room  and  is  64  X  40  ft.  in  plan.  There  are  three  cooking  pans  in  this 
kitchen  24  ft.  long,  6  ft.  wide  and  3  ft.  deep,  and  three  cooking  pans  30  ft.  long, 
6  ft.  wide,  and  4:  ft.  deep.  This:  kitchen  is  devoted  to  cooking  garbage  and 
meal  for  feeding  the  hogs.  The  garbage  from  the  entire  city  is  not  sufficient 
to  feed  the  7,000  to  9,000  hogs  kept  here,  so  $1,000  worth  al  com  is  fed  each 
week.  The  next  building  is  the  restaurant  where  the  20  employes  are  fed. 
There  are  three  farrowing  houses,  each  336  ft.  long  by  30  ft.  wide.  These 
buildings  have  cement  floors  and  troughs,  water  throughout  and  are  steam 
heated.  These  houses  shelter  1,200  brood  sows,  each  having  a  separate  stall; 
40  sows  bring  forth  a  litter  of  pigs  each  week,  over  10,000  being  bom  each 
year.  There  is  another  building  234  ft.  long  by  56  ft.  wide.  There  are  over 
100  breeding  pens  with  a  yard  for  each.  There  are  two  buildings  100  ft. 
long  by  20  ft.  wide.  They  have  cement  floors  and  troughs.  These  building 
are  called  the  restaurants.  Here  the  hogs  are  fed  cooked  com  meal  whUe 
being  fattened  for  market.  A  small  railroad  runs  throughout  the  grounds  and 
buildii^s  to  carry  the  garbage  and  com  meal  to  the  swine.  The  granary, 
numerous  yards  and  ranges  and  the  reservoirs  for  storing  water  to  supply  the 
buildings,  complete  the  piggery.  Everything  is  well  kept  and  orderly.  Here 
all  the  garbage  from  the  city  of  Grand  Rapids  is  disposed  of.  From  this  place 
200  hogs  are  shipped  to  market  each  week.  Over  10,000  fattened  hogs  are 
turned  out  each  year.     The  value  of  this  output  is  about  $  135,000  a  year. 

It  has  been  only  a  few  years  that  so  many  hogs  could  be  kept  safely  on 
account  of  the  liability  of  the  herd  becoming  infected  with  cholera  alQd 
destroyed.  Therefore  this  method  of  garbage  disposal  was  very  hazardous  as 
a  money  making  undertaking.  Now  that  it  is  possible  to  immunize  against 
hog  cholera,  this  danger  is  obviated.  All  of  the  pigs  at  this  place  are  immun- 
ized while  nursing,  so  there  is  no  danger  of  the  herd  being  destroyed  with  hog 
cholera. 

More  recent  information  in  regard  to  the  disposal  of  the  garbage  of  Grand 
Rapids  was  given  in  the  Conference  of  the  Federal  Food  Administration  held 
in  Chicago,  Dec.  7,  1917.  The  following  is  given  in  a  report  of  the  conference 
published  in  Engineering  News-Record,  Dec.  27,  1917. 

The  garbage  of  Grand  Rapids  is  collected  and  loaded  on  cars  by  the  city. 
Alvah  H.  Brown  ships  it  every  day  27  miles  to  his  80-acre  farm  in  an  isolated 
section,  located  on  sandy  soil.  He  pays  45cts.  per  ton  for  freight  and  25cts.  to 
the  city.  He  feeds  inside  a  long  building,  on  concrete  platforms,  onto  which 
garbage  is  dumped  directly  from  the  cars.  Glass  from  electric-light  bulbs  are 
the  worst  "foreign"  matter  in  garbage.  Sheep  and  cattle  have  also  been  fed 
garbage  in  winter,  but  not  in  summer.  Corn  silage  is  fed  on  S)mdays  and  a 
cheap  "fire  sale"  grain  is  usually  part  of  the  bill  of  fare. 

Mr.  Brown  believes  that  hogs  could  be  fed  without  nuisance  in  a  building 
within  the  city  limits  if  proper  attention  were  given  to  ventilation.     One  t<m 
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I  feed  100  pigs.  He  enipk^  12  men  to  care  for  6,000  hogs.  Hotel  garbage 
rorth  ten  times  as  much  as  hous^old  garbage,  in  his  estimation.  Cooking 
lot  desirable,  as  it  reduces  the  garbage  to  a  sk^  in  which  the  pig  gets  no 
nee  to  discard  grapefruit  and  things  which  do  not  agree  with  his  digestion^ 

feeders  agreed  that  cooking  is  a  mistake  for  household  garbage.  For 
el  wastes,  rich  in  recoverable  fats,  it  is  practical.    Mr.  Brown  gets  daily 

lb.  Off  bones  worth  Ic.  a  pound.    In  October  1,015  tons  of  garbage  were 

>peration  of  Garbage  Piggery  at  Woreester,  Mass.— The  following  data 
from  an  article  by  Prof.  Frederic  Bonnet,  Jr.  of  Worcester  Polsrtechnic 
titute,  publislied  in  Engineering  News-Record,  Aug.  30.  1917. 
Worcester  is  one  of  the  old  and  well  established  cities  of  New  England  with 
[>pulation  of  about  175,000.  It  is  an  industrial  city  with  many  diversifled 
iistries  but  with  no  unusual  diaracteristlcs.  Its  tonUga  populsttoo, 
9rding  to  the  census  1910,  is  only  33.5%. 

Q  1872  dKspulation  44,000)  the  superintendent  of  the  municipal  poor  farm 
an  sending  a  wagon  into  the  city  now  and  th^i  to  collect  enough  garbage 
eed  the  pigs.  The  work  developed  with  the  growth  of  the  city  until  today 
ut  70%  of  the  garbage  of  Worcester  (20  to  30  tons  per  day)  is  taken  to  the 
ne  Farm  and  ted  to  2,000  to  3,000  pigs.  The  garbage  disposal  has  developed 
continued  along  this  one  line  for  a  longer  time  than  has  usually  been  the 
)  in  American  municipalities.  There  has  been  a  striking  absence  of  imwise 
[  unsuccessful  experiment. 

'he  Home  Farm  proper  consists  of  876  acres  owned  by  the  city.  In  addition, 
city  leases  a  farm  of  220  acres,  at  a  rental  of  $1,500  a  year.  The  farm  is 
bted  in  the  northeastern  part  of  the  city.  To  get  to  it,  the  garbage  teams 
ling  from  the  center  of  the  city  have  to  pass  over  a  ridge  about  140  ft.  high, 
'he  city  is  divided  into  21  districts  from  which  the  garbage  is  collected 
;e  a  week  without  charge  to  the  householders  or  business  men.  There  is 
'  a  special  collection  for  the  fish  ofTal  and  rotten  eggs  from  markets  and 
imission  houses,  which  collection  is  made  daily  in  special  cans  with  tight- 
ng  covers.  ,  These  cans  are  provided  by  the  dealers.  Since  this  material 
Dt  fed  to  swine  but  is  buried,  as  described  later,  no  revenue  is  derived  from 
ad  it  is  a  direct  tax  on  the  scavenger  department  of  $1,760  per  year, 
[itherto,  most  of  the  hotel,  restaurant  and  hospital  garbage  was  privately 
3cted,  but  owing  to  the  recent  falling  off  of  the  quantity  and  quality  of  the 
>age,  more  of  this  Is  gradufilly  being  collected  by  the  city.  Some  private 
3ctors  also  obtain  the  privilege  of  collecting  in  certain  outlying  districts, 
such  collectors  must  first  obtain  a  license  from  the  Board  of  Health,  and 
is  only  given  by  the  board  after  consultation  with  the  superintendent  of 
Home  Farm,  who  includes  in  his  duties  the  supervision  of  the  scavenger 
artment,  the  sole  purpose  of  which  department  is  the  collection  and 
•osal  of  the  garbage  collected  by  the  city.  The  arrangement  with  private 
3ctors  has  not  been  wholly  satisfactoiy. 

or  the  city  collectors,  one  load  is  considered  a  day's  work.  Each  collector 
>ads  his  wagon  and  washes  it.  He  also  beds  down  his  horses  and  curries 
n.  The  feeding  is  not  done  by  the  coUectors  but  by  a  farm  employee 
^ially  assigned  to  this  task. 

he  teams  leave  the  Home  Farm  at  7  a.  m.  and  have  on  an  average  a  13- 
i  haul  dally  (max.  18;  min.  16).    It  requires  from  2  to  4  hours  to  make 
•hd.     Owing  to  the  fact  that  Worcester  has  practically  no  alleys  the  average 
;  per  house  collection  is  1.65  minutes  (max.  3.9;  min.  0.4). 
53 
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Of  2,276  hogs  sold  to  a  packing  house  only  1 1  weze  condemned  by  the  United 
Stated  GoYenunent  meat  inspectors,  an  average  of  only  0.48%,  which  is 
much  lower  than  on  hogs  shipped  in  from  the  West  to  the  same  packing 
company. 

Operaiion  of  Oarbage  Piggery, — ^The  following  description  of  tiie  operation 
applies  to  Worcester's  garbagerdisposal  plant  as  now  operated  under  the 
able  direction  of  Thomas  Home,  superintendent,  who  has  aided  the  writer  in 
the  preparation  of  this  paper.  The  garbage  as  it  comes  to  the  farm  is  neither 
washed  nor  steamed.  Washing  is  uneconomical  because  so  much  valuable 
food  material  is  washed  away  and  wasted;  it  is  unnecessary  since  no  material 
advantage  is  gained  thereby.  Ck)oking  or  steaming  the  garbage  has  been 
found  by  experience  to  be  bad  since  the  garbage  is  thereby  made  more  acid 
than  it  ordinarily  is  and  substances  are  incorporated  in  the  food  which  are 
harmful  to  the  hog  and  which  would  not  be  eaten  in  the  raw  garbage.  A  hog 
is  more  capable  of  picking  over  and  culling  garbage  than  any  man  or  machine 
can  be. 

Pigs  are  kept  with  the  sow  in  individual  pens  until  they  are  six  weeks  old, 
although  the  pigs  begin  to  eat  garbage  when  about  three  weeks  old.  Boars 
are  castrated  when  about  five  weeks  old  and  are  then  left  with  the  mother 
another  week.  The  pigs  remain  in  pens  until  they  are  about  6  months  old 
and  are  fed  from  troughs.     They  then  weigh  about  75  to  100  lb. 

Inoculation  Against  Cholera. — ^The  entire  stock  is  treated  by  the  so-called 
double-treatment  method  (virus  and  serum) .  Pigs  5  to  6  weeks  old  are  inocu- 
lated with  serum  only.  This  treatment  carried  them  for  about  7  weeks  when, 
at  a.  weight  of  about  40  to  50  lb.,  they  are  given  the  double  treatment,  virus 
and  serum.  State  veterinarians  under  the  State  Bureau  of  Animal  Industry 
do  this  work  free  of  charge,  the  department  merely  staying  for  the  serum  and 
virus  used  and  for  the  necessary  help.  The  cost  of  treatment  depends  upon 
the  size  of  the  animal  since  more  serum  is  used  the  larger  it  is. 

The  serum  costs  l^cts.  p^  c.c.  and  about  20  c.c.  are  used  for  a  40  to  50-lb. 
hog*  live  weight,  so  that  the  total  cost  of  treatment  exclusive  of  help  is  therefore 
about  70cts.  i)er  pig.  The  place  for  injection  (between  the  hind  legs)  is  scrub- 
bed with  soap  aiMi  water  containing  lysol  or  similar  disinf ectaiit  and  swabbed 
with  tincture  of  iodine  after  puncture.  Not  one  hog  in  500  is  lost  and  there 
is  no  trouble  from  ulcer  formation  if  the  inoculation  is  properly  done.  One 
veterinary  with  five  helpers  can  treat  250  pigs  of  40-  to  50-lb.  weight  in  a  day. 

To  prevent  itch  the  hogs  are  all  sprayed  about  once  in  six  weeks  with  a  mix- 
ture of  3  parts  of  kerosene  and  1  pui^  of  turpentine. 

Out-of-Door  Feeding  Platforms. — ^Af ter  six  months  the  pigs  which  have  grown 
to  shoats  are  turned  into  hog  lots  (100  pigs  to  about  3  acres)  with  out-of-door 
feeding  platforms  made  in  8  X  8-ft.  sections  of  2-in.  plank.  These  are 
mounted  on  skids  and  have  a  half  round  timber  on  two  sides  to  prevent  the 
garbage  from  being  pushed  off.  The  cost  per  section  was  $7,  with  farm  labor. 
Several  sections  are  placed  end  to  end  and  when  the  ground  around  the  plat- 
f onus  becomes  fouled  the  sections  are  skidded  to  another  location  and  the 
«  ground  at  the  former  location  plowed  up.  By  this  means  the  garbage  trampled 
into  the  ground  is  kept  from  decaying  and  producing  foul  odors.  The  plat- 
forms are  shovel  cleaned  daily  and  the  material  removed  is  composted  or  buried. 
The  hogs  are  kept  for  about  15  months,  when,  they  are  sold.  They  then 
weigh  250  to  SOO  lb.  The  last  lot  sold  (May,  1917)  brought  16.35c.  per  lb. 
on  the  hoof  or  21c.  per  lb.  dressed. 

The  sows  are  bred  by  turning  about  300  of  them  into  the  same  lot  with 
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;  30  boars  for  about  five  weeks.  This  makes  it  possible  to  control  the 
^ring  so  that  there  may  be  a  sufficient  number  of  pens.  The  first  lot 
KKl  sows  are  put  with  the  boars  from  about  Oct.  20,  until  Dec.  1.  This 
}  the  farrowing  at  the  end  at  January,  February  and  early  March.  After 
ith  or  six  weeks  a  second  lot  of  sows  are  bred  and  so  on.  During  farrow- 
nd  somethnes  during  inoculation  a  little  grain  and  middlings  are  fed. 
are  rac^  kept  more  tban  two  years  and  only  proU£to  sows  that  are  good 
irs  are  kept  for  repeated  breeding. 

and  New  Pig  Htmaea  and  Other  BuOdino** — ^Up  to  1014,  there  were  12 
mses  scattered  about  the  farm.  Seven  of  these  old  piggeries  are  shelter 
for  outside  bogs  and  have  been  torn  down  or  are  being  used  for  other 
ses.  At  present  there  are  four  pig  houses  in  use,  the  dimensions  of  which 
ven  in  Table  V,  and  two  shelter  houses.  To  provide  additional  pens  for 
pring  farrowing  100  small  portable  take-down  colony  bouBes  have  been 
Ebt  a  cost  of  $20  eadL  These  have  proven  excell^it. 
i  floors  of  all  piggeries  are  of  concrete.  At  one  end  of  each  pen  there  is  a 
ly  raised  wooden  platform  for  bedding  to  keep  the  pigs  warm  and  dry. 
^ry  No.  1  is  the  ooly  one  which  is  steam  heated  and  is  used  for  early 
ring.  It  is  a  w^-bullt  house  erected  about  25  years  ago  at  an  m>proxi- 
cost  of  $4,000. 

^ries  Nos.  5  and  6  «ie  identical  in  ooostruction  and  were  built  about  16 
ago  at  a  cost  at  about  $3,000  eaoh» 
gery  No.  11  is  the  newest,  having  been  built  in  1913  at  a  cost  of  $3,000. 


v.— -PailfCIPAL    DllCSNSIONB    or    GaRBAGB    PlOaBRISS    AT    WOROHSTBB 

HoMB  Fabm 

1  right    lleft  11  right  1  Heft 

_Beiy  BO.                      wing     wing  5          6          wing      wing 
I  dimens.,  ft.: 

gth 180         190  241.0     241.0     100.0     106.0 

Ith 19           25  30.0       30.0       20.0       20.0 

width,  ft.: 

) .,.,••••..••...              O             ...  .....        .....              O.  O             O.  O 

iter ...  6  5.0         5.0     

nber 30           76  80.0      80.0       15.0       16.0 

Ith,  ft 6             5  6.0        6.0         6.0         6.0 

gth.  ft 12           10  12.5       12.5       13.5       13.5 

ght.ft.* 8  8       

idndowst 30           38  .40.0       40.0       24.0       24.0 

cx)r8t 3             2  2.0        2.0         7.0         7.0 

ions  between  pens Wood    Wood  Wire      Wire      Wire      Wire 

& 
wire 

eight  to  ceiling,     f  3  X  3  ft.     J  4  X  6  ft. 


;  pens  are  cleaned  out  daily.  The  cleanings,  which  consist  of  pig  manure, 
uneaten  garbage  and  soiled  bedding  are  carted  away  to  the  compost 
which  is  inclosed  by  concrete  walls.  The  cleanings,  when  not  properly 
3d,  may  give  trouble  from  odor.  The  commission  already  mentioned 
mented  with  this  material  and  found  that  when  composted  in  layers 
m  equal  volume  of  dry  top  soil,  the  rotten  manure  odor  was  wholly 
yed  and  only  a  slight  musty  odor  remained  after  10  days.  The  cleanings 
lite  wet  and  unless  spread  alternately  in  fairly  thin  layers  with  dry  soil 
i3  a  much  longer  time  to  mineralize  the  odor-giving  substances.  Objec- 
>le  odors  may  be  carried  a  considerable  distance  when  uncomposted 


83fi  llA\]>IH>OK  OF  CONSTRUCTIOS  COST 

iTitttTial  1h  spn-iLrl  ciu  ihe  ground  ia  fertilliet,  wMIe  Um  ownpaiteJ  iiwIiiM 
1.  imotijiitioiialilr. 

Sliuv  t  lu-  hiul  culors  are  probibly  highly  nltrogenoui.  axajtottlng  by  nUWN 
tlIe^lv  siilHtiino's  UH'I  mlnenltzlng  thern  would  tead  to  iDcreaac  the  fartUlAi 
value  lit  (hi'  munitri'.  About  Dve  cordii  of  cleanlngii  are  produced  daflr  (I  JO 
III  I.IHIU  uuriln  |H'r  ypitr)  and  h&ve  a  value  of  about  S4  a  cord  aa  fertUlKr  it 
llu'  fiiriii.  Till-  l{uriie  Farm  has  ocver  bought  fertltlm'  In  •nj-  maMW 
((uatilily  for  lis  lurin  lunil  or  trunk  garden  and  the  scsvenieT  depannMal  bm 
iK'ViT  Im'n  rr>'r]itiiL  nlth  the  tbIuo  of  the  pig  manure  tram  the  plggeriH. 
'I'liiTP  an'  two  l■a^■lukCTll  in  each  pinirery  txrtjit  No.  11,  whldi  bu  aw. 
( me  rari'takiT  run  care  tor  about  ZfiO  to  300  pigs  a  dap— toed  them,  bed  Itao. 

iiiit-lh-r  Il.yi'  Imprnrt  TU  Parn.— The  out-dooT  bog!  are  utillmilii  dMD- 
iiii:  I'll  llx'  KTriili  fnim  wasle  laud  and  Improving  It.  They  chew  and  rlpgfl 
Mil'  iNirk  iif  iinirlii'ally  all  declJuouH  trvcs  and  IhuH  kill  them  but  conifenui 
tnii  aTi'  nut  tiiiii  lied.  After  Ft>pwlng  and  utrlppbig  Ibe  bark  they  bufru* 
ariiuriil  Ibu  r<Hit-..  I'lifW  Uilx  bark  and  uproot  the  smaller  atumpa.  In  a 
n-mark:il>Ly  -iinrt  linie  (about  two  aeaHonH)  ttie  WTub  dlsappeara  and  only 
flu-  lureiT  pliiiiip^  miut  be  pulleil  out  before  plowing  la  powlble.  Moat  id 
till-  di'unil  liiml  lit  the  Itotne  Panu  hiLi  thiu  iHH'n  cleared  and  made  iDtoa 
xi-ry  [<ri-|iii'ni.i'  Hirui.  Hog  erowen  claim  and  It  has  bu<n  the  experience  ai 
Wi>r<i<~l-  r  II  .'I   ••■■'■li  rfnilt  acts  soinewliat  us  a  tonic  for  tbe  hoga  and  keeix 

I  .i!.l-  -  \  I  .111 !  \  II  iiiif  till-  fO-.t  (it  ciJli-rtion  and  illsipoaal  for  one  y-jf 
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ill. — C!oBT  OF  Oabbagk  Disposal  pxb  Ybab  at  Worckstkb.  Including 

Capital  Charqss 
retaken    1 

re  men       '  @  $37  per  month $  .4 ,440 

)st  man     j 

nal  occasional  help 1 ,320 


2,640 
3.040 
2,560 
1.000 
650 
2.000 


ad  bedding 

e  (serum,  virus,  disinfectants) 

superintendent,  farm  foreman,  office*, 
.neous — ^light,  heat,  water* , 

on  investment,  5  %,  buildings.  $13,000 
ock  2000  hogs,  @  $20,  $40,000 

'otal $17 ,  650 

nated.  tEstimated  that  2,000  hogs  are  a  necessary  minimum  fen*  20 
ly  capacity. 

ptember,  1915,  when  the  farm  was  restocked  after  the  hoof-and-mouth 
1.200  shoats  of  an  average  weight  under  20  lb.,  100  sows  and  5  boars 
rchaaed  for  $7,700^  AU  the  garbage  collected  was  not  consumed  by  this 
1  additional  stock  was  purchased,  which  brought  up  the  total  stock  pur- 

0  about  $10,000. 

SeptembOT,  1915,  to  January,  1917,  $16/X)0  worth  of  pork  was  sold, 

1  Jan.  1  to  June.  1917,  $21,000  worth  of  pork  was  sold.  There  is  on  hand 
resent  time  stock  valued  at  $50,200. 

rill. — YsAiOiT  Quantities  of  Qarbachc  Collxctso,  Numbbr  of  Pics 
and  Financial  Results  at  "Worcester,  1898  to  1916 


Garbage    No.  of  - 

collected      Pigs 

per  day,  on  Nov. 

cubic       30  of 

yards        each 

y^ar 


-Financial  summaries     for     each     yeai^ 


Total 
expendi- 
tures 


52.8 
52.8 
52.8 
62.8 
67.5 
57.5 
57.5 


52.5 


2,860 


1,388 
2,057 
2,167 
2.502 
1.300 


17, 
17, 
18. 
18, 
18, 
22, 
20, 
23, 
30, 
34, 
37, 
87. 
41, 
45, 
53, 
63. 
55, 
57. 


804.34 
109.00 
715.21 
935.  86 
765.  03 
140.  57 
326. 02 
515.83 
625.  49 
491.93 
475.  73 
737.  79 
039.68 
021.  74 
750.  28 
109.10 
325.62 
718.43 
680.03 


Total 
receipts 

$  7.674.02 
10.641.62 
11,947.91 
13.933.03 
18,766.99 
11,941.66 
7,327.00 
12,539.20 
19,321.00 
24,830.71 
24,321.22 
29.257.25 
43.224.25 
25.579.68 
22,863.27 
38.376.11 
38.838.67 
89.994.36 
16.692.99 


Net 
cost 

$  7,130.32 
6,467.48 
6.767.30 
5,002.83 

6^99.02 
14,999.02 
7,976.63 
4,204.49 
5,661.22 
10,154.51 
8,480.  54 

is,  642!  16 
22,887.01 
14,732.09 
14,486.95 
15,724.07 
40,987.04 


Net 
profit 


1.96 


4.184.57 


;. — Hoof-and-mouth  disease.     For  5  months  in  1915  the  garbage  was 
Farm  restocked  late  in  1915  and  early  in  1916. 

X. — Estimated  Cost  of  Garbage  Piggery  with  Capacity  of  20  to 

30  Tons  a  Day 

on  conditions  existing  at  Worcester,  Mass.     Land  not  included. 
Idings  with  a  pen  capacity  of  about  300  pens,  6  X  12  ft.,  in- 
ing  small  heating  plant  for  one  ho\ise,  water-supi^y,  drainage, 
forms  and  fencing: $30 ,  000 

wagons  and  sleds  for  disposal  work 1 ,  500 

on  hand  June.  1917: 

ine  @  $30 $88,000 

ws  @  $25 2. 500 

oats  (50-100  lb.)  @  $12 9.600 

;s  @  $5 4,500 

are  <^  $20 600     50.200 

3tal $81,700 
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The  feeding  method  is  very  plastic  and  no  part  of  the  plant  is  idle  or  running 
below  capacity  part  of  the  year.  When  the  quantity  of  garbage  bec<Nnes  leas 
hogs  are  sold  o^,  and  as  the  quantity  increases,  the  herd  increases  to  take  care 
of  it.  In  winter  there  are  about  2,000  swine  on  the  farm  and  in  summer 
3,500.  About  100  to  150  pigs,  depending  upon  size,  will  cotosume  one  ton  of 
garbage  per  day. 

*  Experience  has  shown  that  feeding  garbage  to  hogs  is  the  most  economical 
and  satisfactory  method  of  disposal  at  Worcester  and  that  it  can  be  done  in  a 
sanitary  manner  without  appreciable  odor  if  given  intelligent  care. 

At  the  conference  on  the  subject  of  wastes  disposal  held  in  Chicago,  Dec 
7,  1917  by  the  Federal  Food  Administration,  Thomas  Home  gave  the  1917 
figures  of  operation  for  the  year  ended  Nov.  30  as  follows: 

There  was  sold  $51,800  worth  of  pork  raised  on  6,501.4  tons  of  garbage. 
The  cost  (after  collection)  at  the  farm  was  $2.30  per  ton,  leaving  a  net  pork 
value  of  $5.66  per  ton  for  the  garbage  delivered  at  the  farm.  Mr.  Home 
values  the  equipment  at  $67,000,  itemized  as  of  Nov.  80,  as  foUows:  40  acres 
land,  at  $100,  $4,000;  buQdingsand  platforms,  $20,000;  2^096  hogs,  $42,000; 
miscellaneous,  $1,000. 

Cost  and  Operating  Data  of  High-Temperature  Refuse  Incinerators. — ^The 
following  data  are  given  by  Samuel  A.  Greely  in  an  article  published  in 
Engineering  News,  Aug.  26,  1909. 

Coat  of  Incinerates. — The  data  presented  in  Tables  X  and  XI  aie  taken " 
from  a  paper  by  J.  T.  Fetherston,  read  before  the  American  Society  of  Civil 
Engineers,  December,  1907;  from  the  "Minutes  of  Evidence,"  Vol.  6,  1906. 
of  the  Royal  Commission  on  Sewage  Disposal,  and  from  "  Refuse  Disposal  and 
Power  Productl<m,"  by  W.  Francis  Goodrich.  The  individual  results  differ 
widely  and  show  how  local  conditions  affect  the  cost  of  construction.  There 
may  be  conditions  for  which  a  top-charged  plant  is  the  more  economical. 
In  general,  however,  the  results  point  to  the  fact  that  the  top-charged  In- 
cinerators cost  about  10%  more  than  bottom-charged  incinerators. 

A  mechanical-charging  device  fitted  to  a  toinfed  plant  is  an  added  element 
of  cost.  The  incinerator  at  Newcastle,  fitted  with  the  Horsfall  tub-feed,  cost 
about  $48,000,  and  has  a  rated  capacity  of  67  tons;  which  gives  a  cost  per  ton 
of  about  $715.  At  Greenock,  the  incinerator,  with  Horsfall  tub-feed,  cost 
$95,000,  and  has  a  rated  capacity  of  120  tons,  giving  a  cost  per  ton  of  $790. 
The  cost  of  the  mechanically-charged  plant  at  Leeds  was  only  $376  per.  ton; 
but  this  plant  was  built  adjacent  to  an  old  hand-charged  incinerator  where  it 
was  possible  to  use  the  flues,  boilers  and  chimney  of  the  old  plant.  Mr. 
George  Watson,  of  the  Horsfall  Co.,  figures  roughly  on  $17,000  as  the  cost  per 
cell  of  a  tub-fed  incinerator.  This,  on  a  basis  of  26  tons  per  cell  per  day,  as 
at  Leeds,  gives  a  cost  per  ton  of  about  $650.  These  figures  indicate  that  a 
mechanically-charged  incinerator  may  cost  in  the  neighborhood  of  $650  to 
$700  per  ton  imder  conditions  which  would  require  an  expenditure  of  about 
$550  per  ton  for  the  hand-fired  bottom-charged  plants.  This  difference,  at 
5%  annual  interest  and  310  working  days  per  year,  reduces  to  about  2  cts.  per 
ton.  The  figures  given  for  the  cost  of  construction  are  for  the  whole  plant, 
including  cells,  building,  chimney,  runway,  crane  and  hopper;  but  do  not 
include  land  or  any  adjacent  electric  plants,  sewage-pumping  stations,  etc. 

Operation. — Data  showing  the  force  required  to  operate  the  different  types 
of  plants  and  the  cost  of  repairs  have  been  obtained  and  are  presented  in 
Tables  XII  and  XIII,  which  follow.  Table  XII,  hand^^iarged  incinera- 
tors, gives  the  tons  of  refuse  which  can  be  handled  per  man  per  hour.     All  of 
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Tablb  XII. — ^Labob  Rjdqvibbd  in  thb  Opbbation  or  Hakd-Crabobo 

Inoinbbatobs 

Top  charged      No.  <^        Tons  of 
or  bottom-      men  per     2.000  lbs.      Toda  oer 
Plant  charged  shift  burned  man-nr. 

Accrington top  5  40  0. 34 

Saltley top  3  60  0.83 

Seattle bottom  4  60  0.63 

Vancouver bottom  2  50  1 .  00 

Watford bottom  2  30  0. 63 

Wevtmount top  3  30  0.42 

Wood  Green bottom  2  35  0. 73 

Zurich top  10  160  0.67 

Tablb  XIII. — Labob  Rbquibbd  in  the  Opbbation  of  MBCHAi>ncAXX.T-CHABOED 

Incinbbatobs 

Tons  of  2.000 
No.  of  men    lbs.  burned  Tons  per 

Plant  per  shift  per  day  man-hour 

Greenock 4  110  1 .  14 

Hamburg  experimental  plant 2  60  1 .  25 

Kiel 8  125  0. 66 

Leeds 2  53.5  1.12 

Newcastle 3  60  0. 83 

Wiesbaden 5  110  0.90 

Average 0. 98 

the  hand-fired  plants  are  gToui>ed  together  and  averaged  for  comparison  with 
the  mechanically-charged  plants.  There  is  no  great  difference  in  this  respect 
between  the  hand-flred  bottom  charged  plants  and  the  hand-fired  top-charged 
plants. 

Actual  quantities  of  refuse  burned,  instead  of  rated  capacitieB,  aie  used  In 
reducing  the  results  to  a  man-hour  basis. 

Omitting  Accrington,  which  has  a  close,  poorly  ventilated  dinkering  room 
where  ciinkering  is  hot  and  heavy  work,  and  Westmount,  where  the  plant  is 
working  considerably  below  the  rated  capacity,  the  average  output  in  tons  per 
man-hour  is  0.75.  Including  all  the  plants  the  average  is  0.66  ton  per 
man-hour. 

Mr.  Fetherston  siuns  up  his  study  of  27  plants,  only  one  of  which  was 
mechanically  charged  by  saying  "each  man  employed  would  handle  0.88 
short  ton  per  bour.  At  an  easy  rate  of  working  there  should  be  no  trouble 
in  destroying  0.75  ton  per  man  per  hour." 

These  tables  indicate  that  with  a  mechanical  charging  device  about  H  ol 
a  ton  more  per  man  per  hour  can  be  handled  than  without  it.  Assuming 
25  cts.  an  hour  for  labor,  this  difference  amounts  to  5  cts.  per  ton  in  favor  of 
the  mechanically-charged  incinerators.  For  plants  fitted  with  the  Horsfall 
tub-feed  this  may  be  slightly  greater. 

The  cost  of  repairs  for  incinerators  varies  considerably  from  year  to  year  and 
no  very  definite  results  can  be  expected.  The, mechanically-charged  plants 
have  most  of  them  been  built  within  ^  the  last  two  years  and  there  are  very 
few  data  on  cost  of  repairs.  The  plants  were  groui>ed  in  Tables  XIV  and 
XV  according  to  whether  they  are  bottom-charged  or  top-charged,  because  top 
charging  in  general  is  harder  on  the  grate  and  hearth  and  because  the  to'p- 
charged  plants  are  more  nearly  analogous  to  the  mechanically-charged  planti. 
The  costs  given  in  the  tables  are  taken  from  the  testimony  of  Mr.  W.  P. 
Goodrich  before  the  Royal  Commission  on  Sewage  Disposal,  from  Mr.  Fethers- 
ton's  paper,  or  were  furnished  by  Mr.  H.  Norman  Leaske,  of  Manchester. 
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EngUuui.  A  few  of  them  were  taken  from  English  [)unii)hlet8  on  refuse 
incineration. 

On  a  baais  of  310  worldng  days  in  a  year,  these  avera^ie  resuits  reduce  to 
about  0.5-ct.  per  ton  for  repairs  for  the  bottom-charged  plants  and  2.6  cts. 
|ier  ton  for  hand-flred  top-charged  plants,  a  balance  of  2  cts.  per  ton  in  favor 
of  tbe  bottom-charged  incinerator. 

For  the  mechanically-charged  plant  at  Leeds,  now  in  its  fifth  year  and 
burning  53.6  tons  per  day,  the  repairs  for  the  jrear  1908  amounted  to  $00,  or 
about  91.68  per  ton  per  year,  which  is  equivalent  to  0.64  cts.  per  ton  of  refuse 
burned. 

Table    XIV. — Approximate    Cost   or    Rbpaibs    for    Bottom-Charged 

Incinerators 

Tons  of  2,000 

lbs.  burned,  Cost  of  repairs  per  year 

Plant  per  day  Total  Per  ton 

Aldeiahot 13  t    0.00  SO. 07 

Birmingham 37  40.00  1.08 

Burslem 40  7.00  .17 

Gosport 33  243.00  7.38 

Grays 12  26.00  2.08 

Hereford 12  21.00  1.75 

Levcnshulme 60  8.00  .16 

Lytham 13  6.00  .88 

Manchester 60  122.60  2.06 

RadcUife 39  86.00  2.18 

Sheemess 14  14.00  1.00 

Watford 30  60.00  1.67 

Weymouth 20  8.40  .42 

Worthing 21  32.00  1.62 

Wrexham 33  21.00  .64 

Average f  1 .  50 

Tabui  XV.---Approximatb  Cost  op  Repairs  por  Top-Charqed  Incinbrators 

Refuse 
burned,  tons 

of  2,000  lbs.  Cost  of  repairs  per  year 

Plant                                                            daily  Total  Per  ton 

Belfsst 90  $490.00  $6.46 

Bolton 60  68.00  1.36 

Cambridge 29  290.00  10.00 

Fulham 118  14.80  12.60 

Haekney 142  22.60  16.80 

Leamington 39  73.00  1.87 

Rotherham • 56  315.00  5.62 

Royton 16  146.00  9.16 

Southampton 45  340. 00  7 .  56 

Average $  7.90 

Mr.  Greeley  gave  tables  showing  that  the  annual  saving  in  coal,  due  to  the 
use  of  steam  generated  from  incinerators  is  greater  in  the  bottom-charged 
than  In  the  top-charged  type,  the  average  saving  being  3 1 . 1  cts.  for  the  bottom- 
charged  and  15.5  cts.  for  the  top-charged  incinerators  for  each  ton  of  refuse 
burned.  This  saving  will  depend  upon  a  number  of  conditions  among  which 
are  the  use  made  of  the  steam  generated  and  the  quality  of  the  refuse  burned. 

Tables  XVI  and  XVII  indicate  the  extent  to  which  the  useful  heat  energy 
returned  is  influenced  by  the  method  of  charging. 

Mr.  W.  F.  Goodrich,  in  his  book  entitled  "  Refuse  Disposal  and  Power  Pro- 
duction," presents  a  table  showing  the  number  of  electrical  unitA  ^tket%\j^ 
j)Br  ton  oi  return  dffitroyed  at  twenty  combined  eleclTVcVly  and  AftsXTVkfcVst 
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works.  If  the  top-charged  and  bottom-charged  plants  listed  in  these  tables 
be  averaged  separately,  the  results  would  show  an  output  of  30  kw.-hrs.  per 
short  ton  for  the  top-charged  incinerators  as  against  40  kw.-hrs.  per  short 
ton  for  the  bottom-charged  incinerators. 

These  results  have  been  bettered  considerably  in  more  recent  installaticms. 
Tests  made  on  the  top-charged  plants  at  Bradford  and  Hackney  and  on  the 
mechanically-charged  plant  at  Greenock  developed  60,  50,  and  80  kw.-hrs. 
per  short  ton  of  refuse  burned  respectively,  the  average  being  63.3  kw.-hrs. 
per  ton.  The  bottom-charged  incinerators  at  Stoke-updn-Trent,  Woolwich, 
Preston,  and  St.  Albans  developed,  on  tests,  97,  90,  90,  and  92  kw.-hrs.  per 
ton  respectively,  the  average  being  about  92  kw.-hrs. 

Table   XVI. — Evaporattvb   Results   Obtained   in  Tests  op  Hand-Fired, 

Top-Charged    Incinerators 

Pounds  of 
water  evaporated 
Date  of        per  pound  of  refuse 
Plant  erection        from  and  at  212**  F. 

Accrington 1900  1 .39 

Ashton  on  Lyne 1901  .  78 

Birmingham  (Montague  St.) 1879  1 . 56 

Bradford  (Humerton  St.) 1898  1 .25 

Bury 1901  .94 

Canterbury 1899  1 .  64 

Fleetwood 1900  1 .  19 

Fulham 1901  1.30 

Hackney. 1902  1.42 

Llandudno 1898  .86 

St.  Helens 1899  1.54 

Shoreditch 1897  .96 

Saltley 1 .  82 

West  Hartlepool 1901  1 .25 

Wandsworth 1897  1 .24 

Westmount 1899  1.36 

Average 1 .  27 

Table    XVII. — Evaporative    Results    Obtained    in    Tests  of  Bottom- 
Charged  Incinerators 

Pounds  of 
water  evaporated 
Date  of  per  lb.  of  refuse 

Plants  erection        from  and  at  212**  F. 

Ayer 1903  1.58 

Burnley 1902  2.00 

Burslem 1889  2.16 

Darwen 1899  1.48 

Ecdes 1904  1 .  35 

Grays 1901  1.22 

Gloucester 1902  1 .  74 

Kings  Norton ....  2.63 

Hereford 1897  1 .67 

Lancaster 1901  1 .  63 

Mansfield 1903  1.80 

Nelson 1900  1 .77 

Northampton 1903  1 .  32 

Preston 1903  1.70 

Rathmines ....  1 .  78 

Rochdale 1894  1 .81 

Salesbury ; 1902  1.23 

Seattle 1907  1 . 

Watford 1903  1 .56 

West  New  Brighton 1908  1.82 

Average 1 .  67 
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Mr.  Greeley  summarized  the  vmrious  points  as  follows: 

1.  CleanUness:  Mechanical  charging  offers  the  greatest  opportunity  for 
deanlinesB.  within  and  about  the  plant,  of  any  type  of  incinerator  and  causes 
no  more  nuisance  to  the  community. 

2.  CkHistruction:  A  mechanically-charged  incinerator,  other  things  being 
equal,  will  cost  about  $125  per  ton  of  rated  capacity  more  than  a  bottom- 
charged  incinerator.  This  is  equivalent  to  a  difference  of  about  2  cts.  per  ton 
of  refuse  burned. 

3.  Operation:  By  using  a  mechanical-charging  device,  about  one-fifth 
of  a  ton  of  refuse  per  man-hour  can  be  handled  more  than  with  hand  firing  in 
bottom-charged  incinerators.  This  is  equivalent  to  about  5  cts.  per  ton  of 
refuse  burned.  A  mechanically-charged  plant  may  cost  from  1  to  2  cts.  more 
per  ton  for  repairs  than  the  bottom-charged  plant. 

4.  Value  of  Output:  There  is  little  difference  in  the  value  of  the  clinker 
from  the  different  types  of  incinerators.  The  useful  heat  energy  from  the 
hand-fired  bottom-charged  plants  is  worth  from  13  to  15  cts.  per  ton  of  refuse 
burned  more  than  the  useful  heat  energy  from  mechanically-charged 
incinerators. 

Within  the  range  of  capacities  of  the  plants  investigated  (say  up  to  100 
tons  daily  capacity)  and  in  communities  where  steam  has  a  distinct  value,  the 
evidence  presented  indicates  that  hand-fired  bottom-charged  incinerators  are 
the  most  economical  type.  In  communities  where  steam  raising  is  not  of 
prime  importance,  or  where  power  cannot  be  readily  marketed,  mechanical 
charging  has  many  advantages.  Some  of  these  cannot  be  expressed  in  terms 
of  money  value.  Thus  for  each  community,  the  controlling  factors  must  be 
determined  and  the  t3rpe  of  incinerator  best  adapted  to  these  conditions  must 
be  selected. 

Cost  of  CoUectinff  and  Incinerattng  Oarbage  at  Racine,  Wis. — The  following 
information  is  taken  from  an  abstract,  published  in  Engineering  and  Contract- 
ing, Sept.  15,  1915,  of  a  paper  before  the  Wisconsin  League  of  Municipalities 
by  P.  H.  Connolly. 

The  plans  and  specifications  together  with  the  use  of  all  patent  rights  in 
connection  therewith  for  the  40  ton  plant  cost  1 1.000. 

The  site  for  the  incinerator  was  purchased  by  the  city  in  April,  1912  for  the 
sum  of  $2,800.  It  is  a  strip  of  land  57  ft.  wide  and  240  ft.  long  This  site 
Is  almost  the  geographical  center  of  the  city  at  the  present  time  On  October 
28.  1912.  the  contract  for  the  construction  of  the  plant  was  awarded  the  sum 
of  $21,000. 

Dt9eripH&n  of  Plant.— -The  plant  consists  Of  an  absolutely  fireproof  building, 
two  stories  in  height.  The  foundations  and  the  lower  story  are  of  reinforced 
concrete  and  the  upper  story  is  of  brick.  The  fioors  are  reinforced  concrete, 
the  rolling  doors  and  the  window  frames  and  sashes  are  of  steel  and  the  roof  is 
of  tile  on  steel  purlins.  The  building  is  40  ft.  square.  The  entire  upper  floor 
is  used  for  a  dumping  floor,  except  a  small  space  in  one  corner  which 
Is  used  for  an  oflloe.  The  incinerator  is  on  the  lower  floor  and  consistH  of  two 
units  with  a  nominal  capacity  of  20  tons,  each,  in  10  hours.  The  stack  is 
of  radial  brick  and  is  150  ft.  in  height.  It  is  lined  with  fire  brick  for  its  entire 
height. 

Each  unit  consists  of  two  grates,  two  drying  hearths,  two  storage  bins,  two 
emergency  hoppers,  a  combustion  chamber  and  a  dust  pit.  Each  furnace 
is  also  equipped  with  a  hot  water  heater  and  a  steel  tank  f ot  *\.oiVc\%  \>wt  \vc\\. 
water,   which  Lt  used  for  washing  the  wagon.s,  stwA  ba^V-^X.^,  ^Wixs,  ^\.q.. 
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Dampers  are  arranged  so  that  the  heat  can  be  turned  cmto  the  hot  water  boUers 
or  direct  into  the  stack.  The  storage  bins  are  connected  with  the  sewer  and 
all  wet  garbage  is  dumped  into  them.  These  storage  bins  are  equi^ied  with 
mechanical  stokers,  operated  by  electric  motors  and  the  garbage  is  fed  onto 
the  drying  hearths  as  needed.  All  dead  animals  and  dry  combustible  refuse 
is  dunqied  into  the  emergency  hoppers. 

The  plant  was  completed  and  accepted  by  the  city  on  Dec.  20. 1913.  For 
some  time  previous  to  this  the  city  had  been  burning  all  garbage  that  was 
hauled  to  the  idant  but  the  city  dM  not  install  its  system  of  ooUeotion  until 
Jan.  7,  1914. 

Oarbaife  CMectxon  SyaUm. — The  ccdlection  system  at  the  start  was  an  experi- 
ment. We  did  not  know  the  amount  iA  garbage  we  would  have  to  oc^ect  nor 
the  number  of  men,  horses  and  wagons  it  would  require.  The  council  on 
July  15,  1913,  passed  an  ordinance  regulating  the  c<dlection  of  garbage  and 
placed  the  same  under  the  jurisdiction  (tf  the  Board  of  Public  Works.  This 
ordinance  provides  that  the  garbage  shall  be  collected  in  the  business  districts, 
three  times  a  week  during  the  month  of  June,  July,  August  and  September  and 
twice  a  week  during  the  balance  of  the  year;  and  in  the  residence  districts 
twice  a  week  during  June,  July,  August  and  Septmnber  and  once  a  week  the 
balance  of  the  year. 

On  Jan.  9, 1914,  we  started  ccdlecting  with  three  one-horse  wagons,  with  the 
driver  alone  on  the  wagons.  We  found  that  we  could  not  cover  the  city,  as 
provided  in  the  ordinance,  with  this  force,  so  on  January  20  we  put  a  helper  on 
each  wagon.  Tins  force  was  sufBdent  until  May  8,  when  an  additional  wagon 
with  driver  and  helper  was  put  on.  Previous  to  May  18  but  one  furnace  had 
been  in  use,  but  at  this  time  we  found  it  necessary  to  run  both  fumaoes,  so  an 
additional  fireman  was  put  on. 

On  Jime  1, 1914,  we  started  to  carry  out  the  provisions  of  the  dty  ordinance 
for  a  tri-weekly  collection  in  the  business  districts  and  twice  a  week  in  the 
residence  districts,  so  two  more  wagons  were  started,  making  six  wagons  with 
12  men  collecting  and  two  firemen  and  the  superintendent  at  the  plant,  which 
is  the  same  force  that  we  have  at  the  present  time  (August,  1915).  These 
men  worked  nine  hours  p«r  day.  We  found  that  during  the  months  of  July, 
August  and  September,  the  amount  of  garbage  increased  so  much  that  it  was 
necessary  to  work  the  men  12  hours  instead  of  nine.  After  September,  the 
amount  of  garbage  collected  began  to  decrease  and  the  men  were  placed  again 
on  their  regular  time  and  during  the  winter  months  some  of  the  wagons  were 
taken  o£F  for  a  portion  of  a  week  and  only  one  furnace  was  used.  The  men  are 
now  working  11  hours  per  day.  Each  wagon  is  making  from  5  to  7  loads  per 
day,  according  to  the  district  the  wagon  serves. 

The  city  is  divided  into  collection  districts  and  each  wagon  has  certain 
districts  to  take  care  of.  The  wagons  are  steel  bodied,  steel  covered  dump 
wagons,  with  a  capacity  of  37  cu.  ft.  The  wagons  and  horses  are  owned  by 
the  city,  the  bam  for  the  horses  being  located  in  the  reu:  of  the  plant.  The 
cost  of  collection  and  disposal  is  borne  by  the  city  at  luge,  provision 
therefor  being  made  in  the  annual  budget. 

When  we  first  began  operating  the  plant,  we  were  handicapped  by  the  fact 
that  we  had  no  scales  to  weigh  garbage,  coal,  etc.,  as  it  was  brought  to  the 
plant.  The  city  oomioil  authorised  the  Board  of  Public  Works  to  install  a 
modem  10-ton  scale  and  on  Aug.  13,  1914,  we  started  weighing  every  pound 
of  garbage  that  was  brought  to  the  plant,  also  all  coal,  hay,  feed,  etc. 
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QHantUaHve  and  Cott  Data. — From  Aug.  13.  1914.  to  Aug-  13.  1015,  there 
wu  brought  to  the  plant  and  disposed  of  3,392  tons  of  garbage,  an  average  of 
practically  11  tons  per  day.  There  was  used  to  incinerate  this  garbage 
807,639  lbs.  of  soft  coal  screenings  or  practically  235  lbs.  of  coal  per  ton  of 
garbage  consumed. 

From  Jan.  1,  1914,  to  Jan.  1,  1915,  there  was  practically  2,900  tons  of  gar- 
bage collected  and  disposed  of,  the  total  cost  of  which  was  $10,775.63,  being 
$7,009.44  for  collecting  and  63,766.19  for  incineration,  or  $2.42  per  ton  for 
collection  and  $1  29  per  ton  for  incineration. 

The  amount  of  coal  consumed  per  ton  of  )^rbage  greatly  exceeds  the  guar- 
antee, which  provided  for  150  lbs.  of  coal  per  ton  of  garbage  But  this  guar- 
antee was  given  on  the  condition  that  500  lbs.  of  coal  for  each  furnace  be 
allowed  before  the  test  was  started,  to  heat  the  furnace  to  the  proper  tempera- 
ture. If  we  figured  this  500  lbs.  to  each  furnace  or  1 ,000  lbs.  for  both  furnaces, 
for  the  809  days  on  which  we  collected  garbage,  it  would  mean  309,000  lbs. 
of  coal  which,  if  deducted  from  the  total,  would  make  the  amount  of  coal 
consumed  per  ton  of  garbage  about  equal  to  the  guaranteed  amount. 

In  figuring  the  cost  of  collection  I  have  included  all  expenses  of  every  kina 
in  connection  with  the  collection  and  the  same  is  true  in  connection  with  the 
cost  of  incineration  with  the  exception  of  two  items,  yiz.,  the  interest  on  the 
investment  and  depreciation.  The  amount  appropriated  for  garbage  disposal 
for  the  year  1914  was  $0,360  and  the  total  cost  was  $10,775.63.  leaving  a 
deficit  of  $1,415.63.  which  was  taken  from  the  general  fund  of  the  city.  The 
amount  ai>propriated  for  1915  is  $11,000.  and  Judging  from  the  expenses  thus 
far  I  think  we  will  have  a  small  credit  balance  in  the  fund  at  the  end  of  the 
year.  However,  for  the  year  1916 1  am  afraid  that  the  cost  of  garbage  disposal 
will  be  nearly  double  what  it  will  be  this  year,  as  then  we  will  be  operating 
under  an  8-hour  work  day  law  with  time  and  one-half  for  all  overtime.  The 
wages  now  paid  are  as  follows: 

Grade  Weekly  wage 

Superintendent $21 .00 

Fireman 15. 00 

Aasistant  fireman 14 .  00 

Head  teamster 15 .  00 

Teamsters  and  helpers 13. 00 


The  city  collects  garbage  only.  The  clause  in  the  ordinance  defining  gar- 
bage is  as  follows: 

Garbage  shall  be  held  to  include  all  refuse,  animal,  fruit  and  vegetable  matter, 
and  tin  cans  used  for  the  storage  of  said  animal,  fruit  or  vegetable  matter,  also 
all  rags,  paper  and  other  combustible  refuse,  and  it  shall  be  doomed  unlawful  to 
place  in  the  garbage  cans  any  aahee,  earth,  waste  or  other  materials  of  a  different 
nature  whatsoever. 


Anntxal  Operating  Record  of  Refuse  Disposal  of  Palo  Alto,  Calif. — The 
following  statement  from  the  annual  report  of  the  Board  of  Public  Works, 
Palo  Alto,  Calif.,  giving  the  operating  record  for  the  year  1916-17  is  given  In 
Engineering  News-Record,  March  7,  1918. 


$7,248.25 
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Opsbations  of  Palo  Alto  Rsfusb  Dsstbuctob 

Receipts  from  refuse  ooUeoticm $6,879. 96 

Penalties 18.50 

Sundry  material,  etc.,  sold  to  city  departments 190. 00 

Miscellaneous  receipts 159. 80 

Destructor  plant  wages $1 ,  909 .  65 

Power 89.04 

Maintenance 15.99  82,014.68 

Refuse  collectors*  wages , 3 ,  778 .  63 

Repairs..-. 3.00     3.781.78 

Salaries 480. 55 

Printing  and  stationery 119 . 00         599. 55 

Bond  interest 828.09 

Depreciation 700. 13  $7,919.08 

Net  loss $     670.83 

Remarks: 

Number  of  furnace  grates  in  incinerator 2 

Total  grate  area  (sq.  ft.) 83 

Weight  of  refuse  burned  (tons) 2,011.61 

Weight  of  residual  clinker,  ash,  etc.  (tons) 400. 18 

Percentage  of  residue , 19 . 9 

Average  amount  of  refuse  burned  per  hr.  (tons) 0. 75 

Average  amount  of  refuse  burned  per  sq.  ft.  of  grate  area  per  hr.  (lb.)  45 
Total  weight  of  water  fed  to  boiler  (lb.),  not  including  water  for  clean- 
ing and  blowing  down  boilers 779, 539 

Water  evaporated  per  lb.  of  refuse  (140  lb.  per  sq.  in.  boiler  working 

pressure) 0. 19 

Horses  cremated,  8;  dogs  cremated,  28;  cows  cremated,  1. 

Average  water  per  ton  of  refuse,  lb 1 ,  088 

Average  combustible  matter  per  ton  of  refuse,  lb 512 

Average  non-combustible  matter  per  ton  of  refuse,  lb 399 

The  Palo  Alto  destructor  is  of  the  Dundon  high-temperature  type.  It  has  a 
nominal  daily  capacity  of  30  tons  of  mixed  refuse  and  cost  about  $18,000. 
The  population  of  Palo  Alto  is  estimated  at  5,900. 

Cost  of  Operating  Destructor  with  Steam  Utilization,  at  Savannahy  Oa. — 
The  following  matter  is  taken  from  an  abstract  (Engineering  News,  Feb.  11, 
1915)  of  a  paper  by  E.  R.  Conant  read  before  the  American  Society  of  Mmi- 
idpal  Improvements,  Boston,  Mass,  Oct.,  1914. 

The  population  of  Savannah,  about  80,000,  is  some  60%  white  and  40% 
colored.  From  Mar.  23  to  Oct.  1 ,  a  total  of  18,033  tons  of  refuse  wasooUeoted, 
including  household,  hotel  and  restaurant  garbage  and  rubbish,  paper  and 
rubbish  from  stores,  material  from  street  receptacles,  and  some  household 
ashes.  The  mean  daily  collection  varied  from  54  tons  in  March  to  about 
100  tons  in  July.  The  average  cost  of  collection  was  $2.29,  including  labor, 
care  of  stock,  repairs  to  carts  and  harnesses  and  the  purchase  of  small  appli- 
ances for  use  in  collection  work.  At  the  height  of  the  watermelon  and  canta- 
loupe season,  the  percentage  of  garbage,  by  weight,  was  about  55%.  During 
the  remainder  of  the  year,  the  percentage  of  garbage  varies  from  40  to  46%. 
In  winter  the  ashes  collected  do  not  amount  to  more  than  10%  of  the  total 
collection,  if  that.  Early  In  1913,  E.  R.  Conant.  Chief  Engineer  of  Savannah, 
recommended  to  the  city  coimdl  that  a  hig^-temperature  fumaoe  or  destxuctor 
be  installed.  This  the  councU  decided  to  do.  General  specifications  were 
prepared   and  bids  secured.    In  July,   1913,   the  council  awarded  to  the 
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Dettructor  Co.  of  New  York  City,  a  contract  for  a  130-ton  incinerator  of 
the  Heenan  CBrlttah)  type.  The  final  cost  of  the  plant  was  $126,271,  about 
t070  per  ton  of  rated  capacity.  The  plant  was  accepted  by  the  city  and 
final  payment  was  made  in  October,  1914. 

Oentral  Deteription  of  Destructor. — The  destructor  was  located  near  the  city 
water-works  pumping  station — 60  ft.  between  building  walls,  with  140  ft. 
from  the  destructor  boilers  to  the  main  steam  header  in  the  pumping  station. 

Tbe  main  features  of  the  plant  are:  A  260-yd.  refuse-storage  pit,  11  x  32 
ft.  in  plan  and  20  ft.  deep,  into  which  the  refuse  is  dumped  from  the  collecting 
wagons;  an  electric  traveling  crane  and  hoisting  grab  bucket,  for  lifting  the 
refuse  from  the  pit  and  carrying  it  to  and  dumping  it  into  the  refuse  containers, 
located  over  the  destructor  cells;  two  d5-ton  destructor  units,  each  having  four 
trough-grate  cells  about  28-in.  wide  on  the  bottom,  34  in.  wide  on  top.  16  in. 
deep  and  8  ft.  long;  two  200-hp.  Wickes  water-tube  boilers;  a  Foster  preheater; 
a  cyUndrical  centrifugal  fan  for  supplying  forced  draft;  a  radial-brick  stack 
100  ft.  high  and  6H  ft.  in  diameter  at  the  top;  hydraulically  operated 
cUnkering  devices,  which  discharge  into  clinker  carts  of  special  design :  a  steam 
turbo-generator  for  supplying  electric  current  for  works  light  and  power 
purposes;  various  recording  instruments;  a  wagon  scale  for  weighing  the 
Incoming  refuse;  and  a  building  to  house  the  whole. 

The  odls  have  a  burning  area  of  20  sq.  ft.  over  each  grate.  The  I'efuse 
containers  over  the  cells  have  a  capacity  of  about  1  cu.  yd.  each  and  are  closed 
by  horizontally  sliding  doors,  in  two  parts,  hydraulically  operated.  Stoking 
Is  done  through  a  supplementary  door,  which  makes  it  unnecessary  to  open 
the  large  clinkering  door. 

The  clinker  is  pulled  out  by  means  of  a  hydraulic  winch,  attached  to  a  plate 
which  forms  **  an  upturned  hoe  placed  on  the  bottom  of  the  grate  before  the 
first  charge  of  refuse  is  deposited  in  the  cell."  The  sides  of  the  grate  diverge 
slightly  from  the  rear  to  the  stoking  door.  A  tinkering  operation  is  performed 
in  three  to  four  minutes.  Usually  the  clinker  is  drawn  once  for  each  six 
charges  of  refuse.    The  average  time  burning  a  charge  is  20  min. 

During  July  and  August,  about  10%  of  cinders  from  manufacturing  plants 
were  added  to  offset  the  excessive  moisture  in  the  refuse  due  to  the  melon 


With  the  destruction  of  60  to  75  tons  of  refuse  per  day.  which  comprised 
the  collection  in  1914,  only  one  unit  was  operated,  so  as  to  supply  steam  to  the 
pumping  station  continuously.    The  plant  is  operated  in  three  shifts. 

Operating  Cotta  under  Working  Conditions,  Mar.  £4  to  Sept.  30,  1914. — 
During  a  period  of  just  over  six  months,  14,364  tons  of  refuse  were  burned  at 
a  total  cost  of  $8,988,  including  $428  for  a  weighman  and  $370  for  a  laborer  at 
the  pit,  supervising  the  dumping  of  cars.  This  gives  an  average  cost  of  62>^c. . 
but  in  comparing  this  with  the  guaranteed  cost  of  40.4cts..  it  muHt  be  remem- 
bered that  the  guaranteed  price  was  based  on  the  plant  working  at  full 
capacity.  Deducting  the  value  of  fuel  saved  at  the  pumping  station,  the 
net  cost  was  41.6  cts.,  per  ton. 

With  dry  refuse  the  clinker  varies  from  20  to  25%  of  the  refiLse,  but  during 
July  and  August  it  nins  from  25  to  30%. 

About  $3,000,  or  $500  per  month,  was  saved  in  fuel  from  Mar.  24  to  Sept.  30. 
Changes  at  the  plant,  it  is  expected,  will  raise  this  saving  to  $600  per  month. 
Operated  at  full  capacity,  it  is  e.stiinated  thut  the  fuel  saving  would  be  $1000 
per  month.  It  may  l)e  a^lde<l  that  the  puinping-station  equipment  consists 
of  two  lO,000,000-gal.  HoUy-GaakeU  duplex  comi>ound  pvimvvu^  ^^i^«a  v 


848 


HANDBOOK  OF  CONSTRUCTION  COST 


two  cross-oompouDd  air  compressors,  all  of  which  are  operated  condensing. 

The   destructor-plant  steam 
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pressure  is  carried  up  to  150 
lb.  with  lOO**  superheat.  As 
the  steam  pressure  for  the 
pumps  is  only  00  lb.,  a  re- 
ducing valye  is  used  be- 
tween the  destructor  and  the 
pumps. 

ComparatiTe  Operating 
Costs  of  the  Chicago  and 
Cleveland  Reduction  Plants. 
— The  following  is  taken 
from  an  abstract  in  En- 
gineering and  Contracting, 
May  11,  1021,  of  a  report  of 
Major  I.  8.  Osbom  upon  the 
means  of  increasing  the  effi- 
ciency and  economy  of  the 
Chicago  reduction  plant. 

The  reason  for  using  Cleve- 
land was  that  the  total  ton- 
nage reduced  annually  com- 
pares more  closely  with  that 
of  Chicago  than  the  total 
reduced  by  any  other  city. 

•^SJS^isJdS^^^sJ     Si  Furthermore,   the  Cleveland 
'^  plant    was    the    first   to  be 

municipally  operated,  and 
has  been  so  used  for  the  past 
16  years.  Thus  the  results 
achteved  have  undergone  the 
test  oi  time  more  fully  than 
any  other  municipally  oper- 
ated plant.  The  data  avail- 
able are  therefore,  more 
representative  than  that  of 
any  other  city,  as  to  what 
can  be  accomplished  by 
municipal  management  and 
methods. 

Although  the  "Digester" 
process,  whereby  the  garbage 
is  first  cooked  before  drying, 
is  not  used  in  Chicago,  yet 
the  equipment  used  by  Cleve- 
land for  drying  and  extracting 
is  very  similar.  This  differ- 
ence of  method,  however, 
does  not  appreciably  affect 
the  basts  for  comparing 
results. 


9i 


0) 


0Q00<^»C^4Ut^C^OXOC0  a 

oo-^uscoco  ^t^OOOt^t^O  « 

6  -  - 


-   "O 


co-^c^icow 


S"«j<Tt*00O 

©FHCOt^CO'f 

A      »     w     »     V     » 

cCoJWO'^'H 

di-Hi-Hi^H 


CO  CO  00  CI  CO  CO 

o 

o 

a 

OiOO'HOS^CO  08 

t*co-^ciA'^  a 

OOOC^COOM  o 

"S 

cot*<ocot*t*  S 

s 


.0 


-2 

•c 

B 

o 

o 
a 

I 

hi 

0) 

> 

a 
o 

o 

h 
9i 


**2-§^'*'     ooNOoooi-i    cor^«-it^a»<6  J5     ^ 

H6|i-p  -""-■""■-•  -•■-■-■--■-■  ^  ' 


useooS 


CIQ 

CO® 


CON>QQ 


•I 


icccr^oooo     u:cor«ooa» 

»H  1-H  1— I  1— I  1-H  Cl  1-H  .— 1  »-<  1-H  1-H 

CiddOiOiCi      0>090>0& 


2;  gZ 


o 

O 


.£3 

o 


GARBAGE  DISPOSAL 


849 


Compariion  •$  Labor  DUtrtbtUion  of  Cleveland  Municipal  Plant  with  That  of 
Chieoifo, — Although  during  the  i>ast  year  the  quantity  of  garbage  dispoeed  of 
b;  Cleveland  was  within  12.000  tons  of  that  handled  by  Chicago;  and  although 
the  rate  of  wages  paid  in  Cleveland  was  higher  than  in  Chicago  except  in  the 
case  of  mechanics:  the  payroll  in  Cleveland,  nevertheless,  was  less  than  half. 
The  following  comparison  of  the  organization  of  the  employes  in  the  two  plants 
illustrates,  in  one  way,  why  the  Chicago  plant  is  not  as  economically  operated : 


Clpvelnnd                                                                      Chicago 
68,645 Tons  garbage  reduced  in  1020 80,182 

SUPSBINTBNDSNCB 

1  Foreman  in  charge. 
Office 

1  Head  clerk. 


1  Superintendent. 


1  Clerk  and  stenographer. 
1  Bookkeeper. 

1  Laboratory  assistant  in  city  chem 
ioal  laboratory. 


Note. — Bookkeeper   keeps   books 
both  collection  and  disposal. 


General 

shift. 


foremen — one    for    each 


3 
3 


Engineers  (1  for  each  shift)  power 
plant  (electric  power  generated). 


Firemen. 
Coal  passers. 


1  Ash  handler. 


2  Machinists. 

3  Machinist  helpers. 
2  Steamfitters. 

1  Steamfitter  helper. 
1  Carpenter. 
1  Carpenter  helper. 
1  Electrician. 

11  Equipment    operators    for 
digesters  and  extractors. 

None. 


1  Principal  clerk. 
1  Senior  clerk. 
1  Senior  clerk. 

1  Junior  clerk. 

2  Junior  stenographers, 
for       1  Senior  sanitary  chemist. 

1  Assistant     chemist     on   pasrroU   as 

garbage  handler. 
1  Janitress,  G.  H.  payroll. 
1  Office  assistant.  G.  H.  payroll. 
I  Office  boy,  G.  H.  payroll. 

FOREMBN 

1  Assistant  general  foreman. 

1  Foreman  garbage  plant. 

2  Foremen  garbage  handlers. 
1  Foreman  mill  house. 
1  Assistant  foreman  mill  house. 
1  Foreman  extractor  plant  (1  shift)  or 

(3  shifts). 
Enginebbs 

1  Second  assistant  operating  engineer. 

2  Third  assistant  operating  engineers. 
9  Junior  operating  engineers. 

1  Hoisting  engineer   (electric  power 

purchased). 
PowEB  House 

4  Firemen. 
14  Garbage  handlers  used  in  handling 

coal    and    ashes    (day  shift). 
'  5  Garbage  handlers  (2nd  shift). 
4  Garbage  handlers  (3rd  shift). 
Mechanics 

8  Machinists. 

2  Steamfitters. 

1  Steamfitter  helper. 

2  Carpenters. 
1  Blacksmith. 

1  Blacksmith  helper. 

6  Electricians  (3  used  on  cranes) 
Operatobh 
dryers,     10  Equipment    operators    for    dryers, 
extractors,  etc. 
Watchmen 

2  Watchmen  in  addition  to  garbage 

handlers  carried  as  watchmen. 
OB  Gabbaqe   Handlebs 

28  Receiving  building. 

22  Dryers. 

10  Extractor  plant. 


Labor 
13  Receiving  building. 
21  Dryers  and  digesters. 
6  Extractor  plant. 

6  Mill  house.  39  Mill  house  and  finishiua  dT>i«.T«. 

7  UtiUty.  22  Utility. 

92. Total  number  employes  on  payroll 7.\^ 

54 
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Cost  of  Garbage  Collection  and  Reduction  at  Cleveland,  O. — ^Tlie  cost  of 
collecting  and  reducing  garbage  in  1017  at  Cleveland,  O.,  increased  materially, 
according  to  the  1917  report  of  F.  L.  Stockberger,  Engineer  of  Reduction. 

The  amount  of  garbage  collected  and  reduced  during  1917  was  56,121  tons, 
which  is  a  decrease  of  4,596  tons  in  comparison  with  the  year  1916.  The 
amount  of  finished  material  produced  from  this  garbage  was  3,071,022  lb.  of 
grease  and  6,241  tons  of  tankage.  This  is  a  decrease  of  796  tons  of  tankage 
and  of  748,303  lb.  of  grease.  The  decrease,  states  the  report,  was  caused  by 
the  decrease  in  the  quantity  of  green  garbage  collected,  the  high  price  of  all 
foodstuffs  and  by  the  conservation  movement  which  was  in  vogue  during  the 
greater  part  of  the  year. 

The  cost  of  collection  was  as  follows: 

Per  ton 
green 
Amount      garbage 
Supervision: 

Labor— collecting $157,071     $2.7988 

Labor — shoeing 4 ,  164         .0742 

Supplies: 

Shoeing 1,501  .0267 

Office 146  .0026 

Fuel,  light  and  power 1 ,  529  .0272 

Feed 25,330  .4514 

Barn 777  .0138 

Motor  vehicle 2,468  .0438 

Mechanical 133  .0024 

Cleaning  and  toilet 33  .0006 

Other  miscellaneous 147  .0025 

Miscellaneous  Expense: 

Transportation — employes 

Telephone  and  telegraph 169  .003 

Team  hire 1     

Insurance 736  .0131 

Taxes 199  .0035 

Rented  land 1 ,919  .0342 

Damages 3  .0001 

Freight  on  garbage 12,393  .2208 

Other  miscellaneous 12  .  0002 

Total  operating  cost $208,741     $3.7189 

Maintenance: 

Cars  and  wagons — labor $    3,398  $0.0605 

Cars  and  wagons — material 3,326  .0593 

Harness — labor 1 .249  .0223 

Harness — material 1 ,608  .0286 

Buildings-^material 1 ,820  .0324 

Office  furniture  and  fixtures *            2      

Machinery,  tools  and  implements 299  .0053 

Motor  vehicles 839  .016 

Other  miscellaneous  equipment 2,765  .0493 

$  15.309  $0.2727 

Total  collection  cost 225,850  4.0243 

Loss  on  horses 1 ,211  .0216 

Depreciation 8,973  .  1599 

Entire  cost,  including  depreciation $236,036    $4.2068 


CHAPTER  XIV 
STREET  SPRINKLING,  CLEANING  AND  SNOW  REMOVAL 

Further  data  on  the  oosts  of  street  crinkling  and  cleaning  are  given  in 
GiUette'8  "Handbook  of  Cost  Data,"  pages  467  to  474. 

Time  Studios  and  Factors  and  Standards  for  Street  Cleaning  in  Chicago. — 
Time  studies  were  made  during  1012-13  in  Chicago  to  determine  tlie  effective- 
ness of  street  cleaning  methods  and  th^efiOciency  of  street  cleaners  and  team- 
sters. These  studies  were  conducted  by  the  efiOciency  division  of  the  Civil 
Service  Commission  and  have  been  used  to  compute  factors  and  standards  by 
which  appropriations  can  be  attested.  They  present  a  number  of  facts  which 
are  of  more  than  local  interest  and  the  following  matter  is  taken  from  an  ab- 
stract in  Engineering  and  Contracting,  Nov.  19,  191d»  cf  the  commission's 
report. 

General  CondifioM. — ^Analysis  of  the  time  records  disclosed  that  a  propor- 
tion of  the  street  cleaners  had  no  notion  of  how  to  perform  their  duties  with 
minimum  waste  of  time  and  energy.  It  was  ascertained  that  there  are  at  least 
38  distinct  motions  which  a  cleaner  makes  in  street  cleaning  work.  Of  these 
some  were  found  unproductive,  resulting  in  loss  of  time  and  energy.  As  an 
example,  the  practice  of  hitting  the  broom  on  the  pavement  at  the  end  of  each 
stroke  was  foimd  unnecessary.  By  bringing  the  brush  down  forcibly  at  the 
beginning  of  each  stroke  the  sune  result  is  attained  and  the  labor  reduced  at 
least  15  per  cent.  It  was  also  disclosed  that  wheeling  push  carts  in  to  alleys 
or  to  other  temporary  dumping  places  consumed  20  per  cent  of  the  cleaners* 
time.  The  time  lost  by  cleaners  in  dodging  vehicular  traffic  was  found  not  to 
exceed  8  per  cent  in  streets  of  dense  traffic  and  not  to  exceed  2  per  cent  in 
outlying  business  streets.  It  was  disclosed  that  unnecessary  sweeping  was 
done  on  light  traffic  asphalt  pavements.  After  the  morning  cleaning,  three- 
fourths  of  the  area  to  be  covered  during  the  remainder  of  the  day  does  not 
require  thorough  cleaning.  The  time  studies  showed  that  street  laborers  in 
gangs  did  not  work  as  efficiently  as  single  laborers  each  having  his  individual 
assignment ;  time  is  lost  in  conversation  and  by  the  pace  being  set  to  accommo- 
date the  poorest  laborer.  Generally,  the  time  studies  showed  that  street 
cleaning  is  handicapped  by  lack  of  control,  instruction  and  supervision  and 
lack  of  incentive  due  to  non-recognition  of  ability  and  efficiency. 

From  the  time  studies  of  1912-1913,  a  perfect  standard  of  work  was  com- 
puted; they  also  showed  that  able  street  cleaners  working  regularly  and  under 
instructions  in  proper  methods  were  able  to  do  more  than  the  attainable  stand- 
ard which  was  set  at  85  per  cent  of  the  perfect  standard.  Under  employment 
conditions  as  they  exist  at  present  it  was  felt  that  the  attainable  standard  of  85 
per  cent  could  not  be  expected,  and  so  for  1914  computations  are  based  on  a 
standard  of  74.4  per  cent. 

Standards  and  Factora. — ^The  conditions  and  factor  which  control  the 
amount  and  frequency  of  cleaning  of  any  pavements,  other  conditions  being 
the  same,  may  be  summarized  as  follows: 

(1)  Density  of  horse-drawn  vehicles  and  other  traffic;  (2)  width  of  streets; 
(3)  character  of  district  and  population;  (4)  location  of  streets:  (5)  proximity 
to  unpaved  streets  and  alleys;  (6)  location  of  public  buildings,  parks,  etc. 
(7)  kind  and  condition  of  pavements. 

851 
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As  a  result  of  the  study,  it  has  been  definitely  determined  that  the  density 
of  horse  traffic,  which  is  the  total  number  of  horses  passing  through  a  given 
street  divided  by  the  width  of  the  street,  is  the  principal  factor  which  deter- 
mines the  number  and  frequency  of  cleaning  whi(di  one  street  should  be  given. 
The  experiments  made  to  determine  what  relation  the  yardage  of  dirt  col- 
lected in  any  street  had  to  the  number  of  cleanings  indicates  that  this  factor 
is  not  definite,  but  is  a  direct  function  of  all  the  other  factors  above  noted. 

As  the  traffic  conditions  on  a  street  determine  to  a  great  extent  the  number 
and  frequency  of  cleanings  which  should  be  provided,  in  order  that  the  service 
be  always  distributed  uniformly  and  equitably,  it  will  be  necessary  that  traffic 
census  be  made  regularly  each  year  in  the  different  streets  of  the  city.  Traffic 
census  taken  at  regular  intervids  each  year  will  show  any  changes  in  the  char- 
acter of  the  districts  and  the  necessary  changes  in  cleaning  service. 

From  the  studies  made  the  street  cleaning  constants  given  in  Table  I  were 
determined. 

Upon  the  above  factors  the  number  of  cleanings  per  week  which  any  street 
having  permanently  improved  pavement  will  receive  is  expressed  by  the 
equation: 

B 

N  " 

CW 

where  N  «  number  of  cleanings  per  week. 

E  *  total  number  of  horse-drawn  vehicles  per  8-hour  day. 
W  -  width  of  roadway  in  feet. 
C  *  constant  of  cleaning. 

In  the  case  of  streets  where  investigation  gives  data  of  traffic  of  vehicles 
and  pedestrians  and  restricted  roadway  due  to  standing  vehicles  and  general 
special  considerations  which  necessitate  the  modification  of  the  value  of  the 
constant  C  in  the  above  equation  the  schedule  should  be  arranged  so  that  the 
cleaning  service  is  in  accordance  with  requirements  and  standard  maintained. 

For  residence  and  street  railway  streets,  or  streets  on  which  churches, 
schools,  hospitals,  playgrounds  and  general  public  institutions  are  located,  the 
application  of  the  constants  (Table  I)  to  traffic  conditions  might  give  results 
below  the  necessary  minimum.  In  such  cases  the  formula  Is  used,  but  the 
minimum  number  of  cleanings  for  streets  having  these  characteristics  has 
been  determined  by  a  separate  basis,  as  shown  further  in  Table  I. 

Tablb  I.  Street  Clbantno  Constants 

Wards —  At.  res.       Av.  bus 

Inlying 2.1  2.6 

Outlying 2.6     -*       2.8 

Minimum  Clbaninob  pxb  Wxxx  on  Habd  Pavxmsnts 

Cleaninn 
per  wees 

Inlsring  wards 3.0 

Outlying  wards 1.0 

Minimum  Clbaninob  pbb  Wbbk  on  Cab  Track  Strbbtb 


Head  vmy      Head  way        Head  way 
up  to  3  mm.  3  to  10  mm.     10   min.   oi 

m<»« 


or 
mon 

Inlying  wards 6  5  4 

Outlying  wards 0  3  8 
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nrmuM  Clbaninos  pcr  Wkbx  on  Strbbts  Uavinq  Public  Buildinqs,  Eit:. 
Churohes  Schools 


6    L 

3     M 

2   ,8 

L  »  Large.     M  —  Medium.     8 


8maU. 


Hospitals,  parks,  pubHe 
institutions 

6     L 6 

5     M 4 

4     8 2 


In  cases  where  the  streets  or  alleys  surrounding  the  foregoing  are  unim- 
x>ved,  the  minimum  number  of  cleanings  has  been  increased  by  one-twelfth 
the  number  of  cleanings  calculated  for  the  improved  pavements. 
From  an  analysis  of  the  time  studies  of  the  work  of  street  cleaners,  definite 
ita  have  been  secured  upon  which  is  based  the  relative  difficulty  of  deanhig 
le  different  kinds  of  pavements  w^ith  varying  physical  conditions.  The- 
andards  and  equivalent  areas  which  it  is  assumed  can  be  cleaned  by  one 
an  in  one  eight-hour  day  follow: 


Condition  of 

svement 

pavement 

Uphalt 

Good 

^pbmlt 

Good 

Uphalt 

Good 

Uphalt 

Fair 

Vsphalt 

Poor 

>eosote  blk. 

Good 

Brick 

Good 

Brick 

Fair 

Brick 

Poor 

3ranite 

Good 

Sranite 

Fair 

3ranite 

Poor 

Equivalent 

Standards  sq.    yds. 

100  per  cent  average  perfect  standard.  34 ,000 

85  per  cent  attainable  standard 28.000 

74.4  per  cent  of  attainable  standard 

assumed  for  1014 21.500 

00  per  cent  of  good  asphalt 10 ,  300   . 

80  per  cent  of  good  asphalt 17 .  200 

Good  asphalt 21.500 

Good  asphalt  -«- 1.35 16.000 

63  per  cent  of  good  brick 10,000 

50  per  cent  of  good  brick 8.000 

Good  asphalt  -I- 1.60 13.400 

75  per  cent  of  good  granite 10.000 

60  per  cent  of  good  granite 8 .  000 


Analysis  of  the  data  also  indicates  that  the  presence  of  car  tracks  in  a  street 
creases  the  difficulty  of  cleaning  the  street,  and  that  under  similar  conditions, 
le  street  car  right  of  way  is  approximately  15  per  cent  harder  to  clean  than 
te  pavements  outside  of  the  car  tracks.  In  instances  where  the  pavement 
the  right  of  way  has  been  found  to  be  different  from  the  pavement  of  the 
Uanoe  of  street,  the  area  of  the  right  of  way  has  been  increased  by  15  per 
ini  and  the  paving  factors  applied. 

In  cases  where  alleys  are  paved  with  improved  pavements  and  where  condi- 
yaa  eadst  similar  to  those  on  streets,  the  same  standards  and  equivalents  as 
▼en  for  the  cleaning  of  streets  having  similar  factors  are  used,  the  resulting 
imber  of  cleanings  per  week  being  divided  by  six.  In  some  instances, 
le  number  of  cleanings  per  week  that  an  alley  would  receive,  based  upon 
affic  conditions  alone,  would  give  absurd  results,  and  therefore  a  minimum 
two  cleanings  each  week  has  been  fixed  for  all  improved  alleys  in  the  city 
ith  the  exception  that  the  hn proved  alleys  in  business  sections  which  receive 
minimum  (tf  six  cleanings  per  week. 

Experimental  work  in  connection  with  the  cleaning  of  improved  alleys  has 
smonstrated  that  the  traffic  on  alleys  does  not  control  the  number  of  clean- 
igs  to  be  given,  that  there  is  practically  no  difference  \ul\\fc\Vnv%t<i^\5\i^\.v\ 
ean  tbe  various  kinds  of  pAvementa  in  alleys  and  that.  8l  T«aaox\»XA^  ^\^\N>- 

our  dmy'B  work  for  an  average  iaborer  is  eight  blocks  ot  a,ppitiito«XfcVs  ^^^ 

lUe  of  improved  alleya. 
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The  oiling  of  macadam  streets  during  the  past  few  years  has  had  an  excellent 
effect  upon  the  surface  of  these  st^reets.  The  surface  of  many  has  become  sufflr 
ciently  smooth  to  require  more  cleaning  than  could  heretofore  be  giv^i  to  the 
plain  macadam  streets.  Analysis  of  the  standard  of  work  which  one  man  can 
perform  on  oiled  macadam  streets  indicates  that  the  rate  of  cleaning  IH 
miles  of  oiled  macadam  in  an  eight-hour  day  can  be  reasonably  exi>ected  <^ 
any  man,  and  this  standard  has  been  assumed  in  the  preparation  of  estimates 
for  the  1914  appropriations.  The  number  of  cleanings  which  are  to  be  giyen 
to  these  oiled  macadam  streets  is  as  follows: 

CleaningB 
per  week 

Inlying  wards 3 

Intermediate  wards 2 

.Outlying  wards 1 

The  number  of  cleanings  which  it  has  been  assumed  will  be  given  to  the  plain 
macadam  and  cedar  block  streets  exclusive  of  country  roads  is  as  follows: 

Inlying  wards 6  times  during  the  cleaning  season,  or  approxi- 
mately 1  cleaning  per  month 

Intermediate  wards 4  cleanings  per  year 

Outlying  wards 3  cleanings  per  year 

Analysis  of  the  records  of  the  cost  of  cleaning  the  macadam  and  cedar 
block  pavements  has  shown  the  following  relationship  between  the  total  cost 
of  cleaning  such  pavements  and  the  cost  of  the  spring  cleaning  of  the  same 
pavements,  which  is  shown  under  Spring  Cleaning.  In  wards  where  the 
macadam  and  cedar  block  pavements  are  cleaned  three  times  per  year, 
the  total  cost  of  cleaning  these  pavements  is  approximately  twice  the  cost  of 
the  spring  cleaning.  In  wards  where  the  macadam  and  cedar  blo<dc  pave- 
ments are  cleaned  four  times  per  year,  the  total  cost  of  cleaning  these  pave- 
ments is  approximately  2H  times  the  cost  of  the  spring  cleaning.  In  those 
wards  where  the  macadam  and  cedar  block  pavements  are  cleaned  six  times 
during  the  cleaning  season,  the  total  cost  of  cleaning  of  these  pavements  is 
approximately  four  times  the  cost  of  the  spring  cleanup. 

A  general  spring  cleaning  is  provided  for  all  streets  of  the  city  which  do  not 
receive  attention  during  the  winter  months.  The  heavy  dirt  which  is  washed 
from  the  center  of  the  street  and  which  accumulates  in  the  gutters  during 
the  winter  season  is  piled  up  and  removed  from  the  street  before  the  regular 
block  cleaning  work  is  begun. 

Study  has  been  made  of  a  number  of  different  methods  which  are  used  in  the 
removing  of  the  dirt  in  the  spring  cleaning.  The  unit  costs  of  such  work 
indicate  that  the  assignment  of  one  man  to  a  definite  length  of  street  or  the 
assignment  of  a  small  gang  of  not  exceeding  three  men  to  definite  l^ogths  of 
street  are  most,  effective  and  economical.  Where  a  gang  of  three  m&k  is 
assigned  to  this  work,  team  work  is  developed  by  the  use  of  one  man  In  remov- 
ing the  dirt  from  the  roadway  and  one  man  each  for  the  gutters.  On  the 
granite  and  brick  pavements  considerable  more  brooming  is  necessary  on  the 
roadway.  The  granite  and  brick  pavements  and  the  cedar  block  pavements 
require  that  the  dirt  be  scraped  from  the  center  of  the  street  to  the  gutters 
before  piling  of  the  dirt  in  the  gutters  can  be  commenced. 

It  has  been  found  that  the  rate  of  spring  cleaning  of  the  center  of  streets 
varies  with  the  conditions  of  the  pavement  and  that  the  rate  of  piling  dirt  in 
the  gutters  is  practically  independent  of  the  condition  of  the  improved  pave- 
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xnentfl,  but  Taries  directly  with  the  traffic.  In  providing  the  spring  cleaning 
for  improved  pavements,  standards  have  been  determined  which  are  baaed 
on  the  rates  in  Table  II. 


Tablb  II. — Cbntwr  Cubanino  Ratxs 

Outside 
Car  track,  sq.      ear  traclc,  sq. 
Class  of  pavement —  yds.  per  day       yds.  per  day 

Good  asphalt 16.500  18.500 

Fair  asphalt 12.900  14.800 

Poor  asphalt 9.200  11,100 

Good  brick 4.400  6,560 

Fair  brick. 3,340  3,700 

Poor  brick 1,850  2.960 

Good  granite 4.400  5,560 

Fair  granite 3.340  3.700 

Poor  granite 1,850  2,200 

Cobblestone 1,470                   

SlNOLB  GUTTBR  RaTX  IN   MlLBS  PBR  DaY 

Hmes  olsaned  Poor  brick  and 

per  week  Asphalt  Good  brick  granite  of  all  kinds 

2  1.8  miles  1 . 4  miles  1 . 4  miles 

3  1.4  miles  1.1  miles  0.7  miles 
6  0.7  miles  0.5  miles  0.3  miles 
9  0.3  miles  0.2  miles 

12  0.2  miles  0. 2  miles 

In  preparing  the  estimate  of  the  cost  of  spring  cleaning  of  the  macadam  and 
cedar  block  streets,  it  has  been  assumed  that  where  the  average  traffic  per 
eight-hour  day  is  less  than  400  vehicles  the  street  has  been  termed  a  light 
traffic  street  and  where  the  traffic  per  eight-hour  day  exceeds  400  vehicles  the 
street  has  been  termed  a  heavy  traffic  street.  On  this  basis  it  has  been  found 
that  the  unit  cost  of  spring  cleaning  the  macadam  and  cedar  block  streets  of 
different  physical  conditions  is  as  follows: 

First-class  condition,  Fair  condition,  cost  Poor  condition,  cost 

cost  for  cleaning   100  for  cleaning  100  for  cleaning  100 

Hn.  ft.  lin.  ft.  lin.  ft. 
Traffic Traffic Traffic 

Heavy  Light  Heavy  Light  Heavy  Light 

$1.18  10.90  $1.97  $1.46  $2.25  $1.69 

Coat  of  Street  Cleaning  at  Philadelphia. — Enghieering  and  ContracUng, 
Sept.  5,  1917,  publishes  the  following  interesting  data  on  street  cleaning  costs 
at  Philadelphia,  contained  in  the  1916  annual  report  of  the  Bureau  of  High- 
ways. Special  block  tests  on  various  types  of  pavements  were  made  with 
machine  brooms,  the  average  costs  being  as  follows: 

Per  1.000  sq. 
yd.,  cts. 

Granite  block 24. 6 

Brick 19.3 

Wood  block 16. 6 

Sheet  asphalt 15.9 

Average  per  all  classes 22 . 6 

The  dirt  removed  per  1,000  sq.  yd.  of  pavement  was  0.158  cu.  yd. ;  98  gal.  of 
water  were  used  per  1.000  sq.  yd.  cleaned.  On  the  regular  work  the  average 
cost  of  street  cleaning  with  machine  brooms,  based  on  the  district  ic^^oiTlA^ 
28.2  ct.  per  1,000  aq.  yd. 
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The  tnm  outfits  sprinkled  aAO  Uocki  twice  dally  and  97  blodcs  four  times 
dally,  sod  were  operated  for  300  days,  maldng  the  total  ana  of  street  sprinlc^ 
in  tlila  way  480,600,000  sq.  yd.    The  cost  was  as  follows: 

300  days  operation 17 ,  500 

66  days  idle  mules 780 

Total $8,280 

This  makes  the  cost  per  1,000  sq.  yd.  1.76  ct. 

StTMi  Sweeping. — The  street  sweeping  was  oanied  out  with  mule-drawn 

sweepers,  truck-drawn  sweepers  and  combination  q)rinkler-sweeper8.    The 

unit  costs  by  each  of  these  methods  were  as  follows: 

Per  1,000  iq. 
3rd.,  et. 

Mule-drawn  sweepers 12| 

TruQk-drawn  sweepers 12] 

Combination  sprinkler-eweeper 6) 

In  all  177,000  sq.  yd.  of  street  surface  were  swept  daily  by  three  mule- 
drawn  sweepere  preceded  by  one  team  sprinkler.  These  outfits  operated 
204  days  in  1016,  during  which  time  62,000,000  sq.  yd.  of  street  were  swept. 

The  cost  of  the  work  was: 

Total  Total, 

per  day      204  days 

4  men 18.00  $2,362 

8  mules 8.00  2,862 

Brooms,  renewab  and  repairs 2. 20  740 

H  foreman , 1.60  400 

Total $6,934 

8  mules,  idle  72  days 606 

Total * $6,440 

The  trucks,  each  trailing  one  Hweeper  and  preceded  by  a  motor  sprinkler, 
deaned  300,000  sq.  yd.  of  street  surface  daily.  These  outfits  operated  270 
days  ftt  ft  daily  cost  of — 

2  chauffeurs $  7.00 

QasoUne 3.60 

Lubricants 1 .  00 

Repairs  and  renewals 4 .  00 

Broom  repairs  and  renewals 4 .36 

2  men  ridinc  brooms 4.00 

H  foreman 1.60 

$25.46 
Motor  sprinkler  ahead 9. 50 

Total $34.95 

The  two  combination  sprinkler  sweepers  covered  161,000  sq.  yd.  of  street 

surface  each  day  and  were  operated  for  294  days  in  1916.    The  cost  was  as 

follows: 

Total        Total 
per  day  204  days 

2  men $4.00     $1,176 

4  mules 4.00       1.170 

Broom  renewals  and  repairs 1 .  70    •      288 

Total $9.70     $2,852 

4  mules,  idle  72  days 288 

Tot/U ^  A^S^ 


J 


I 
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White  Wings  and  Pick  Up, — ^In  the  business  district  a  force  oonsistiiig  of 
13  men  and  a  fcneman  cleaned  222,000  sq.  yd.  of  street  surface  daily  except 
on  Sunday,  when  they  cleaned  about  one-lublf  this  amount.  Hie  total  cost 
was  as  follows: 

Men,  $185.90  weekly $10, 126 

Supplies 500 

Total $10,626 

About  47,645,000  sq.  yd.  were  cleaned  in  the  year,  making  the  cost  22 H  ct. 
per  1,000  sq.  yd. 

The  force  employed  on  pick-up  work  on  the  business  streets  consisted  of  the 
fdllowing: 

Per  day 

6  men $12.00 

6  mules 6.00 

Renewals  and  repairs 1 .  00 

Total , $19.00 

This  gang  picked  up  sweepings  last  year  from  20,878,000  sq.  yd.  street 
surface  at  a  cost  of  33K  ct.  per  1,000  sq.  yd.  surface.  It  removed  6,184  cu.  yd. 
sweepings  at  a  cost  of  $1.10  per  cubic  yard. 

Greneral  pick-up  work  was  handled  by  an  outfit  consisting  of  two  trucks, 
two  chauffeurs,  10  men  and  foreman ;  also  six  mule  teams,  12  men  and  f or^nan. 

Daily  cost  operating  two  trucks — 

Two  chauffeurs $  7 .  00 

Gasoline 3. 60 

Lubricants 1 .  00 

Depreciation,  renewals  and  repairs 4 .  00 

Foreman 3.00 

Ten  men 20.00 

Total $38.60 

Picking  up  daily  sweeping  from  128,700  sq.  yd.  street  surface.    Removing 
20  cu.  yd.  sweepings. 
Operating  cost  working  270  days  last  year  picking  up  sweepings: 

Two  chauffeurs $  2, 160.00 

GasoUne 972.00 

Lubricants 362 .  00 

Renewals  and  repairs 1 ,080.00 

Foreman 936.00 

Ten  men 5.400.00 

Total $10,910.00 

Picked  up  last  year  (270  days)  sweepings  from  34,750,000  sq.  yd.  stree^ 
surface  at  a  cost  of  31^  ct.  per  1,000  sq.  yd.  Removing  5,700  cu.  yd.  sweep- 
ings at  a  cost  of  $1.91  per  cubic  yard. 

Daily  cost  of  six-team  pick-up  equipment — 

12  men $24.00 

12  mules 12.00 

Foreman 2 .  50 

Repairs  and  renewals 2 .  00 

Total  daily $40.50 

Picking  up  sweepings  from  185,900  sq.  yd.  street  surface.    Removing  45 


I  cu.  yd.  sweepings. 
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Team  idck-up  equipment  ooet  iMt  year,  operatiiig  294  daje — 

12  men %  7,066.00 

12mulee 8,628.00 

12  mules,  idle  72  davs 864.00 

Foreman 810.00 

Renain  and  renewals '600.00 

Totol  last  year $12,868.00 

« 
Street  Cleaning  Practice  in  Cities  of  From  50,000  to  100,000  Population. — 
The  foUowing  notes,  taken  from  Engineering  and  Contracting.  Sept.  20, 1011. 
were  given  by  the  officials  of  the  various  dtlea. 

Tabls  III. — SumiABT  or  Gbnbbal  Practicb  in  Machinb  Clbanino 

Altoona,Pa 2         68»  6  4  2» 

Bayonne.  N.  J 1           95, 000*     3H  10  4«  8« 

Charleston,  8.  C 1         466.000*     ....  12  6  6 

DaUas.  Texas 1  1«  2« 

Des  Moines,  la 2           08.000      2  3  3      . 

East  St.  Louis,  111 2  4  8  4 

Fort  Worth  Tex i    1  1 

Hoboken.  N.  J 1  68.847        4         12  6  6 

Houston.  Tex 4  75,200        IH     6H  •' 

Huntington.  W.  Va 2  82,400        2H       4  4"  2« 

Jacksonville,  Fla 2         2)i  . .  •  . .  • 

Oklahoma  City,  Okia 3         1  1 

Springfield.  Mass. . . . : 2  60.000       ....       2  2  1 

Troy.  N.  Y 3»«        30,000        4»»        2»>  ..»•  ..»• 

*  Altoona.  Pa.  and  Huntington,  W.  Va.  have  10-hr.  day,  all  others  have  8-hr. 
day. 

1  68  blocks  for  one  sweeper:  85  blocks  for  two  sweepers.     '  2-yd.  dump  wagons. 

*  On  bitulithic;  on  Belgian  block  about  one-fifth  less.     *  Three  carts  with  one 
additional  man  to  help  load.     '  Per  week;  includes  granite  blocks  and  cobbles. 

*  The  night  force  of  4  men,  8  teams  and  1  foreman  handles  the  sweepings 
'  Double  teams  with  w'  gons^  *  Large  drop  bottom  dump  wagons,  2  men  to 
each  wagon.  '  Sweepings  picked  up  by  regular  garbage  carts  in  morning, 
46  carts  being  engaged  for  IH  to  2  hours  taking  up  sweepings  of  entire  area 
swept.  ^^  3  to  5  sweepers.  "  4  miles  for  gang,  i*  2  men  follow  gang  of  3 
machines.  ^'  Sweepings  gathered  into  cans  by  patrolman  on  his  beat  and 
removed  by  teams  that  gather  house  refuse. 

As  to  the  comparative  costs  one  city  reported  that  the  cost  of  sweeping  by 
machine  and  by  hand  was  about  the  same,  while  12  cities  reported  that  machine 
sweeping  was  not  more  expensfVe  than  hand  sweeping.  At  Charleston,  S.  C. , 
the  cost  of  sweeping  with  horse  sweeper  and  gang  was  placed  at  74  cts.  per 
10.000  sq.  ft.  This  cost  doeM  not  include  new  equipment  but  does  include 
removal  of  sweepings. 

Patrol  Sytlem. — Practically  all  of  the  21  cities,  reported,  employ  the  patrol 
system  In  cleaning  the  streets  by  liand  sweeping.     At  AiVoonOk,  V«k.A>^'^!^'^^ 
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system  is  used  on  51  blocks  of  streets,  the  area  covered  by  one  man  bein^ 
eight  blocks.  The  i>atrolman  uses  a  broom  and  a  scraper  to  lift  the  sweepings 
into  patrol  carts. 

At  Bayonne,  N.  J.,  one  man  generally  covers  a  given  section  but  sometimes 
two  men  are  used,  depending  on  character  of  section.  One  man  covers  about 
10,000  sq.  yds.  in  residential  sections  in  the  working  day.  For  cleaning  up  the 
dirt  the  i>atrol  sweepers  use  brooms  with  can  and  carriers.  Hand  pickup 
machines  with  a  revolving  drum  have  been  used  by  the  patrol  sweepers  at 
Bayonne  with  fair  results. 

At  Charleston,  S.  C,  five  patrols  cover  about  36,800  sq.  yds.  of  brick  pave- 
ment per  day.  For  gathering  up  the  dirt  the  patrol  sweeper  uses  a  scraper  on 
asphalt  pavements,  a  hand  pickup  machine  on  brick,  and  a  broom  and  push 
cart  on  granite  block  pavement.  The  results  obtained  with  the  hand  pickup 
machine  are  reported  to  be  very  satisfactory.  Five  of  these  machines  each 
day  cover  36,800  sq.  yds.  of  brick  pavement,  and  the  report  states  that  the 
streets  are  swept  cleaner  with  the  machine  than  by  hand.  The  cost  of  the 
cleaning  with  the  hand  pickup  is  about  27  cts.  per  10,000  sq.  ft. 

At  Dallas,  Tex.,  a  day  force  of  46  "white  wings"  is  employed  to  cover  all 
paved  streets  of  the  city.  The  men  are  assigned  to  districts  the  size  of  which 
depends  on  the  traffic.  In  connection  with  the  day  force  16  one-horse  carts 
are  employed.  Each  cart  takes  about  five  loads  of  sweepings  per  day.  The 
avenge  area  covered  by  each  patrol  sweeper  is  6  or  8  blocks.  Both  brooms 
and  scrapers  are  used  for  gathering  up  the  dirt. 

Des  Moines,  la.,  has  a  "white  wing"  service  in  the  business  district,  each 
man  being  assigned  about  three  blocks  or  1,200  lin.  ft.  of  street.  The  patrol 
sweeper  uses  broom  and  scraper  to  gather  up  the  dirt. 

At  Harrisburg,  Pa.,  the  crew  engaged  in  hand  sweeping  consists  of  110 
sweepers,  three  foremen  and  11  horses  and  carts.  The  total  length  of  streets 
covered  by  this  gang  per  day  is  43 .  28  miles.  Each  sweei)er  is  assignied  a  section, 
depending  in  sizes  upon  the  amount  of  travel.  For  gathering  up  tlK  dirt,  the 
sweei)er  uses  a  broom  in  the  business  section,  and  a  broom  or  scraper  or  both 
in  residence  sections. 

Hoboken,  N.  J.,  uses  the  patrol  system  on  every  street  not  swept  by  machine. 
About  18  men  are  employed  in  the  18  districts.  The  men  are  equipped  with 
push  carts  and  can  and  clean  the  district  once  a  day.  The  average  area  of  a 
district  is  14,700  sq.  yds.  For  gathering  up  the  dirt  brooms  are  used  on  wood 
block  and  Belgian  block  pavement;  on  asphalt  scraper  and  broom  are  used. 

Houston,  Tex.,  employs  hand  sweeping  only  in  the  business  district,  the 
work  being  done  during  the  daytime.  The  patrol  system  is  employed,  each 
man  being  assigned  four  blocks  or  1,200  ft.  of  60-ft.  street.  A  broom  and 
scoop  is  used  to  gather  up  the  dirt  into  can  carriers. 

At  Huntington,  W.  Va.,  the  patrol  gang,  consisting  of  seven  men,  covers 
8,500  ft.  of  53-ft.  street  per  working  day.  A  scraper  is  used  to  gather  up  the 
dirt. 

Jacksonville,  Fla.,  ^nploys  hand  sweeping  only  on  the  prindpal  business 
streets,  about  36  blocks  being  covered  in  this  way.  Each  patrol  sweeper  has 
four  or  five  blocks  to  cover.  Hand  push  broSms  are  used  to  gather  up  the 
dirt. 

At  Lawrence,  Mass.,  the  hand  sweeping  is  done  by  33  patrol  sweepers,  each 
man  covering  an  area  of  about  1,100  sq.  yds.  Three  single  teams  and  nine 
men  are  employed  in  taking  care  of  the  sweepings.  For  gathering  up  the  dirt 
thft  natrol  sweeper  uses  a  broom  with  scraper  back. 
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New  Bedford,  Mms.,  employB  both  tbe  fuf  end  i>atrol  qnrtems  in  hand 
sweepinf .  The  gaiigs  aie  composed  of  ftom  six  to  ten  men,  each  geng  being 
given  a  district.  The  area  covered  by  a  patrol  sweeper  is  from  6.000  to  10.000 
sq.  yds.    Brooms  are  used  for  gathering  up  the  dirt. 

At  Portland.  Me.,  the  area  covered  by  a  patrol  sweeper  is  700  sq.  yds. 
Brooms  are  used  for  gathering  up  the  dirt. 

At  St.  Joseph.  Mo.,  100  bloclcs  of  streets  are  deaned  by  hand  sweeping,  the 
patrol  system  being  employed.  Each  patrol  sweeper  covers  about  five  blocks 
and  uses  both  broom  and  scraper  in  gathering  up  the  dirt. 

Springfield,  Mass.,  employs  both  gang  and  patrol  aystems  in  its  hand  sweep- 
ing. The  dty  is  divided  into  four  sections,  six  men  and  two  single  teams  being 
assigned  to  each  section.  This  is  for  the  macadam  and  gravel  streets.  The 
<^»**"<"g  is  done  with  brooms  and  hoes.  Hone  sweepen  are  also  used  in 
cleaning  the  macadamised  streets.  About  two  miles  of  streets  are  covered  in 
a  working  day;  about  Simile  is  covered  per  man.  Brooms  and  short-handled 
shovels  are  used  to  gatiier  up  the  dirt. 

At  Troy.  N.  Y.,  a  patrol  sweeper  is  assigned  from  3,000  to  4.i>00  sq.  yds. 
acconllng  to  traffic  They  use  both  broom  and  scraper  for  gathering  up  the 
dirt.  This  dty  has  tried  the  hand  pickup  machine  with  revolving  drum. 
The  machine  gave  satisfactory  service  but  was  not  used  on  large  enough  scale 
to  get  any  figures  as  to  costiv  etc.  It  was  found,  however,  that  the  machine 
takes  off  the  fine  dust  better  than  brooms. 

Hand  Swteping  6y  Gang  8»Mtm. — Of  the  21  dties  reporting.  East  St.  Louis, 
111.,  and  Fort  Worth,  Tex..*appear  to  be  the  only  dties  employing  the  gang 
system  alone  in  hand  sweeping.  East  St.  Louis  employs  hand  sweeping  on 
only  the  down  town  streets,  the  area  covered  in  a  working  day  being  about 
two  miles.  The  sweeper  uses  broom  and  scraper  to  gather  up  the  dirt.  At 
Fort  Worth,  Tex.,  hand  sweeping  is  employed  on  the  two  prindpal  streets  and 
on  the  cross  streets  between  these  two.  Hand  sweeping  is  used  in  the  daytime 
and  the  streets  are  washed  at  night.  In  the  hand  sweeping  the  men  are 
workedingangsof  three,  one  man  on  each  side  of  the  street  and  one  cart  man. 
The  gang  begins  at  one  end  of  street  one  day  and  doubles  back  if  they  have 
time.  The  next  day  the  gang  begins  at  the  other  end  and  doubles  back. 
Each  gang  coven  64  blocks  (200  ft.  to  block)  of  60-ft.  street,  or  768.000  sq.  ft. 
per  day.    A  large  pan  and  small  broom  are  used  for  gathering  up  the  dirt. 

Fluahing  With  Hom.—OI  the  21  dties  six  reported  that  they  flushed  their 
streets  with  hose.  At  Altoona,  Pa.,  this  work  is  done  by  a  gang  of  six  men, 
covering  about  10  blocks  per  day.  Six  60-ft.  lengths  of  fire  hose  with  IH-in. 
noa^  are  used  In  the  work. 

FluMktnff  by  Machine. — At  Fort  Worth,  Tex.,  a  flushing  machine  is  being  used 
to  dean  a  brick-paved  street.  This  pavement  is  in  bad  shape,  being  full  of 
holes  and  depresdons.  and  the  street  will  soon  be  repaved.  On  the  street  the 
machine  in  a  working  day  coven  10  blocks,  each  block  being  200  ft.  long  and 
60  ft.  wide.  Six  tanks  (600  gals,  to  the  tank)  (rf  water  to  the  block  are  usedfor 
cleaning  this  street.  In  the  work  one  man  deans  up  after  the  machine,  scrap- 
ing gutter,  and  one  team  is  used  io  haul  off  the  dirt.  The  cost  of  deaning  this 
10  blocks  of  street  averages  as  follows: 

1  team  at S  3.75 

1  laborer  at *. 2 .  00 

1  team  at 3 .  .50 

36.600  gals,  water  at  $3  per  1.000 10. 80 

Total V»^.^^ 
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This  makes  the  cost  per  1,000  sq.  yds.  about  $1.51.  Regarding  the  success 
obtained  with  the  machine  the  report  states  that  it  is  "rather  unwieldy  to 
tiandle  but  does  the  work." 

At  Reading,  Pa.,  18  to  20  blocks  are  flushed  every  night  in  the  week  except 
Sunday.  Flushing  machines,  600  gals,  capacity,  are  used.  About  1,500 
gals,  of  water  are  used  per  block.  The  material  is  flushed  into  the  gutter  and 
is  swept  up  by  regular  cleaners  in  that  section  in  the  morning. 

Machine  flushing  is  also  employed  at  Troy,  N.  Y.,  the  area  covered  per  hour 
by  one  of  the  flushers  being  3,500  sq.  yds.  The  machines  have  proved  very 
satisfactory.  At  Troy  all  dirt  from  these  machines  is  taken  care  of  by  the 
patrol  8weei)ers. 

At  Springfield,  Mass.,  the  squeegee  is  used  for  cleaning  smooth-surface  pave- 
ments. The  success  obtained  at  Springfield  with  the  machine  is  reported  to 
be  very  good,  and  much  better  than  the  old  method  of  hand  fludiing.  The 
squeegee  is  used  at  night  with  the  best  results.  The  patrol  sweepers  take  care 
of  the  dirt  swept  up  by  the  machine. 

Fort  Worth,  Tex.,  at  present  has  two  squeegees  in  operation  and  will  soon 
put  in  a  third.  The  daily  cost  of  operating  one  of  these  machines  in  Fort 
Worth  is  stated  to  be  as  follows: 

1  team  at f  3.75 

1  laborer  at 2. 00 

1  team  at 3 .  50 

26  tanks  of  water,  400  gals,  per  tank,  10,400  gals,  at  $3  per 

1 ,000 3.12 

Total $12.37 

The  average  length  of  street  covered  per  working  day  is  stated  to  be  24 
blocks.    These  machines  have  proved  very  satisfactory  in  Fort  Worth. 

Cost  of  Street  Cleaning  at  St  Paul  by  Patrol  Sjratem. — E^igineering  and 
Contracting,  Sept.  4,  1918,  gives  the  following: 

During  the  season  of  1917,  58  miles  of  streets  (1,347,051  sq.  yd.)  of  pave- 
ments were  cleaned  by  the  i>atrol  system  (White  Wings).  The  other  paved 
streets  were  cared  for  by  the  ward  crews.  The  total  cost  of  the  patrol  system, 
according  to  the  1916  annual  report  of  M.  N.  Goss,  Commissioner  of  Public 
Works,  was  $70,178  or  an  average  cost  of  $52.09  per  1,000  sq.  yd.  per  season. 
The  above  figures  include  the  cost  of  shovelers  and  teams  hauling  away  the 
street  sweepings.  The  area  handled  by  one  man  was  from  3,200  to  17.600 
sq.  yd.  The  force  consisted  of  an  inspector  at  $100  per  month,  an  assistant 
inspector  at  $90  per  month,  from  105  to  125  sweepers,  14  teams  at  06H  cts. 
per  hour  and  15  shovelers  at  25  cts.  per  hour.     The  woridng  day  was  8  hours. 

Life  of  Street  Push  Brooms. — Engineering  and  Contracting,  Mar.  19,  1913, 
states  that  in  a  discussion  of  a  paper  on  street  cleaning  in  downtown  Chicago, 
presented  before  the  Western  Society  of  Engineers,  Richard  T.  Fox,  General 
Manager  of  the  Citizens  Street  Cleaning  Bureau  said  that  he  had  found  that 
the  average  life  of  a  push  broom  when  used  in  cleaning  granite  pavement  was 
7  days.  On  asphalt  the  life  of  a  broom  ran  up  as  high  as  12  to  15  days.  On 
asphalt  in  addition  to  the  broom,  the  sweepers  use  a  scraper  with  which  most 
of  the  work  is  done,  so  that  the  broom  is  not  in  use  continuously.  The  broom 
generally  used  by  the  Citizens  Bureau  is  mtCde  of  two  rows  of  African  bass  with 
a  row  of  Bahia  grass  on  either  side.  Heavier  brooms,  made  entirely  of  African 
bass,  have  been  used,  but  it  was  considered  that  the.se  did  not  pick  up  the  fine 
dust  as  well  as  brooms  with  fine  fibrous  material  on  the  outside. 
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MoCor-driTMi  Squeegees  for  Street  Cleaning  Show  Saving. — EngioeeruiK 
and  Contracting.  March  1,  1016,  publishes  the  following  data  which  are  based 
on  teets  made  by  the  Municipal  Research  Bureau  of  Milwaukee,  Wis.,  com- 
paring  oosts  of  horse-drawn  and  motor-driven  squeegee  street  cleaning: 

The  ooBt  data  show  the  operating  expense  of  the  horse-drawn  and  the  motor- 
drlTen  squeegeee,  and  that  the  latter  type  wiU  iieiform  twice  the  amount  of 
wofk  of  the  fonner  at  a  reduced  imit  cost. 

A  cartful  analysift  of  the  trainc  condition  of  the  streets  cleaned  by  squeegeee 
aliowa  tliat  1,106,824  sq.  yd.  are  subject  to  this  process  of  cleaning  and  that 
from  the  total  yardage  the  amount  of 

413325  sq.  yd.  should  be  cleaned  6  times. 

806,183  tq.  yd.  should  be  cleaned  3  times,  and 

385,365  tq.  yd.  should  be  cleaned  2  times 
each  week,  or  a  daily  cleaning  of  approximately  700,000  sq.  yd. 

Arerage  square  yards  cleaned  per  day  by  motor-driven  squeegee 80.000 

Coat  per  1.000  sq.  yd.,  eU 16.5 

The  assesement  per  front  foot  baaed  on  a  street  30  feet  wide  and  cleaned 
50  times  a  season  would  be 1.37 

The  average  yaidage  covered  per  day  by  a  horse^rawn  machine  being 
85,000  sq.  yd.,  It  will  require  30  machines,  or  an  additional  8  over  the  present 
equipment,  to  perform  the  work ;  but  if  the  motor-driven  type  were  substituted 
the  purehaae  of  only  four  machines  would  be  necessary. 

The  dlfferenoe  in  operating  cost  of  the  two  types  would  be  as  foUows: 

Horse  drawn  type,  average  ooat  per  1,000  sq.  yd.,  cts 25. 5 

Motor-driven  type,  average  cost  per  1.000  sq.  yd.,  cU 16. 5 

Reduction  in  eoet  per  1.000  sq.  yd.,  cts 9 

If  the  motorKliiven  squeegeee  were  not  available,  the  oost  of  operating  the 
eight  additional  bocee  drawn  machines  would  be  greatly  in  advance  of  the 
motOTKlriven  type,  as  the  following  data  shows: 

8  machines  X  89.635  cost  per  machine  -$77.08  X150  days  -  $11,562. 

S^  operating  these  8  madunes  it  would  eliminate  the  service  of — 

9  white  wings  at  83  per  day  X  150  days f  2,700.00 

8  sprinklers  at  86.34  per  day  X  150  dasrs 7.608.00 

Total $10,308.00 

Twice  weekly  squeegee  cleaning 3,854.00 

Grand  total $14,362.00 

Less  the  cost  of  operating  8  squeegees 11, 562. 00 

Effecting  a  season's  saving  of $  2,700.00 

4  motor-driven  machines  X  $13.26  coRt  p^r  machine  X  150  days  » 
37.056. 

Saving  over  cost  of  operating  8  horse-drawn  machines  -  $1 1,562  —  $7,056. 
or  a  saving  of  83.606. 

With  the  same  services  riimlnated  for  the  motor-driven  as  for  the  horse- 
drawn  squeegee,  the  total  saving  would  be 

$14,262  --  87.956  -  $6,306. 

*Thifl  Item  Is  included  because  certain  streets  are  only  cleaned  twice  a  week 
that  require  the  service  six  times  weekly;  and  if  performed  the  maximum 
number  of  times  would  elhninate  the  stipulated  number  of  white  wlng^  and 
■prlnkleia. 
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Cost  of  Cleaninc  with  Vacaiun  Cleaners,  at  San  Diego,  Cal. — In  Bome  of 
our  western  and  southern  cities  where  the  problem  of  street  cleaning  is  largely 
one  of  removing  dry  dust,  vacuum  street  cleaners  have  been  successfully 
employed.  Engineering  and  Contracting,  Oct.  3,  1917,  gives  the  following 
data  furnished  by  F.  M.  Lockwood,  Manager,  Operating  Department  of  the 
city  of  San  Diego,  Cal. 

The  city  of  San  Diego,  Cal.,  has  operated  vacuum  street  cleaning  machines 
for  the  past  four  years.  The  first  machine  was  purchased  in  the  fall  of  1912 
and  the  second  in  March,  1913,  at  a  cost  of  $2,200.  The  apparatus  is  drawn 
by  three  horses;  the  vacuum  arrangement  being  run  by  a  small  gas  engine. 
The  outfit  is  handled  by  one  gas  engineer  and  one  teamster.  The  machines 
are  worked  two  shifts  a  day.  The  costs  of  street  cleaning  with  the  vacuum 
machines  for  the  first  7  months  of  1917,  were  as  follows: 


Vacuum  No.   1 

Cost 
Oi>era-        Mainte-         Total  Yardage       per  1,000 

tion  nance  coet  cleaned  sq.  yd. 

January $     317.61$       33.16$  350.77  2. 923, 000*  $0. 12 

February 397.19           41.34  438.53  3,654.417*  .12 

March 398.33          86.47  484.80  4.048.069  .11976 

April 406.44           44.73  451.17  2,292,853  .196772 

May 418.46  137.61  556.07  3.130.837  .17761 

June 41.43  493.07  534.50        In  shop  

July 365.78  186.35  552. 13t  2.267,354  .244593 

Totals $2,345.24  $1,022.73  $3,367.97     18,306.620     

Averages 335.03         146.10        481.13       3,051.103     $0.18397 

Vacuum  No.  2 

January $     350.74$  20.77$  371.51  3, 877, 364*  $0. 11 

February 294.13  23.44  317.67  2,887.000*  .11 

March 369.19  16.43  385.62  4.174.581  .092373 

April 431.03  38.85  469.88  4,256,769  .11038 

May 373.75  27.08  400.83  3,442.492  .116436 

June 356.62               .85  357.47  2,986,323  .119743 

July 263.74  8.29  272.03  2,947.462  .0923 

Totals $2,439.20$     135.71  $2,574.91     24.070.981     

Averages ..         348.46  19.39        367.85      3,438,712     $0.106974 

*  Estimated;    no   figures   available   for   actual   varda^e.     t  This   total    cost 
includes  a  complete  overhauling  and  rebuilding  of  the  entire  apparatus. 


The  above  costs  include  teams  at  actual  cost  of  feed,  care  and  maintenance 
of  harness,  labor,  fuel,  oil  and  repairs,  but  do  not  include  depreciation  or 
interest  on  the  investment. 

Suggested  Procedure  and  Cost  with  Machine  Flushers. — The  following 
useful  suggestions  on  motor  flushing  procedure,  published  in  Engineering  and 
Contracting,  Feb.  5, 1919,  are  given  in  a  report  on  street  cleaning  at  Rochester. 
N.  Y.,  submitted  by  the  Rochester  Bureau  of  Municipal  Research,  Inc..  of 
which  James  W.  Routh  is  Chief  Engineer. 

Motor  Flushing  Practice  and  Costs  at  Rochester. — In  1916  the  city  purchased 
one  motor  fiusher  of  1200  gal.  capacity,  and  in  1917  an  additional  one  of  1,600- 
gal.  capacity  was  put  Into  service.  The  first  of  these  is  mounted  on  a  5-ton 
truck;  the  second  has  a  6H-ton  truck.  A  comparison  of  the  two  flushers 
follows: 
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Flusher  No.  1 

SfWity. .    1.260  gal. 

Weight  filled 12  tons 

Indicmted  horsepower 30 

Speed  (eetimatcd) 6  to  10  miles 

Pump  (centrifugml) Direct  conn. 

NoBzIes 4 

Strainer • None 

Time  to  connect,  fill  and  set  away 5  minutes 

Time  to  empty  tank  (2  nossles) 3H  minutes 

Working  pressures  (on  level  ground)^ 

2  nossles 18  to  30  lb. 

3  noBsles • 18  to  23  lb. 

4  noxsles 10  to  15  lb 

Fuel  used  per  shift — 

Gasoline 7  gal. 

Oil 1  pint 


Flusher  No.  2 
1,500  gal. 
13H  tons 
40 

10  to  15  miles 
Direct  conn. 
4 

2H-in.  crane 
7H  minutes 
3H  minutes 

30  to  42  lb. 
26  to  30  lb. 
22  to  25  lb. 

9  gal. 
1  pint 


The  two  machines  are  used  for  flushing  some  of  the  main  streets.  Two  men, 
a  driver  and  an  assbitant,  are  used  on  each  machine.  The  assistant  makes  the 
hydrant  connections  and  operate.s  the  nozzle  levers.  When  the  1017  season 
started  the  flushing  was  done  with  new  operators  on  the  machines.  Both 
men  were  experienced  motor  drivers,  but  neither  knew  anything  about  street 
flushing;  as  a  consequence  they  did  not  always  obtain  the  best  possible  results. 

During  the  four  months,  June,  July,  August  and  September,  1017,  the  two 
machines  flushed  a  total  of  12,399,734  sq.  yd.  of  pavement,  the  total  number  of 
flushing  miles  traveled  being  1,319.18,  of  which  machine  No.  1  covered  533.52 
and  machine  No.  2f785.66.  The  average  cost  per  1000  sq.  yd.  for  the  flushing 
was  9.62  ct.  This  flgure  does  not  include  the  costs  of  the  water.  An  average 
of  338.6  gal.  of  water  was  used  per  1000  sq.  yd.  flushed.  The  average  yardage 
flushed  per  hour  amounted  to  14,515  sq.  yd.  Of  the  total  yardage  flushed, 
5,777.000  was  asphalt  pavement,  600,000  sq.  yd.  of  Medina  block  and  6,000,- 
000  sq.  yd.  asphalt  and  Medina  block.  On  the  asphalt  pavement  the  average 
number  of  gallons  of  water  used  per  1000  sq.  yd.  was  299.2,  and  the  average 
yardage  covered  was  14,976  sq.  yd.  per  hour.  The  average  cost  per  1000 
sq.  yd.  was  10.124.  In  flushing  the  Medina  block  an  average  of  365.4  gal.  of 
water  per  1000  sq.  yd.  was  used.  The  average  yardage  flushed  per  hour  was 
13.171  sq.  yd.  The  average  cost  was  8.57  ct.  per  1000  sq.  yd.  The  cost  of 
operating  the  flushers  for  the  four  months  was  as  follows: 


Gas* 

Oilt 

Labor 

Flushing,  miles 

Miles  flushed  per  gal.  gas 

I^bor  cost  per  rnilo 

Total  cost  per  mile 

*  388  gal.  for  No.  1  machine.  534  gal.  for  No 
gal.  for  No.  2. 


No.  1  machine 

No.  2  machine 

$  99.63 

$142.71 

4.84 

14.75 

462.75 

467.69 

533.52 

785.66 

1.375 

1.471 

S     0.8673 

$0.5958 

S     1.0722 

$0.7956 

2.     t  9.75  gsl.  for  No.  1  and  30 


OenercU  Commentu  an  to  Motor  Flushing. — In  general,  it  appears,  as  a  result 
of  tests  made,  that  only  two  nozzles  should  be  used  together  on  either  flusher. 
In  order  to  save  one  trip,  three  nozzles  may  be  used  on  a  narrow  street  or  for 
flushing  the  center  of  a  very  wide  street,  if  an  effective  pressure  can  stiU  be 
maintained.    This  qualification  is  important  because  it  was  found  that  whec« 
three  nozzles  were  used  together  instead  of  two,  leaa  eftecXW^  v^^samica^  vdA. 
oaasequentJy  leas  side  wash,  were  obtained.     The  tesuU  vran  XYwaX  ^\tV9  «^v:«i^ 
m>metbnea  were  left  near  the  center  of  the  street.     'W\\«ti  toux  Xvoi3N«a  ^««» 
S3 
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used  together,  water  was  wasted  and,  moreover,  the  nozzles  were  not  all 
effective,  because  the  two  in  front  interfered  with  each  other  and  pushed 
the  water  straight  ahead  instead  of  to  one  side.  The  resultant  loss  of  pres- 
sure alone  is  sufficient  cause  to  prohibit  the  use  of  four  nozzles  together  at 
any  time,  with  these  machines.  A  suggested  combination  of  nozzles  for 
different  conditions  is  indicated  in  Fig.  1.  . 

The  efficient  operation  of  flusher  trucks  depends  to  a  large  extent  on  the 
drivers,  who  have  expensive  pieces  of  appu^tus  in  their  care.  Flushers  will 
give  good  service  onl^  when  carefully  handled  and  kept  in  good  repair. 

Motor  Flushing  Results. — The  cleaning  ^results  obtained  by  motor  flushing, 
with  30  lb.  pressure  or  more,  proved  to  be  very  satisfactory  on  asphalt  streets. 
This  was  not  the  case,  however,  on  Medina  block  pavements.  These  pave> 
ments  are  laid  on  a  sand  cushion,  and  the  joints  of  most  of  them  are  not 
grouted;  hence  the  sand  and  dirt  work  up  from  the  bottom  through  the  inter- 
stices and  make  them  difficult  to  clean  and  hard  to  keep  clean.  Where  car 
tracks  are  paved  with  Medina  blocks  without  a  concrete  base,  the  area  in- 
cluded ia  still  harder  to  dean,  because  the  rails  are  all  on  a  level,  and  because 
dirt  and  sand  deposited  on  the  rails  are  caught  in  the  grooves.  On  a  rainy 
day  it  can  be  seen  plainly  how  much  cleaner  are  the  sides  of  such  streets  than 
is  the  car  track  area. 

As  the  motor  flushing  results  obtained  on  these  Medina  block  car  track 
streets  were  not  all  that  might  be  desired,  means  should  be  provided  for  im- 
proving the  work.  With  the  present  apparatus,  better  results  could  be  ob- 
tained by  making  more  trips  on  such  streets.  The  flushing  strokes  then  could 
be  lapped  more.  This  would  make  them  narrower  and  more  effective,  because 
the  side  throw  would  not  have  to  be  so  far  for  each  individual  stroke.  (Increas- 
ing the  number  of  trips,  of  course,  would  increase  the  cost  In  direct  proportion 
to  the  number  of  extra  trips.) 

In  order  to  aid  in  obtaining  the  desired  results,  diagrams,  based  on  past 
performances  of  the  local  motor  flushing  apparatus  and  needs,  have  been  pre- 
pared in  the  hope  that  they  may  be  adopted- for  the  guidance  of  flusher 
operators.  These  proposed  procedure  diagrams,  for  motor  flushers  producing 
a  maximum  pump  pressure  of  40  lb.,  are  shown  as  Fig.  1.  If  additional 
flushers  are  purchased,  higher  working  pressures  should  be  specified.  The  use 
of  such  apparatus  would  necessitate  a  modification  of  the  suggested  procedure, 
as  fewer  trips  would  then  be  necessary  to  obtain  the  same  results.  Higher 
pressures  thus  would  tend  also  to  reduce  the  unit  costs  for  the  work. 

As  experience  elsewhere  has  proved  that  on  rough  pavements  the  best 
results  can  be  obtained  by  hose  fiushing,  it  is  suggested  that  certain  Medina* 
block  pavements  be  flushed  by  hose  rather  than  by  machine,  even  if  the  sug- 
gested procedure  for  motor  flushers  be  adopted  and  new  machines  are  pur- 
chased. Streets  paved  with  Medina  block  require  the  use  of  more  water, 
because  they  are  rougher  and  dirtier  than  other  pavements.  With  hose,  the 
water  can  be  concentrated  on  the  dirty  spots,  and  rough  places  can  be  given 
special  attention. 

Suggestions  for  Bettering  the  Service. — The  following  8Ugge0ti(m8  are  made 
with  reference  to  obtaining  better  results  from  present  equipment,  as  well  as 
to  point  out  desirable  factors  in  purchasing  and  operating  new  equipment: 

As  much  valuable  time  is  lost  in  filling  the  tanks  with  water,  4-in.  intake 
pipes  and  hose,  instead  of  the  2>2-in.  size  now  used,  would  «kve  considerable 
time.  It  takes  7H  minutes  to  stop  and  fill  a  1500-gal.  tank,  and  only  3M 
minutes  to  empty  it.    Many  of  the  local  hydrants  now  have  4-in.  conneo- 
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neni  kod  hoan  can  be  obtained  a 
in  on  4-ln.  rubber  haa«  capable  of  wtthiUndlns  140  lb.  p 
wmU^SI  per  foot,  wltliout  connecllofu.    It  weighs  2  lb.  per  lineal  tool.    This 
qneatkn  alwuM  b«  given  canalcleratlon  In  purdustng  new  equipment. 

Mileage  reeocds  are  necewary  lor  obtaining  good  owt  data.  No  epeed- 
omeMn  are  naed  on  the  flusbera,  and  It  has  been  shown  that  they  aie  bard  to 
keep  In  oider.  on  account  of  the  Tibratlona  of  the  trucks.  However,  hub 
odometen  will  give  satisfactory  service  on  trucks  of  thla  alEe.  and  should  be 
■upiriled  Ki  that  the  proper  mnids  can  be  kept. 

A  wnth  while  nvlng  could  be  made  in  gsnllne  oonsumptlon  It  the  nmtot 
were  stopped  while  the  tanks  are  brine  filled,  which  Is  approximately  one-half 
<£  tbe  ttme.  As  stSTtera  arv  little  used  on  heavy  trucks,  the  engine  would  have 
to  be  cnnked  35  or  30  tlmea  a  shift  In  nich  an  event. 


Time  to  consume  1  gal 2  hr. 

At  TH  minutes  a  milngto 
210  mlnutea.  This  means 
tlwn  conaumlDg  one  gallon  every  1S3  iiilniilea.  For  aio  iiiiiiiilps  u  i 
ponllrie  saving  should  be  I.5H  gal.  For  the  6G  shlfu  in  a  waiuin.  tl 
would  be  102.7  gal.,  coating  IVft.70  wllh  Ra.iollne  ul  20  ct.  u  gulloa.  ' 
■uoUiK  eort  tor  tlils  one  truck  far  Ibe  lUlT  aamta  van  %Wll\.  a 
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were  reduced  by  $26.70  there  would  be  a  saving  of  18.7  per  cent.  This  saving, 
of  course,  would  be  multiplied  by  more  extensive  use  of  one  flusher  fuid  by  the 
use  of  several  flushers. 

The  life  of  hose  could  be  prolonged  if  more  care  were  exercised  in  turning  <m 
the  hydrants  slowly,  and  also  if  hanging  the  hose  over  one  hook  were  discon- 
tinued. If  possible,  the  hose  should  be  hung  around  the  tank  of  the  flusher 
without  kinks.  (These  points  are  largely  matters  of  instruction  and  disci- 
pline which  should  be  given  constant  attention.) 

Sometimes  sprinlding  15  to  30  minutes  before  flushing  would  increase  the 
effectiveness  of  the  results  obtained,  especiaUy  in  removing  horse  droppings. 
This  would  soften  up  the  dirt,  which  then  could  be  flushed  off  readily.  How- 
ever, the  necessity  for  sprinkling  should  be  determined  by  the  judgment  (tf  the 
man  directly  in  charge  of  the  flushing  work. 

It  is  believed  that  a  flusher  having  a  capacity  of  1,500  gal.  is  the  largest  size 
desirable  for  Rochester,  as  a  weight  much  greater  than  12  H  tons  is  likely  to 
prove  detrimental  to  the  pavements. 

Two  flushers  which  could  maintain  the  same  speed  could  be  used  to  advan- 
tage in  a  battery  on  the  wide  streets.  If  this  were  done,  the  less  frequented 
streets  could  be  flushed  first  and  the  others  done  in  the  early  morning  hours, 
when  there  would  be  no  serious  delays  from  vehicular  traffic. 

It  cannot  be  expected  that  the  best  results  will  be  obtained  if  the  work  is 
done  without  competent  supervision  in  the  field.  The  work  done  by  each 
flusher  should  be  studied  and  analyzed  imder  the  various  conditions  to  be  met, 
and  the  work  should  be  planned  so  as  to  get  the  best  results  possible  from  each 
machine.  If  this  is  to  be  accomplished,  the  night  flushing  work  must  be  under 
the  direction  of  a  night  sui)erintendent  who  understands  the  work  thoroughly 
and  who  can  develop  it  to  meet  local  conditions  satisfactorily. 

Costs,  Equipment  and  Principles  Developed  for  Flushing  Streets. — An 
improved  type  of  hose  equipment  for  hand  flushing  is  now  in  use  by  the  Depart- 
ment of  Street  Cleaning  of  New  York  City.  Previous  to  1915  it  had  employed 
ordinary  2H-in.  fire  hose  and  l}i-ia.  nozzles.  This  was  carried  oa.  the  regular 
sweei)ers'  can  carrier  or  dragged  over  the  pavement  by  sweepers.  As  a  result 
of  studies  and  experiments  the  department  has  adopted  the  2-in.  size  as 
standard  for  the  city,  and  has  developed  a  new  hose  ree^  and  new  hydrant 
equipment.  Engineering  and  Contracting,  Jan.  3,  1917,  gives  the  following 
description  of  the  New  York  equipment  and  principles  taken  from  a  paper  by 
Raymond  W.  Parlin,  formerly  Engineer  with  the  New  York  Bureau  of  Munici- 
pal Research,  prepared  for  the  1916  annual  convention  of  the  American  Society 
of  Municipal  Improvements. 

As  a  result  of  the  experiment  the  following  general  principles  for  hand  flush- 
ing api)ear  to  have  been  established: 

OenercU  Principles  of  Hand  Flushing. — (1)  The  economical  size  of  equipment 
is  dependent  upon  the  hydrant  pressures  available  and  the  length  of  hose  used. 

2.  When  the  pressure  at  the  nozzle  Is  in  excess  of  25  lb.  per  square  inch, 
water  is  delivered  through  a  ^-in.  or  l-in.  nozzle  faster  than  it  can  be  properly 
used  by  two  men  and  it  is  accompanied  by  excessive  splashing. 

3.  When  the  pressure  at  the  nozzle  is  less  than  18  lb.  per  square  inch,  water 
Is  not  delivered  fast  enough  to  keep  up  with  the  men  nor  with  force  enough  to 
enable  them  to  do  effective  work. 

4.  The  smallest  size  hose  which  will  give  pressure  at  the  nozzle  between 
18  and  15  lb.  is  the  most  economical  for  use. 

5.  Better  results  can  be  secured  by  spraying  ahead  as  far  as  the  stream  will 
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reach,  to  glre  the  material  on  the  street  a  prelimlnaiy  aoaking  prior  to  the 
direct  floBhlnirt  than  can  be  secured  by  the  direct  flushing  of  a  dry  pavement. 

6.  Larger  quantities  of  water  are  required  to  clean  rough  pavement  than 
smooth,  and  therefore  a  slightly  larger  nozzle  may  be  used  to  advantage.  (It 
Is  esttanated  that  a  H-^^  ^"^  ^  satisfactory  for  asphalt  and  a  1-in.  for  rough 
Belgian  block.) 

7.  Shut-off  nossles  are  necessary  whenever  working  in  traflBc,  both  to  save 
water  and  to  prevent  accidents. 

8.  Where  water  mains  are  large  enough  for  proper  domestic  and  fire 
supply,  flushing  will  not  interfere  with  the  ordinary  household  use. 

0.  A  hose  reel  will  enable  the  gangs  to  do  more  work  with  the  same  expendi- 
ture of  energy  and  at  the  same  time  lengthen  the  life  of  the  hose. 

10.  By  the  adoption  of  procedure  which  prevents  any  "back  tracking** 
of  the  equipment,  over  four  miles  of  walking  can  be  saved  per  gang  per  8-hour 
day  In  covering  a  given  amount  of  street,  as  compared  with  the  procedure  com- 
monly used  in  the  past,  which  saving  enables  the  gangs  to  do  more  work. 

Procsdurt  in  Handling  B^ipmtnt. — ^The  i»ocedure  in  handling  the  equip- 
ment may  be  described  as  starting  with  the  hose  reeled  so  that  the  nozzle  is  on 
top  or  outsUe;  commencing  to  unreel  when  at  a  distance  equal  to  the  length  of 
the  hose  from  the  hydrant;  unreeling  toward  the  hydrant;  placing  the  reel  on 
the  rfde-Jwalk  near  the  hydrant;  flushing  from  the  point  nearest  the  nozile 
past  the  hydrant  and  as  far  as,  the  hose  will  reach  beyond  the  hydrant;  and 
reeling  fhmi  the  hsrdrant  toward  the  nozzle;  thus  completing  the  area  served 
by  a  single  hsrdrant.  Whenever  moving  the  hose,  the  "hydrant  man"  is 
required  to  pidc  it  up  in  loops  and  drag  it  ahead  in  such  a  way  that  it  will  not 
cross  other  loops.  He  is  expected  to  keep  a  loop  at  the  nozzle  end,  even  with 
or  slightly  ahead  of  the  '*nozzle  man,**  so  that  the  latter  will  be  free  to  move 
without  assistance  at  all  times. 

Shipment. — The  New  York  equipment  consists  of  an  improved  reducer 
which  can  be  put  on  the  hydrant  without  the  use  of  a  wrench  and  an  improved 
reel  with  its  tool  box,  third  wheel,  and  special  arrangement  for  receiving  the 
reducer  in  winding  on  the  reel. 

The  cost  of  the  equipment  is  approximately  as  follows: 

Three  50-ft.  lengths  2-in.  rubber  hose  at  60  ct.  per  ft $  00. 00 

One  ^l-in.  shut-off  nosile 7 .00 

One  2yi'in.  to  2-in.  reducer,  hand  swivel  type 2.2li 

One  hydrant  key .15 

One  hose  reel 30.00 

$120.40 
(Rubber-covered  hoee  ia  preferable  to  cotton-jacket  hoee  for  this  work.) 

The  cost  of  operating  with  this  equipment  is  as  follows: 

Akitual  and  UNrr  Costs  Based  on  200-dat  Season  and  One  8-hox7E  Qmm 

Peb  Day 

Dirty  Bdsian  block  pavement;  night  work. 

Force,  1  gang. 

First  cost  equipment,  $130;  hoee,  $00. 

life  hose,  250  working  days;  other  equipment.  1,200  working  dajra. 

Interest  at  5  per  cent.     Water  at  5  ct.  per  l.CXX)  gal. 

Area  flushed  per  shift,  23,000  sq.  yd. 

Are*  flushed  per  year,  4,000,000  sq.  yd. 
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Fixed  Charqbs 

Per  year 

Depreciation  reserve  (hose  not  Included) $         7. 00 

Interest 6. 50 

Maintenance: 

Repairs  and  painting 15.00 

Storage:  20.00 

Operations: 

Hose 72.00 

Laborers.  2  at  $2. 800. 00 

Water,  900  gal.  per  1,000  sq.  yd 207. 00 

Total  annual  ocet $1 ,  127. 50 

Cost  per  1,000  sq.  yd 24.5  cts. 

When  cleaning  30,000  sq.  yd.  per  day  the  cost  per  1,000  sq.  yd.  is  19.8  cts. 


Upon  less  heavy  work  and  smooth  pavementSi  New  York  gangs  have  been 
able  to  flush  effectively  30,000  or  more  square  yards  in  8  hours,  making  as 
many  as  45  connections  to  hydrants. 

Comparison  of  Various  Types  of  Street  Fluahing  Equipment. — Mr.  Parlin 
also  gives  comparative  annual  and  unit  costs  for  (deaning  with  various  types  of 
equipment.  These  figures  are  based  upon  actual  experience  in  the  following 
cities,  with  equipment  noted:  Automobile  pressure  pump,  Chicago,  Los 
Angeles,  Cal.,  and  Rochest^,  N.  Y.;  Street  car,  pressure  pump,  Worcester, 
Mass.;  Horse-drawn,  pressure  piunp,  Detroit,  Mich.,  and  Milwaukee,  Wis.; 
Horse-drawn,  air  pressure,  Detroit,  Mich.,  and  Wa^iington,  D.  C.  He  con- 
cludes that  the  most  economical  examples  of  the  various  types  of  equipment  as 
shown  by  the  cost  comparisons  are:  1.  New  York,  hose  equipment.  2.  Mil- 
waukee, horse-drawn  equipment.  3.  Chicago,  auto  equipment.  4.  Worces- 
ter, street  railway  equipment. 

To  determine  the  relation  of  these  various  types  of  equipment  to  each  other 
a  diagram.  Fig.  2,  was  drawn,  which  shows  the  unit  cost  of  cleaning  various 
areas  with  the  four  types  of  equipment.  The  data  used  in  constructing  the 
diagram  were  based  upon  that  obtained  from  the  cities  noted  above  and  the 
assumption  that  the  area  represented  the  schedule  area  to  be  covered  each 
day  for  200  days. 

This  diagram  shows  that  hose  flushing  on  small  areas  was  the  most  econom- 
ical method;  that  up  to  40,000  sq.  yd.  the  horse-drawn'equipment  was  next 
in  economy;  that  from  40,000  sq.  yd.  to  90,  000  sq.  yd.  the  hose  was  about  as 
economical  as  the  automobile;  that  from  90,000  sq.  yd.  to  120,000  sq.  yd. 
the  automobile  was  supreme,  and  for  daily  schedule  areas  of  over  120,000 
sq.  yd.  the  automobile  and  street  car  equipment  give  nearly  the  same 
economy. 

This  means,  states  Mr.  Parlin,  that  small  cities  which  do  not  have  over 
40.000  sq.  yd.  of  hard  pavement  to  clean  eadi  day  can  better  afford  to  use 
hose  equipment  if  hydrants  are  close  enough  together  and  plenty  of  water  is 
available.  If  local  conditions  prevent  the  use  of  hose,  then  horse-drawn 
equipment  Is  economical  if  only  flushing  is  required.  If  both  flushing  on  the 
hard  pavements  and  sprinkling  on  the  macadam  or  gravel  streeto  is  desired, 
the  automobile  api)ears  to  be  by  far  the  most  economical  equipment. 

In  large  cities  there  appears  to  be  no  doubt  that  the  automobile  and  street 
car  equipment  are  the  most  economical,  perhaps  with  the  possible  exception 
(rf  those  small  or  inaccessible  areas  which  the  larger  equipment  cannot  reach. 
On  such  areas  hose  equipment  can  well  be  used  as  auxiliary  to  the  machines. 
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Wherever  the  city  has  areas  of  more  than  120,000  sq.  yd.  on  street  railway 
streets  the  street  car  equipment  should  be  economical.  Wherever  the  street 
car  franchise  provides  for  the  sprinkling  of  the  right  of  way  the  adoption  of 
this  type  of  equipment  is  especially  to  be  desired,  first,  to  eliminate  sprinkling, 
and,  second,  to  replace  it  by  flushing,  which  Is  greatly  to  be  preferred.  The 
costs  of  street  cleaning  should  be  reduced,  and  if  really  effective  sprinkling 
of  the  railway  area  has  been  provided  the  expense  to  the  traction  company 
should  be  reduced  as  well. 

Mr.  Parlin  concludes  that  i)erhaps  the  type  of  street  washing  equipment 
which  has  most  in  its  favor  is  the  combination  sprinkler,  flusher  and  squeegee. 
With  such  a  machine  it  should  be  possible  to  secure  the  most  efficient  cleaning 
and  the  greatest  economy.  One  of  the  weaknesses  of  flushing  is  the  necessity 
for  leaving  the  dirt  spread  over  a  wide  strip  to  the  gutter,  especially  on  dirty 
smoothly  paved  streets  which  have  little  crown  or  grade.  By  running  a 
squeegee  along  the  gutter  after  flushing  the  center  of  the  street  much  of  this 
objection  would  be  removed. 

Cost  of  Street  Flushing  at  Chicago. — The  following  matter  is  given  in 
Engineering  and  Contracting,  Oct.  4,  1916. 

The  city  of  Chicago  purchased  three  automobile  flushers  in  the  fall  of  1914. 
These  were  put  in  operation  about  April  10,  1915,  and  remained  in  the  service 
until  Nov.  19th,  when  weather  conditions  interfered  with  street  flushing. 
During  this  period  they  were  oi)erated  in  two  shifts  of  8  hours  each,  making  a 
total  of  16  hours  per  day.  For  various  reasons  it  was  found  most  practical  to 
have  the  drivers  on  the  first  shift  report  for  work  at  noon  to  give  their  machines 
one  hour's  attention.  Flushing  operations  would  then  begin  and  continue 
until  9:30  p.  m.  The  night  shifts  reported  for  work  at  9:30  p.  m.  and  after 
caring  for  machines  commenced  flushing  at  10:30  p.  m.,  continuing  until 
7  a.  m.  the  following  morning.  Flushers  were  operated  every  night  except 
Simday. 

In  order  to  reduce  non-productive  travel  to  a  minimum  and  enable  the 
flushers  to  cover  as  much  territory  as  possible  it  was  found  advisable  to  house 
the  machines  in  separate  sections  of  the  city,  the  north,  south  and  west  sides. 
Suitable  quarters  were  provided  in  ward  yards  most  centrally  located  to  the 
section  wherein  the  machine  operated.  Owing  to  the  necessity  of  covering 
as  much  territory  as  possible  scheduled  streets  were  covered  every  second  day 
or  night.  The  main  arteries  leading  into  the  business  section  were  covered 
nightly,  as  also  were  the  streets  within  the  business  section.  The  benefits 
derived  from  the  operation  of  the  automobile  flushers  were  most  apparent. 
On  streets  not  covered  by  the  automobile  flushers  the  displacement  of  air 
caused  by  rapidly  moving  automobiles  or  street  cars  would  invariably  raise 
a  cloud  of  dust,  whereas  on  streets  that  were  flushed  this  condition  was  almost 
entirely  eliminated. 

It  is  believed  that  one  of  the  principal  factors  in  keeping  down  the  cost  of 
flushing  was  the  installation  of  service  recorders  on  these  machines.  These 
instruments  allow  no  time  to  be  lost  without  a  proper  explanation,  thus 
preventing  the  idling  of  time  by  the  operators. 

The  following  account  of  operations  is  taken  from  the  1915  annual  report 
of  the  Department  of  Public  Works  of  Chicago: 

During  the  period  between  April  10,  1915,  and  Nov.  19,  1915.  9,939.52 
miles  of  streets  were  flushed,  with  a  total  of  271.407.644  sq.  yd.  cleaned, 
divided  as  follows: 
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lin.  ft. 

North  aide 19.213.606 

South  aide 16,248.540 

Wert  side 16,491 .675 

Loop  district 1,625,976 


8q.  yd. 

96.961,529 

93,404.220 

73.543,171 

7.768.661 


Coat 

3.303.45 

3.376.16 

3.161.87 

946.40 


271.407,644    $10,786.87 


or  an  average 


Totals 52.479.696 

Material  used  in  this  work: 
12.547  gal.  gasoline. 
572  gal.  cylinder  oil. 
642  lb.  medium  cup  grease. 
39.297  tanks  of  water  were  used,  equivalent  to  58,990.500  gal. 
of  5,865  gal.  of  water  per  mile  of  street  flushed. 

The  wcM'king  hours  are  accounted  for  as  follows: 

Hours 

Productive  hours 7 ,745. 08 

Non*prodiictive  hours 435.01 

Time  loat  (all  causes) 1 ,356.45 

Total 9,536.64 

Efficiency,  83H  %- 
T<^al  cost  of  operation  including  percentage  of  salary  of  head  motor 

truck  driver $11,209.87 

General  average  cost  of  flushing  1,000  sq.  yd .041 

General  average  cost  of  flushing  per  mile 1. 13 

Cost  of  Motor  Flttshers  at  Ottawa. — Engineering  and  Contracting,  April 
3,  1918  gives  the  foUowing  signiflcant  facts  from  the  1917  annual  report  of 
Andrew  F  Macallum,  C.  E.,  Commissioner  of  Works  of  Ottawa. 

In  1916  82  street  sweepers  were  employed.  This  year  only  55  sweepers 
were  hired,  although  2K  miles  of  new  jiavements  were  added  to  the  sweeping 
area.  Assuming  that  there  are  170  working  days  in  the  season,  the  total 
saving  in  wages  will  be  about  $12,400.  This  reduction  in  the  cost  of  the 
work  is  largely  due  to  the  use  of  motor  flushers. 

Two  1.200-gal.  capacity  motor  flushers  were  purchased  in  April  from  the 
General  Supply  Co.  These  flushers  were  operated  in  two  nine-hour  shifts 
daily.  The  estimated  cost  for  operating,  including  repairs,  was  $32  per  day, 
and  the  actual  cost  $31.  An  average  of  18  miles  of  pavements  of  all  widths 
were  thoroughly  washed  daily  at  a  cost  of  $1.72  per  mile.  (The  estimated 
daily  average  was  20  miles  at  a  cost  of  $1.60  per  mile.)  The  total  cost  for 
operating  these  flushers  for  150  days  will  be  approximately  $4,650. 

These  flushers  replaced  20  of  the  old  horse-drawn  sprinkling  wagons  which, 
if  used  regularly,  would  have  cost  $16,800  for  the  season,  making  a  saving 
of  $12,150.  The  streets  were  washed  cleaner  and  kept  in  better  condition 
than  ever  before. 

In  other  words,  each  motor  flusher  not  only  did  the  work  of  10  sprinkling 
wagons  drawn  by  horses,  but  made  it  possible  to  dispense  with  the  services  of 
1 4  street  sweeping  laborers,  effecting  an  annual  saving  of  $8,500  for  each  of  the 
two  motor  flushers. 

Comparative  Costs  of  Auto  Flusher  and  Horse-drawn  Sweeping  Outfit, 
Portland,  Ore. — Engineering  and  Contracting,  May  31, 1916,  gives  the  follow- 
ing: 

The  truck  is  a  regular  5-ton  Riker  equipped  with  tank,  capacity  of  which  is 
between  1,200  and  1,300  gal.  The  water  is  forced  onto  the  street  under  50 
lb.  pressure.  A  centrifugal  pump  is  used,  operating  from  the  engine.  The 
tire  equipment  is  40  X  6  Goodrich  Demountable  all  around.  This  truck 
cost  the  dty  $5,500,  complete,  and  operates  with  a  crew  of  Uvi«e  rcv&\\.  ^\.  ^ 
cost  ci  $0.1384  per  1,000  sq.  yd.     It  leaves  very  Ull\e  teluae  \ot  c^t\.^  \.<i  '^\0«. 
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up,  the  largest  portion  of  this  going  into  the  sewers.  By  this  process  the 
streets  stay  clean  longer,  as  no  sediment  is  left  to  turn  to  dust  as  in  the  case 
with  sweepers.    The  sweeping  outfits  represent  an  outlay  of  $5,620  as  follows: 

3  sweepers $1 ,  200 

1  sprinkler 400 

Carts 500 

12  horses  at  $250  each 3 ,000 

8  sets  of  harness  at  $50  each 400 

4  sets  of  harness  at  $30  each •     120 

$5,620 

The  sweeper  required  a  crew  of  12  men  and  the  average  cost  per  1,000  sq.  yd. 
was  31  cts. 

>  Portland  has  370  miles  of  paved  streets,  with  20,800  square  yards  to  the 
mile.  One  of  the  trucks  will  cover  6  miles  a  day  at  a  cost  of  $17.27.  The 
sweepers  covered  the  same  ground  in  an  equal  time  at  a  cost  of  $38.69.  Thus 
the  truck  is  saving  the  city  $21.42  in  a  working  day  of  eight  hours.  Allowing 
two  eight-hour  shifts  with  an  average  of  300  days  to  the  year,  it  will  be  seen 
that  a  saving  of  $6,426.00  is  effected,  or  enough  to  pay  for  the  truck.  These 
operating  costs  do  not  include  depreciation. 

Costs  of  Flushing  and  Scrubbing  at  St.  Paul,  Minn. — The  following  is 
taken  from  Engineering  and  Contracting,  Nov.  1,  1916. 

The  equipment  used  by  the  Bureau  of  Sanitation  of  St.  Paul,  Minn.,  for 
flushing  and  scrubbing  paved  streets  consists  of  five  Studebaker  power  flush- 
ers.  two  2-horse-drawn  Hvass  squeegees,  one  2-horse  Kindling  squeegee  and  one 
3-horse  Hvass  squeegee.  According  to  the  annual  report  of  M.  N.  Goss, 
Commissioner  of  Public  Works,  the  area  of  paved  streets  flushed  and  scrubbed 
in  1915  was  1,493.000  sq.  yd.  This  does  not  include  the  pavement  laid  in 
1914  or  1915  on  which  very  little  flushing  was  done  in  1915.  The  cost  of  this 
service  was  as  follows: 

Team  hire $6,389 

Labor 2,504 

Gasoline,  9,308  gal 912 

Lubricating  oil '. 123  - 

Water  (32,145,850  gal.) 1 ,285 

Repairs 1 .469 

$12,685 

Miscellaneous  labor 357 

4  new  engines  for  flushers 1 ,400 

1  Hvass  squeegee 950 

1  Kindling  squeegee 1 ,200 

3.907 

$16,592 

The  Street  Railway  Co.  paid  its  proportion  of  this  cost  which  was  24.2  per 
cent,  or  the  ratio  of  the  street  railway  area  to  the  entire  area  of  streets  flushed. 

In  the  congested  business  district  boimded  by  St.  Pet^  St..  Eighth  St.  and 
Third  St.  and  Broadway  all  streets  are  flushed  every  night  during  the  season. 
This  district  comprises  7. 12  miles  of  streets  or  an  area  of  146,400  sq.  yd.  The 
crew  consists  of  one  foreman,  three  teams  at  60  ct.  each  per  hour  and  two 
gutter  cleaners  at  25  cts.  each  per  man.  The  cost  of  one  nig^'s  fluahins 
(8  hour  shift)  in  this  district  amounts  to  $»7.61.  This  includes  gascdine, 
lubricating  oil  and  water,  but  not  repairs,  interest  or  depreciation.  This  is 
19  ct.  per  1.000  sq.  yd.  for  one  flushing.  The  flushers  are  used  on  the  day 
shift  on  streets  outside  of  the  so-called  congested  district.    The  day  shift 
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work  nine  hours.    Paved  streets  are  flushed  or  scrubbed  at  least  onoe  a  week 
during  the  season. 

As  a  matter  of  comparison  of  cost,  the  W.  Seventh  St.  district,  with  an  area 
of  80,700  sq.  yd.,  68,000  sq.  yd.  of  which  is  sandstone,  on  the  level,  with  street 
car  tracks  and  very  heavy  traflBc  and  with  intersecting  traflOc  streets  as  follows: 
8,500  sq.  yd.  of  asphalt,  10,800  sq.  yd.  of  creosoted  wood  block  and  2,400 
sq.  yd.  of  brick,  costs  for  one  flushing  $30.80  or  44  ct.  per  1.000  sq.  yd.  This 
district  is  flushed  once  a  week  and  is  one  of  the  hardest  districts  to  dean. 

The  E.  Seventh  St.  district  with  an  area  of  150,400  sq.  yd.,  of  which  100,800 
sq.  yd.  are  brick,  steep  gradient,  street  car  tracks,  automobile  traffic  and  ligh^ 
miscellaneous  traffic  with  intersecting  streets  as  follows:  25,600  sq.  yd.  of 
asphalt  and  15,000  sq.  yd.  of  sandstone,  cost  for  one  flushing  $43.56  or  20  ct. 
per  1,000  sq.  yd.  The  crew  in  each  of  the  above  cases  was  one  foreman,  three 
teams  and  two  gutter  cleaners  working  one  8-hour  shift. 

The  squeegees  are  operated  only  in  the  day  time  on  smooth  pavements, 
such  as  creosoted  wood  block  or  asphalt.  The  3-hor8e  squeegee  scrubs  42,- 
000  sq.  yd.  of  pavement  in  one  0-hour  shift  and  uses  11,000  gal.  of  water,  the 
resulting  cost  being  17H  ct.  per  1,000  sq.  yd.  scrubbed.  The  2-hor8e  squee- 
gees do  a  slightly  less  amount.  The  totid  amount  of  water  used  for  street 
flushing  purposes  during  the  1015  season  was  3i2, 145.850  gal.  for  which  the 
department  was  charged  $1,286. 

Street  Flushing  at  Worcester,  Mass.,  by  Trolley  Flushers. — Engineering 
and  Contracting,  April  4,  1917.  gives  the  following: 

For  many  years  the  city  of  Seattle  has  been  celebrated  for  its  cleanliness 
and  low  death  rate  (8  per  1,000).  Seattle  has  used  flushing  wagons  that  hurl 
powerful  streams  of  water  upon  the  pavements  and  wash  them  as  clean  as  a 
kitchen  floor.  The  flushers  work  at  night.  Worcester,  Mass.,  has  adopted 
the  same  method,  but  with  a  variation  that  is  worthy  of  notice.  In  Worcester 
trolley  cars,  instead  of  wagons,  are  used. 

Each  flushing  car  has  a  2,900-gal.  tank  that  is  filled  from  sub-surface 
hydrants.  For  flushing,  a  centrifugal  pump  on  the  car,  driven  by  a  45-H.  P. 
motor,  delivers  600  gal.  per  min.  at  a  pre^ure  of  80  lb.  per  sq.  in.  Three 
nozzles  on  the  car  itself  and  two  on  swinging  arms  that  reach  almost  to  the 
curb,  flush  the  vridest  street  clean. 

The  best  results  are  obtained  by  sprinkling  the  street  with  the  car  about  an 
hour  before  flushing,  for  this  softens  up  the  dirt.  A  40-f t.  street  requires  about 
3,000  gal.  per  mile  for  the  sprinkling  and  10,000  gal.  for  the  subsequent  flush- 
ing, or  a  total  of  13,000  gal.  per  mile.  A  car  will  sprinkle  and  flush  0  miles  of 
street  (averaging  about  30  ft.  wide)  per  night  of  8  hours,  using  05,000  gal. 
of  water. 

The  American  Car  Sprinkler  Co.,  of  Worcester,  has  the  contract  for  this 
work,  and  its  annual  charge  for  a  30-ft.  street  is  about  $550  per  mile. 

A  few  push-cart  men  clean  up  the  gutters  in  the  morning,  but  the  rest  of 
the  street  is  left  perfectly  clean  by  the  flushing. 

Previous  to  the  use  of  the  trolley  flushers,  when  day  sprinkling  was  required, 
three  car  sprinklers,  making  several  trips  over  each  street  every  day,  covered 
the  same  area  now  covered  by  the  two  flushers,  which  make  one  trip  nightly  for 
sprinkling  and  flushing  combined.  The  flushers  work  8  hours  and  the 
sprinklers  under  the  old  method  14  hours. 

The  amount  of  water  used  under  the  flushing  system  is  about  60  per  cent 
of  that  used  under  the  old  style  day  sprinkling,  while  the  \)TewTv\,  <t«vc^\xw«\ 
BpTiDkhi^r  and  ffusbJng-  u.ies  about  R5  per  cent  of  the  amaxml. 
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The  cost  of  catch  basin  cleaning  has  been  just  about  doubled  on  streets 
which  are  flushed.  The  average  cost  per  catch  basin  per  year  for  cleaning  was 
$1 .95,  and  on  streets  flushed  this  has  been  increased  to  $3.90. 

The  method  of  flushing  by  cars  is  not  only  cheaper  than  hand  cleaning  with 
brooms,  but  what  is  even  more  important  is  the  fact  that  fluking  is  far  more 
effective  than  brooming.  Moreover,  sprinkling  during  the  day  is  no  longer 
necessary  to  keep  down  the  dust. 

Comparative  Costs  of  Street  Sprinkling  with  Motor  Trucks  and  Horse 
Drawn  Tanks. — Engineering  and  Contracting,  Sept.  5,  1917,  publishes  the 
following  comparative  costs  of  street  sprinkling  with  motor-driven  sprinklers 
and  with  team^hauled  tanks,  given  in  a  report  of  the  Board  of  Public  Works, 
Los  Angeles,  Cal. 

Savings  in  money  and  water,  more  efficient  sprinkling  and  relief  of  traffic 
conditions  were  among  the  benefits  reported  after  a  year's  use  of  the  motor- 
driven  trucks. 

Teams: 

Total  team  days  of  8  hours  each 10,910 

Loads  of  water  used,  550  gal.  per  load 303 ,  722 

Average  loads  of  water  used  per  day  (per  team) ^27 . 8 

Miles  of  streets  sprinkled 47 ,  209 . 7 

Miles  of  streets  sprinkled  per  day,  average  (per  team) 4 .  33 

Cost  for  team  hire $51,301.16 

Cost  for  team  hire  per  mile  of  street  sprinkled $         1 .  087 

Motor  Sprinkling: 

Total  truck  dasrs  of  8  hours  each 1 ,  178 .  25 

Loads  of  water  used,  1,200  gal.  per  load 49 ,  618 

Average  loads  of  water  used  per  day  (per  truck) t42 .  11 

Miles  of  streets  sprinkled 20,303. 38 

Miles  of  streets  sprinkled  per  day,  average  (per  truck) 17. 23 

Cost  for  truck  hire $17,519.98 

Cost  for  truck  hire  per  mile  of  street  sprinkled $         0 .  863 

*  This  is  a  rate  of  a  load  in  17  min.  for  the  team  tank,  sprinkling  820  ft.  of 
street. 

t  This  is  a  rate  of  a  load  in  11  min.  for  the  truck  tank,  sprinkling  2,170  ft.  of 
street. 

Comparative  Cost  of  Bituminous  Surface  Applications  and  Water  Sprinkling 
in  New  York  City. — Engineering  and  Contracting,  May  15,  1912.  gives  the 
following  data  from  a  paper  by  William  H.  Connell  before  the  A.  S.  C.  E. 

The  results  from  tar  have  been  very  satisfactory,  about  H  or  H  gal.  per 
sq.  yd.  being  applied  and  covered  with  torpedo  sand  or  fine  wash  gravel. 
This  formed  a  very  desirable  surface,  at  a  cost  of  $0,035  for  H  gaL  and  $0,045 
for  >^  gal.  per  sq.  yd.     In  these  treatments  the  tar  was  applied  cold. 

The  Grand  Boulevard  and  Concourse  was  treated  with  a  heavier  tar,  \diich 
was  applied  under  pressure  through  a  hose  at  a  temperature  of  220°  F.,  H  gftl. 
per  sq.  yd.  being  used,  and  then  covered  with  torpedo  sand  or  fine  washed 
gravel.  This  road  has  been  in  use  for  6  months,  and  although  it  has  been 
subjected  to  very  heavy,  high-speed  automobile  traffic,  it  is  now  in  first-class 
condition.  The  cost  was  $0,138  per  sq.  yd.,  which  is  high,  owing  to  the  lack 
of  proper  facilities  for  handling  the  bituminous  material  and  the  numerous 
delays  which  occurred.  In  the  Borough  of  the  Bronx  a  fair  cost  would  be 
from  $0.09  to  $0.10  per  sq.  yd.  for  this  treatment.  Before  the  application  (^ 
tar  in  these  treatments,  the  road  was  thoroughly  swept  with  horse-drawn  and 
hand  brooms. 

Asphalt  road  oil  of  about  20^  Baum^  gravity  was  applied,  to  a  number  of 
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macadam  roads,  using  >4  gal.  per  sq.  yd.  On  roadways  having  light  or  med- 
ium trafBc,  one  application  a  year  was  sufficient  to  keep  the  road  dustless; 
heavily  traveled  roadways  required  two  and,  in  some  instances,  three  applica- 
tions. The  cost  of  this  treatment  was  $0,013  per  sq.  yd.  when  hi  gal.  per  sq. 
yd.  was  used.  The  oil  was  applied  with  a  pressure  distributor  on  a  number  of 
roadways,  and  the  cost  was  $0,000  for  H  gal.  per  sq.  yd.  This  method  of 
treatment  is  both  economical  and  desirable.  Just  enough  pressure  was 
applied  (about  15  lbs.)  to  drive  the  oil  into  the  interstices  of  the  stone  to  a 
sufficient  depth  to  avoid  having  a  mushy  road  surface.  Before  the  application 
of  the  asphalt  road  oil.  the  surface  was  swept  with  a  horse-drawn  sweeper  only. 

Preparations  are  now  under  way  to  equip  the  Bituminous  Application  Divi- 
sion with  a  sufficient  number  of  pressure  distributors  to  do  all  the  bituminous 
surface  work  in  1^2.  For  the  cold  treatments,  the  distributing  device  can 
be  attached  to  an  ordinary  water  sprinkler.  The  heavier  materials  will 
require  the  use  of  heater  wagons. 

The  bituminous  material  applied  to  the  different  roadways  was  selected 
from  the  standpoint  of  its  adaptability  for  each  particular  case.  The  stoae 
used  consists  largely  of  Rockland  Lake  and  Clinton  Point  crushed  trap  rock. 

The  following  table  gives  a  comparison  of  the  cost  of  surface  treatments 
and  water  sprinkling  in  the  Borough  of  the  Bronx,  the  water  sprinkling  being 
based  on  sprinkling  from  three  to  four  times  a  day  for  180  days,  at  $5  per  d«y 
for  a  team,  and  water  at  $0.10  per  100  cu.  ft.: 

Tar.  H  saL  per  sq.  yd $0,035 

Tar,  H  gal.  per  sq.  yd 0.045 

Asphalt  road  oil,  about  20°  Baum^  gravity.  H  gal.  per  sq.  yd 0.013 

Two  applications 0. 026 

Asphalt  road  oil,  about  20°  Bauin^  gravity,  pressure  diatributor,  Hs  gal. 

per  sq.  vd 0.009 

Two  apphcations 0. 018 

Water  sprinkling 0.051 

The  following  figures  relate  to  material  and  wages  paid  to  laborers  in  the 
Borough  of  the  Bronx: 

Foreoian,  per  day $4.00 

Ijaborers,  per  day 2 .  25 

Average  price  of  tar  at  freight  yard,  per  sal 0. 061 

Averace  price  of  asphalt  road  oil  at  freight  yard,  per  gal 0. 04 

Torpedo  sand  on  work  but  not  spread,  per  cu.  yd 1 .  30 

With  the  use  of  pressure  distributors  in  1912,  the  cost  of  applying  the  tar 
will  be  greatly  reduced.  The  former  method  required  the  services  of  three 
laborers,  whereas  a  distributor  will  need  only  one  man  to  operate  it,  and  more- 
over the  time  required  to  apply  the  tar  will  be  reduced. 

Further  costs  of  oiling  road  surface  are  given  in  Chapter  XV. 

Cost  of  Calcium  Chloride  as  Dust  Preventive  on  Gravel  Roads. — The 
Connecticut  Highway  Commission  has  obtained  excellent  results  from  the  use 
of  calcium  chloride  as  a  dust  preventive  on  gravel  roads  passing  through  spame- 
ly  settled  sections.  The  methods  employed  in  making  the  applications  are  de- 
scribed by  W.  Leroy  Ulrich,  Superintendent  of  Repairs,  of  the  State  Highway 
C<>mnd.s.sion.  in  Public  Roads,  from  which  the  matter  following  is  al).struot4'<l 
in  Engineering  and  Contracting,  June  4.  1919. 

The  material  is  put  up  in  metal  drums,  holding  about  350  lb.  per  druuv^  a^iwV. 
coHts  at  the  present  time  between  $20  and  $30  per  ton  al  t^^e  \>o\tv\.  ol  v^xV^vcveoK 
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The  price  varies  with  the  amount  purchased.  The  drums  will  be  painted  by 
the  shippers  without  extra  charge  if  requested.  If  this  is  done,  material  may 
be  stored  for  future  use  in  any  reasonably  dry  place.  If  it  is  not  done,  the 
drums,  being  very  light-gauge  material,  quickly  rust  out,  exposing  the  chloride 
to  the  air,  from  which  it  immediately  attracts  m(^ture  and  solidifies,  in  wbicii 
form  it  is  very  expensive  to  handle.  If  properly  sefded  and  handled,  when  the 
drum  fs  oi)ened  it  will  roll  out  in  the  form  of  kernels  about  the  size  and  appear- 
ance of  popcorn; 

In  order  to  obtain  l^e  best  results  the  surface  of  the  road  to  be  treated  should 
be  kept  in  shape  by  the  use  of  a  drag  for  about  two  weeks  previous  to  the  appU- 
cation  of  the  material.  This  will  insure  proper  cross  section  and  a  reasonably 
smooth  surface  for  receiving  the  material.  The  application  may  be  made^by 
laborers  spreading  with  shovels,  but  this  is  not  satisfactory^  on  long  sections  as 
it  is  too  slow  and  expensive.  A  uniform  distribution  can  not  be  obtained  by 
this  method.  Any  ordinary  lime  sower  will  spread  the  chloride,  but  it  is 
economical  to  purchase  a  special  machine  for  this  purpose.  These  machines 
may  be  purchased  in  different  widths  for  use  with  a  sin^e  horse  or  a  pair. 

In  making  application  with  the  use  of  horses  the  drums  are  distributed  along 
the  road  at  regular  intervals,  one  at  a  point  if  a  narrow  machine  is  used,  and 
two  if  the  wider.  The  necessary  interrid  is  determined  by  the  amount  of 
material  to  be  applied.  About  lyi  lbs.  per  square  yard  is  necessary  for  the 
first  application,  which  should  be  followed  by  a  second  treatment  at  1  lb.  per 
square  yard.  The  interval  between  applications  depends  upon  the  quality 
and  condition  of  the  surface  on  which  the  material  is  spread  and  the  character 
and  volume  of  the  traffic  carried.  Under  moderate  traffic  a  good  surface 
would  not  require  more  than  two  applications  per  year;  undCT'  heavy  traffic 
three  may  be  necessary.  The  best  results  are  obtained  if  the  material  is 
spread  on  the  road  after  a  rain,  when  it  is  wet,  as  a  better  penetration  is  ob- 
tained at  this  time. 

In  making  an  application  with  a  2-horse  machine  with  a  spread  of  10  ft., 
two  drums  are  distributed  every  220  ft.  Tliis  machine  will  hold  the  contents 
of  two  drums  and  after  filling  is  run  up  one  side  and  down  the  other  and  then 
up  the  middle  of  the  road,  stopping  at  the  point  where  the  next  two  drums 
have  been  placed.  This  applies  a  little  less  than  1  lb.  per  square  yard  on  each 
edge  of  the  road  and  nearly  2  lb.  on  the  center  10  ft.  This  method  has  proven 
more  satisfactory  than  making  an  even  distribution  over  the  entire  surface. 
The  same  method  may  be  followed  with  the  one-liorse  machine. 

In  order  to  eliminate  the  necessity  for  the  distribution  of  the  drums,  the 
machine  may  be  hauled  behind  and  fed  directly  from  an  automobile  truck. 
Eighteen  drums  may  be  carried  on  a  3-ton  truck,  which,  running  continuously 
in  one  direction,  will  cover  one  width  for  about  6,200  ft.  Three  trips  wtU 
complete  the  treatment  of  this  length  d  road.  This  has  proven  a  little  more 
economical  than  distributing  the  drums  and  spreading  with  horses. 

During  the  handling  of  the  material,  all  workmen  should  wear  rubber 
boots,  as  the  chemical  action  of  the  chloride  is  very  detrimental  to  leather.  It 
is  also  well  to  provide  cotton  gloves,  otherwise  the  hands  will  soon  become 
sore.  The  hoofs  and  hocks  of  the  horses,  which  are  working  on  the  distributor, 
should  be  cleaned  and  greased  night  and  morning.  After  the  chloride  is 
melted  on  to  the  surface  of  the  road,  it  will  not  cause  injury  to  horses  or  to 
automobile  tires. 

Proper  application  of  calcium  chloride  results  in  a  smooth  and  practically 
dustless  surface,  making  a  roa<l  with  almost  ideal  riding  qualities.     WhUc 


STREET  SPRINKLING  AND  CLEANING  879 

ot  considered  as  a  binder  this  treatment  does  toughen  the  surfaoe.  making  it 

M8  liable  to  ravel.    One  of  the  great  advantages  of  roads  treated  in  this  maa- 

.er  is  the  ease  with  which  the  resulting  surface  may  be  maintained.    AU  that 

is  required  is  a  light  dragging  at  intervals  in  order  to  keep  the  surfaoe  fmooth. 

On  account  of  the  moisture  held  in  the  surfaoe  this  maj  be  done  whenever 

necessary  without  waiting  for  a  rain. 

The  surfaoe  of  most  gravel  roads  softens  up  in  the  spring  when  the  frost  is 
leaving  the  ground  and  the  calcium  treatment  does  not  overcome  this  condi- 
tion. The  results  in  Connecticut  show  that  the  treated  roads  do  not  mud  up 
any  more  than  untreated  roads  of  the  same  quality  and  not  as  much  as  roads 
of  this  quality  which  have  geen  treated  with  a  nonasphaltic  oil.  The  con- 
tinued use  of  chloride  has  an  accumulative  effect.  After  two  or  three  years, 
with  two  applications  per  year,  the  effect  of  the  material  is  plainly  noticeable 
in  the  spring,  after  the  road  has  settled. 

During  the  year  of  1018,  with  labor  at  approximately  $2.75,  teams  at  $7.50, 
3-ton  trucks  at  $25,  the  cost  of  this  treatment  in  Connecticut  per  square  yard 
per  year  (two  appUcations)  has  been  $0,081,  divided  as  follows:  Chloride 
$0,026.  handling  and  application  $0,005. 

Snow  Fighting  vs.  Snow  Removal  at  New  York  City. — The  following  is 
given  in  Engineering  and  Contracting,  July  4,  1017. 

New  methods  of  snow  removal  inaugurated  in  New  York  City  by  Mr.  J.  T. 
Fetherston.  Conunissioner  of  Street  Cleaning,  have  more  than  trebled  the 
rate  of  removal  and  aliso  have  reduced  the  cost  68  per  cent.  Under  the  new 
plant  the  old  system  of  removal  by  contractors  has  been  amended  so  that  the 
city  now  does  the  larger  part  of  the  work  by  the  direct  employment  of  labor 
and  the  use  of  department  equipment.  The  following  outline  of  the  methods 
employed  is  taken  from  the  recently  issued  report  of  the  Department  of  Street 
Cleaning,  covering  the  year  ending  Dec.  31,  1016: 

Owing  to  contracts  in  existence  when  the  present  administration  assumed 
direction,  application  of  the  new  principles  was  confined  in  the  winter  of  1013- 
1014  to  a  limited  use  of  sewers  for  snow  removal.  As  a  result  of  the  winter's 
experience  and  tests  that  were  made,  it  became  apparent  that  the  city  had  had 
available  for  years  a  possible  soluti(m  of  the  problem  of  rapid  snow  removal, 
through  the  extensive  use  of  sewers,  not  alone  after  a  snowfall,  but  during  the 
progress  of  the  storm.  The  experience  of  that  winter  demonstrated  to  the 
satisfaction  of  the  administration  that  snow  work  should  be  started  with  the 
storm  and  clean  snow  dumpe<i  into  the  sewers  as  it  falls.  Such  methods  imply 
an  attempt  to  keep  pace  with  a  storm,  instead  of  trying  to  dig  the  city  out 
after  a  block  has  occurred. 

In  the  summer  and  fall  of  1014  the  Department  made  preparations  to  apply 
during  the  following  season  its  new  programme  for  handling  snow.  This 
preparation  included  a  thorough  survey  of  the  city's  sewer  system,  specialized 
instruction  of  the  Department's  forces,  enlargement  of  standard  equipment, 
enrollment  of  emergency  workers  as  "  snow  fighters"  ami  the  T)lotting  of  the 
city  so  that  practically  50  per  cent  of  its  entire  area  could  lie  cared  for  by  the 
simultaneous  attacks  of  the  "snow  fighting"  gangs,  within  four  hours  after 
the  call  to  go  to  work.  Plans  called  for  pushing  snow  into  scwt^r  manholes  by 
the  use  of  panscrapers  operated  by  hand,  and  drag-scrapers,  each  drawn  by  a 
sln^e  horse. 

These  plans  did  not  eliminate  contract  snow  removal,  as  large  quantities 
of  snow  still  had  to  be  carted  to  the  river  dumps  or  main  sowers;  nor  did  they 
release  the  city  railways  from  their  obligations  to  dear  t\\e  hivov;  \to\\\  c^tVaXx^ 
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streets  carrying  railway  tracks.  But  up  to  this  time  the  city  had  depended 
upon  trucks  alone  to  haul  snow  from  the  streets  to  water  front  dumps  and, 
consequently,  the  speed  of  snow  removal  had  depended  upon  the  supply  cxf 
trucks  available  for  the  work. 

Results  of  the  application  of  the  new  system  during  the  winter  of  1914-1915, 
as  compared  with  preceding  winters,  showed  the  rate  of  removal  doubled  as 
compared  with  the  best  f>revious  record,  and  that  the  cost  per  cubic  yard 
decreased  67  per  cent  compared  with  lowest  previous  unit  cost  record.  The 
total  fall  of  snow  for  the  winter  was  22.4  in.,  and  the  total  cost  of  removal  was 
$523,892.  If  the  entire  snowfall  of  the  winter  had  be^i  handled  by  contract- 
ors' trucking  forces  alone,  at  the  lowest  previous  contract  rate  ($0,367  per 
cubic  yard),  the  cost  of  the  season's  work  would  have  amounted  to  $1,584,822. 
The  total  area  of  the  streets  in  the  three  boroughs  scheduled  for  snow 
work  in  in  the  winter  of  1914-1915  was  32,607,081  sq.  yd.,  or  927  miles  of 
streets. 

When  the  first  snow  of  the  winter  of  1915-16  arrived,  it  found  the  Depart- 
ment further  strengthened  by  valuable  additions  to  its  equipment  and  better 
trained 'Organization;  but  the  beneficial  effects  of  these  improvements  were 
counteracted,  to  some  extent,  by  the  shortage  of  labor  available  tot  em«:gency 
snow  work.  Schedules  called  for  14,737  emergency  laborers,  winking  in  9- 
hour  shifts,  while  storms  were  in  progress.  The  average  niunber  of  men 
secured  was  9,060,  or  61  per  cent  of  the  required  number.  Use  of  snow  plows, 
designed  by  the  Department  and  attached  to  commercial  motor-driven  trucks, 
aided  in  reducing  the  effect  of  the  shortage  of  labor.  These  plows  were  used 
for  piling  snow  in  the  center  or  on  the  sides  of  streets. 

Over  50  in.  of  snow  fell  during  that  winter,  compared  with  the  average  fall 
of  32.2  in.  The  total  area  scheduled  for  snow  work  in  the  three  boroujghs  had 
increased  to  33,311,899  sq.  yd.,  which  represented  946.17  miles  of  streets. 
Nearly  12,000,000  cu.  yd.  of  snow  (truck  capacity  basis)  were  removed  at  a 
gross  cost  of  $2,521,299.55,  or  at  the  rate  of  21.2  ct.  per  cubic  yard.  This  was 
more  than  double  the  quantity  (trudc  capacity  basis)  removed  by  the  city  dur- 
ing any  previous  winter  season,  and  the  cost  was  less  than  half  the  average 
cost  per  cubic  yard  for  the  previous  7  years.  No  serious  complaints  were 
made  regarding  snow  removal  during  the  season,  which  is  creditable  to  speedy 
action  in  opening  main  arteries  with  automobile  snow  plows,  employment  of 
the  largest  procurable  force  of  em^g^icy  laborers  during  storms  and  the  use  a< 
sewers  for  the  disposal  of  snow. 

Including  the  statistics  of  Uie  snow  storm  of  Dec.,  1917,  the  total  fall  of  snow 
for  the  calendar  year  1916  was  54.6  in.;  average  for  the  previous  47  yeara 
32.16  in.  The  daily  rate  of  removal  during  1916  was  198,000  cu.  yd.,  com- 
pared with  the  grand  average,  1907  to  1915,  inclusive,  of  71386  cu.  yd.  Rate 
of  daily  removal  during  and  following  the  storm  of  Dec.  15  last  surpassed  all 
previous  records.  There  was  a  snowfall  of  12  in.  The  cubic  yards  removed 
totaled  2,178,301.  Nine  days  were  required  for  completion  of  the  task,  the 
daily  removal  approximating  242,000  cu.  yd.  This  record  was  achieved  de- 
spite a  shortage  of  labor,  because  of  the  alinost  perfect  working  of  the  system 
established  by  the  Department.  An  important  feature  was  the  use  of  120 
city  snow  plows  driven  by  commereial  motor  trucks. 

The  following  tables  present  statistics  of  snow  storms  and  snow  removal 
work  during  1916.  The  tables  showing  the  area  assigned  to  each  of  the  three 
forces  engaged  upon  snow  work  show  only  slight  changes  from  the  taldes 
showing  corresponding  statistics  in  1915. 
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Total  Abba  and  Mzlbaob  of 

Street  area,  Length, 

Borough                                                                              sq.  yds.  milea 

Manhattan 16,201,019  460.25 

The  Bronx 3,774.466  106.89 

Brooklyn 13,250,063  376.68 

Totals 33,225,628  943.82 

ScHBDULB  roB  Snow  Fiohtino  Fobcb 

Street  area.  Length, 

Borough                                                                              sq.  yds.  miles 

Manhattan 12,542,820  356.38 

TheBronz 3.031,165  86.11 

Brooklyn 8,886,701  252.48 

Totals 24.459,686  694.87 

CONTBACT  SCHBDULU,    MaNDATOBT   StBBBTS 

Street  area.  Length, 

Borough                                                                                 sq.  yds.  miles 

Manhattan 2,608.981  71.27 

TheBronz. 309.079  8.78 

Brooklyn 2.930.400  83.26 

Totals 6.748,460  163.30 

Stbbxt  Railway  Schedule 

Street  area.  Length, 

Borough                                                                                sq.  yds.  mUeB 

Manhattan 1,149,218  32.66 

The  Bronx 434.212  12.00 

Brooklyn 1.433.952  41.00 

Totals 3,017,382  85.65 

Depth  and  Weight  and  Density  of  Snow 

Density,      Weight  per 

1916                                                                         Depth     per  eent  cu.  ycL 

February  2,  3 6.0           .16  269.46 

February  13,  14 6.4           .16  253.80 

Mareh  2 3.2           .09  161.20 

March  6, 7 7.6           .13  218.7 

Maroh8 4.0           .14  234.9 

March  10 1.4           .10  167.4 

March  15,  16 4.1           .11  186.3 

Mareh  21 2.1           .04  67.5 

March  22 2.9           .23  386.1 

April  8,  9 2.3           .20  337.6 

December  15 12.0           .05  84.4 

52.0 

Snow  Fiortlnq  Versus  Snow  Removal 

^1                      g.  is. 

.•                 o  o                                           S  >»  >»  <f 

^           -S  S                t               .  ^  .  o  ^ 

Contract  snow  removal 48      2.681 .289  1.366.962  $0,509     66.860 

City  snow  fighting 66      9.754.479  1.129,517    0.l\ft\l\A«l 

TataJ 12.435,768  2.496, 41NQ  %Q.^\  " '"^ 
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Snow  Equipment  on  Dbc.  31.  1916 

o        o  "9 

Is  n  n  -s    ^ 


'^  1g    "^     a^  8fe     8  I         -S        . 


Borough 

Manhattan 113  61         3         64  12  11  7.677  4,038  4.730 

The  Bronx 17     4       . .          10  3  3  1,529       617      674 

Brooklyn 39  18         1         26  5  6  4.068  2,869  2,132 

Total 169  86         4       100  20  19  13.264  7,524  7,436 

4S  a  ^ 


I 


n        (A     ^      m         m    z      £      m 

Manhattan 484       11 ,984  104       210  925  306       171       666 

The  Bronx 90        2,860     14         43  139     43         30       105 

Brooklyn 311         7,477     76         82  346     62         54       180 

Total 886       22.321194       335       1,410  411       256      940 

'Carried  on  auto  trucks  for  making  minor  repairs  to  auto  plows  in  the  field. 
tCarried  in  stables  for  making  repairs  to  auto  plows. 

The  average  daily  rate  of  removal  for  the  two  years  under  the  old  method 
was  61,390  cu.  yd.,  at  an  average  cost  to  the  city  of  $0,635  per  cubic 
yard.  Under  the  new  method,  the  average  daily  rate  of  removal  for  the 
two  years  was  234,211  cu.  yd.,  at  an  average  cost  of  0.188. 

Cost  of  Snow  Removal  by  South  Park  Commissioners,  Chicago,  was  given 
by  H.  F.  Richards,  in  a  paper  presented  March  4,  1918,  before  the  Western 
Society  of  Engineers.  Extracts  from  the  paper,  as  given  in  Engineering  and 
Contracting,  April  3,  1918,  follow. 

The  areas  covered  by  the  South  Park  Commissioners  in  their  snow  cleaning 
work  include  about  67  miles  of  drives  and  175  miles  of  waXka  and  90  to  95  acres 
of  skating  ice. 

The  South  Park  snow  handling  equipment  includes  five  3-wheeled  tractors 
fitted  with  detachable  V-shaped  plows  having  wing  extensions  and  with  de- 
tachable revolving  street  brooms,  one  4-wheeled  tractor  equipped  with  both 
V-shaped  and  straight  moldboard  attachments,  some  very  large  snow  hauling 
wagons,  20  large  4- wheeled  iron  plows  of  the  road  grader  type,  17  large  wooden 
4-wheeled  tractors  fitted  with  detachable  revolving  street  brooms,  one  4. 
wheeled  tractor  equipped  with  both  V-shaped  and  straight  moldboard  attach- 
ments. 17  large  wooden,  4-wheeled  plows  similar  to  the  road  graders,  6  small 
iron-wheeled  plows  used  mainly  for  cleaning  snow  off  sidewalks  around  the 
smaller  parks,  several  straight  moldboard  attaclmients  for  auto  trucks,  and 
a  considerable  number  of  large  ajax  scrai)ers,  triangle  plows.  Ice  shaving 
machines,  etc.,  for  cleaning  the  fields  of  skating  ice. 
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The  foUowing  itatement  shows  the  cost  of  cleaning  snow  from  thei>ark 
drivewajrs,  the  time  required  for  carrying  out  the  worlc  being  3  days: 

First  Day  (A.  M.). — Plowing  snow  to  the  gutters  from  Washington  Park 
stables  to  12th  St.  and  Michigan  Ave.,  over  the  following  driveways: 

Area, 
Width,  ft.    sq.  yd.         Miles 

Wsdiington  Park  (part) 40-50  80.000  1.20 

Grand  blvd.  (center  drive) 55  64 .416  2.00 

South  Park  ave.  (35th  to  33rd) 42  6.122  0.25 

33rd  Bt.  (South  Park  to  Michigan) 42  8 . 282  0. 81 

Michigan  ave.  (33rd  to  12th) 50  67.320  2.25 

176,140        6.01 

Cubic  yards  of  snow  on  drive,  at  4  in 10 ,  571 

Cabio  yards  of  snow  on  drive,  at  6  in 20 ,  857 

For  a  4-in.  snowfall  it  is  estimated  that  40  horses  (5  right  4-horse  hitches 
and  6  left  4-hor8e  hitches)  will  be  required  to  plow  these  drives  in  5  hours 
before  noon.  At  the  rate  of  $6  per  8-hour  day  for  team  and  driver,  the  cost 
wUlbe$75. 

For  a  6-in.  snowfall  it  is  estimated  that  48  horses  (6  right  4-hor8e  hitches 
and  6  left  4-hor8e  hitches)  will  be  required.  At  the  rate  of  $6  per  8-hour  day 
for  team  and  driver,  the  cost  for  5  hours'  work  will  be  $90. 

Cost  or  Plowing  Snow  Otv  Abovs  DanrswATS 

Per  1,000 
Per  mile         aq.  yd.        Per  cu.  yd. 
of  drive       pavement         of  snow 

For  4-in.  snowfall $12.40           $0,427  $0.00384 

For  6-in.  snowfall 14 .  98               .512  .00307 

Total  cost  (without  overhead)  for  4-in.  anowfall $75. (X) 

Total  cost  ((without  overhead)  for  6-in.  snowfall 90. 00 

Firtt  Day  (P.  M.). — In  the  afternoon  half  of  the  teams  which  plow  from 
the  park  stables  to  12th  St.  and  Michigan  Ave.,  in  the  morning  will  plow  snow 
to  the  sides  of  the  drives  on — 

Width,  Area,  Lencth, 

ft.  sq.  yd.  miles 

Drexel  Blvd.  (both  drives) 40*  70.224  3.00 

Oakwood  Blvd 50  17.060  0.50 

Washington  Park  (part  of  drives) 40-50  20.000  0.80 

The  other  half  of  the  teams  will  plow.  . 

Garfield  Blvd.  (South  Park  to  State) 40  11 .  733  0 .  50 

Michigan  Ave.  (55th  to  33rd) 60  82 .  228  2 .  75 

201.245  2.75 
•  Each. 

Cubic  yards  of  snow  on  drive  at  4  inches 22 .360 

Cubic  yards  of  snow  on  drive  at  6  inches 33. 541 


The  cost  of  the  afternoon's  work  (5  hours)  will  be  the  same  as  for  the  morn- 
ing's plowing — $75  for  a  4-ln.  snowfall  and  $90  for  a  6-in.  snowfall.  These 
drives  will  not  be  gone  over  twice,  but  it  is  intended  to  go  over  the  drives 
between  the  Washington  Park  stables  and  12th  St.  on  Michigan  Ave.  twice 
in  order  to  get  them  as  clean  as  possible,  as  the  first  tr\p  ovct  Wve  ^fw«ft'vMMJi&:i 
does  not  remove  all  of  the  snow. 
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Cost  op  Plowing  Snow  Off  Drives  Cleaned  in  the  Aftbbnoon  of 

FiKST  Day 

Per  1,000 
Per  mile       sq.  yd.  of      Per  cu.  yd. 
of  drive        pavement         of  snow 

For  4-in.  snowfall $9.94  $0,373    '  $  0.00336 

For  6-in.  snowfall 1 1 .  93  .  448  .  00268 

Total  cost  (without  overhead) $75. 00 

Total  cost  (without  overhead) 90. 00 

Second  Day  (Nine  Hours '  Work). — Half  of  the  teams  will  plow  to  the  gutters 
on — 

Width,       Area,      Length, 
ft.  sq.  yd.       mues 

Garfield  Blvd.  ( south  drive — State  to  Western)  40-26       56 , 601       3 .  00 

Garfield  Blvd.  (north  drive— South  Park  to  Western)     40-25       68 ,  424       3 .  60 

Other  half  of  the  teams  will  plow  snow  on — 

A.  M. — (From  park  stables  to  79th  St.  and  Bond  Ave.) — 

Washington  Park  (part  of  drives) 40-50  10,000  0.40 

Midway  (south  drive) 40  21,910  1.00 

Jackson  Park  (part  of  drives) 40  44 ,  000  2 .  00 

Yates  Ave.  (71st  St.  and  Bond  Ave.  to  79th  St. ) 32-38  36 ,  500  1 .  75 

P.  M. — In  the  afternoon  over  the  following  drives: 

Fifty-first  St.  (inchiding  Drexel  Sq.) 40  31 ,976  0.94 

East  End  Ave 60  18,700  0.65 

Jackson  Park  (rest  of  drives  in  "  outer  "  circle) 40  70 .  000  3 .  00 

368,201     16.24 
Cu.  yd.  of  snow  on  drive:  At  4  in.,  39,800;  at  6  in.,  69,700. 

As  this  is  a  9-hour  day,  the  cost  of  plowing  the  snow  after  a  4-in.  snowfall, 
using  40  horses,  will  be  $135,  at  the  rate  of  $6  per  8-hour  day  for  team  and 
driver;  in  case  of  a  6-in.  snow  the  cost  will  be  $162,  48  horses  being  used. 

Cost  of  Plowing  Snow  Off  Dbivbs  Cleaned  on  the  Second  Day 

Per  Per  1,000  Per 

mile  sq.  yd.  cu.  yd. 

For  4-in.  snowfall. ... ! $8.31           $0,378  $0.00340 

For  6-in.  snowfall 9. 98               .463  . 00272 

Total  cost  (without  overhead)  for  4-in.  snowfall $136. 00 

Total  cost  (without  overhead)  for  6-in.  snowfall 162.00 

Third  Day  {Nine  Hours'  Work) . — One-half  of  the  teams  will  plow  snow  to  the 

sides  on  the  following  drives: 

Width,  Area,  Length, 

ft.  sq.  yd.  miles 

66th  and  67th  Sts.  (Jackson  Park  to  Ash- 
land)   28  67,618  4.10 

•Normal  Ave 32  63,580  2.10 

Other  half  of  the  teams  will  plow — 

Grand  Blvd.  (side  drives) 26t  58 ,432  4.00t 

Washington  Park  (rest  of  "outer"  circle 

of  drives) 40-60  46,000  1.60 

234.530  11.80 

•  Cu.  yd.  of  snow  on  drive:  At  4  in.,  26,060;  at  6  in.,  39,090.  t  Each. 
t  Together. 

At  the  rate  of  $6  per  8-hour  day  for  a  team  and  driver,  the  cost  of  plowing 
a  4-in.  snowfall,  using  40  horses,  will  be  $135;  for  a  6-in.  snowfall  the  cost  wiU 
be  $162,  48  horses  being  in  use. 
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Cost  or  Plowiko  Snow  Orr  Drxvbb  Cleansd  on  Thibd  Dat 

Per  1,000  Per 

Per  mile       sq.  yd.  of        cu.  yd. 
of  drive       pavement        of  snow 

For  44d.  snowfall $11.44             SO. 576  $    0.00518 

For  6-in.  snowfall 13.74                 .692  .00415 

Total  coat  (without  overhead)  for.  4-in.  snowfall $135. 00 

Total  cost  (without  overhead)  for  6-in.  snowfall 162. 00 

The  above  costff  are  baaed  on  a  rate  of  75  ct.  per  hour — $6  per  8-hour  day — 
for  a  team  and  driver.  They  do  not  provide  for  finished  cleaning  over  the 
various  driveways  of  the  South  Park  system,  but  cover  primarily  the  clearing 
away  ol  the  "  roughage"  after  snowstorms,  such  as  can  be  accomplished  by  a 
single  trip  of  the  battery  of  plows  over  the  dilTerent  drives.  Where  two  teams 
are  used  on  a  grader  plow,  the  second  driver  operates  the  plow  adjustments,  so 
no  laborers  are  necessary  in  such  cases.  As  will  be  seen,  the  cost  per  mile  for 
cleaning,  outside  of  the  downtown  district,  ranges  from  $8,331  per  mile  as  the 
mifiimntn  for  a  4-in.  snowfall  to  $14.98  per  mile  as  the  maximum  cost  for  a 
6-in.  snow,  two  teams  being  used  on  each  grader. 

In  some  instances  but  one  team  is  used  on  a  grader  and  then  a  laborer  is 
required  to  man  the  plow.  It  has  been  found  that  this  reduces  the  cost  of  a 
single  trip,  cleaning  of  a  certain  driveway,  making  it  from  $5.40  per  mile  for  a 
snow  of  4  to  5  in.  to  $7.20  per  mile  for  a  fall  of  from  5  in.  to  1  ft.,  when 
the  team  hire  is  $6  per  8-hour  day  and  the  rate  for  labor  is  30  ct.  per  hour. 

Ua«  of  Tractors. — Carefully  kept  records  show  that  the  work  of  cleaning 
snow  off  drives  with  tractors  after  ordinary  snowfalls  can  be  done  at  a  cost 
somewhat  less  than  with  horse-drawn  machines  and  with  them  the  work 
progresses  much  more  rapidly,  too.  In  breaking  up  packed  snow  and  ice  the 
tractor  outfits  have  proved  themselves  particularly  adapted,  while  they  are 
able  to  pile  the  snow  over  the  curbing  better  than  horseplows,  leaving  the 
gutters  open. 

Operattng  Cost  of  SO-Ton  Caterpillar  Tractor  in  Snow  Removal  Work. — 
(Engineering  and  Contracting,  March  3,  1920). 

Ten  Caterpillar  trucks  operated  in  Michigan  during  the  winter  of  1919-20, 
on  duties  incidental  to  snow  removal  and  the  keeping  of  state  trunk  line 
highways  open  for  trafiBc.  These  machines  equipped  with  a  120  hp.  motor 
are  rated  as  a  20-ton  tractor,  their  weight  being  13  tons.  The  following 
statement  from  a  bulletin  of  the  State  Highway  Department  shows  the  oper- 
ating costs  for  a  2-weeks'  period  for  one  of  the  tractors,  used  in  pulling  snow 
roller  and  plow: 

Gasoline,  175  gal.  at  25  ct $  43. 75 

Lubricating  oil,  36  qt.  at  17  ct 6.12 

Grease.  3  lb.  at  12  ct ^    .36 

Alcohol.  20  gal.  at  90  ct 18 .  00 

$  68   23 
Labor,  52  days  at  $4.00 208 .  00 

Total $276.23 

Number  of  miles  of  road  opened.  55.2. 
Unit  cost  per  mile  of  road,  $5,004. 

The  above  costs  do  not  include  fixed  charges.  There  were  no  repairs  or 
renewals  during  this  period. 

Cost  of  Snow  Removal  With  Rotary  Plow. — The  following  i.s  from  P^ngineer- 
ing  and  Contracting,  May  5,  1920. 

A  rotary  snowplow  has  been  used  at  Outremont,  Q»ie.,  lu.  ctefl^tVft?,  Vaa 
streets  of  snow.     The  plow  ia  mounted  on  sleds,  and  \a  ^it^iviii  \>^  \y(y 
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The  blades  are  operated  by  a  60-HP.  marine  engine.  The  snow  is  pulverized 
by  the  blades  and  projected  upward  and  then  out  through  specially  devised 
outlets.  In  a  discussion  of  a  report  presented  to  the  1919  convention  of  the 
American  Road  Builders'  Association,  Capt.  J.  A.  Duchastel,  City  Engineer  of 
Outremont,  gave  the  following  data  on  work  done  by  the  machine  in  1917-18: 

In  one  instance  the  work  consisted  of  removing  a  bank  of  snow  on  each  side 
of  Cote  St.  Catherine  Road.  This  snow  had  been  piled  up  at  a  distance  of 
10  ft.  from  the  car  track  by  the  Montreal  Tramwasrs  snow  leveler.  The  bank 
was  about  10  ft.  wide  and  1ft.  9  in.  high;  the  snow  was  very  compact.  The 
cost  was  worked  out  in  the  following  manner: 

After  allowing  a  depreciation  of  10  per  cent  on  the  cost  of  the  machine, 
interest  at  the  rate  of  7  per  cent,  and  $241  per  year  for  repairs,  it  was  figured 
that  the  fixed  charges  per  day  for  the  machine  for  a  period  of  50  working  days 
during  the  season,  was  $14.  Figruring  the  cost  of  gasoline,  the  time  of  the 
operator,  the  corporation  teams  and  helpers,  as  well  as  the  time  of  a  grader  and 
snowplow  used  in  connection  with  this  work  to  remove  whatever  accumulation 
of  snow  was  deposited  on  the  sidewalks  by  this  machine,  it  was  foimd  that  the 
cost  per  lineal  yard  of  cleaning  one  side  only  was  7.65  cts.  This  woik  covered 
a  period  of  23  hours  and  a  bank  of  snow  6,775  ^.  loi^,  10  ft.  wide,  and  1  ft. 
9  in.  high,  was  cleared  in  that  time.    Naturally  that  was  not  continuous  work. 

As  a  parallel  to  this  work,  the  cost  of  removing  snow  on  the  same  date  <»i 
another  section  of  the  same  road,  under  exactly  the  same  conditions,  was  kept, 
the  snow  being  loaded  by  hand  in  sleighs  and  removed  to  a  dump  less  thui 
^  of  a  mile  away.  The  cost  per  lineal  yard  was  23.7cts.  This  work  covered 
a  period  of  10  hours  and  a  bank  of  snow  950  ft.  long,  10  ft.  wide,  and  1  ft. 
9  in.  high  was  cleared.  As  a  check  on  these  figures,  the  cost  of  clearing  Cote 
St.  Catherine  Road  by  the  second  method  in  the  previous  year  was  looked  up, 
and  it  was  foimd  that  the  cost  was  27.4  cts.  Probably  the  bank  was,  on  the 
average,  a  little  bit  higher. 

Cost  of  Loading  Snow  by  Steam  Shovel  at  Rochester,  N .  Y.—^dtm  T.  Child 
gives  the  following  data  in  Engineering  and  Contracting,  Ainll  7,  1920. 

After  snow  had  accumulated  on  the  ground  for  over  two  months  a  local 
contractor  put  his  steam  shovel  grader  into  commission  and  attacked  the 
huge  accumulations  of  snow  to  prove  the  value  and  desirability  of  a  steam 
shovel  for  loading  heavy  snow.  The  results  obtained  are  summed  up  as  f oUowa : 

Equipment-^ 

Keystone  steam  shovel  with  )^>yard  skimmer  bucket  on  18-ft.  boom. 

Shovel  Cost  per  Day — 

Rent,  including  operator  and  fireman $40.00 

Coal,  H  ton  at  $8.75,  supplied  by  city 2. 25 

2  men  to  release  bucket  and  help  move — hired  by  city 6.08 

Total  daily  cost $48.33 

This  cost  is  equivalent  to  16  men  at  $3.04 — the  prevailing  rate  here  when  the 
work  started.     The  rate  is  $3.36  a  day  now,  which  would  reduce  the  equivalent  to 
14  men. 
Working  Conditions — Day  shift — 8  hours. 

Straight  work  loading  from  a  bank  of  compact  snow  3  ft.  or  4  ft.  high  and  8  ft. 
to  10  ft.  wide.     Motor  and  electric  railway — ^traffic  heavy  on  Main  St.,  Blast,  near 
Stillson  St. 
Work  Done— 

Loaded  155  3-yard  wagons  in  8  hours,  or  465  cu.  yd. 

Cost  per  load.  $0,314. 

Cost  per  yard,  $0,104. 

Time  per  load,  480/155  =3.1  minutes. 

Aotuafloading  time — 2  min.     6  buckets  to  a  load. 
Corrttponding  Labor  Costs  are  $0,107  and  $0.12  for  hand  labor  at  the  two  rates. 
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After  the  tuooeMful  try  <Nit8  with  the  H  yd-  bueket  the  oontraotor  pat- 
ah— ed  a  1  yd.  bucket  lo  as  to  speed  up  the  losdlng  eapedty  of  the  AoveL 
nie  first  lew  days  eerersl  mcnres  were  neoesssry  sad  80  to  40  per  cent  of  the 
Ume  was  lost  because  there  were  not  enough  trufiin  ayatlable  to  keep  the 
ihovcl  buey.  Under  these  more  or  less  unfovorable  conditions  as  many  as 
44  ^yd .  truck  kMuls  were  easily  handled  at  a  cost  of  18^  ct.  per  cuble  yard. 

This  ahonik  was  not  used  early  enough  in  the  season  to  make  any  prolonged 
leeord  hot  it  has  proven  its  Talue  under  certain  conditions  and  undoubtedly 
aU  the  aTaUable  local  apparatus  of  tiiis  kind  will  be  listed  for  emergency  now 
work  next  year. 

In  any  event,  the  steam  shovel  can  be  used  as  a  substitute  for  men  at  the 
same  cost  or  less.  The  larger  budcet  decreases  the  actual  loading  time,  and 
tt  hae  several  advantages  over  hand  labor.  A  longer  boom  will  be  used  next 
year  to  reduce  the  number  of  moves  and  give  more  clearance  in  loading. 

Ttie  advantages  of  the  steam  shovel  for  snow  loading  may  be  summarised 
•sfolkfws: 

1.  It  can  work  S  diifts  and  better  at  night  in  lighter  traffic. 

2.  It  could  be  ussd  to  advantage  with  railway  flat  ears. 

8.  It  win  remove  Ice  and  compact  now  to  the  pavement  where  hand  work 
requires  piddng  and  brsaking  up  (rf  tiie  lumps  at  a  greatly  increased  cost. 

4.  It  can  load  a  Uglier  and  hence  larger  hauling  unit. 

Meter  Tracks  for  8aew  Reaioval  In  Chkage. — ^Molor  trucks  gave  eaoeUent 
service  during  the  winter  of  1017-18,  stated  W.  J.  Oilllgan  in  a  paper  pre- 
sented before  the  Western  Society  of  Engineers.  In  fact,  it  was  found  that 
one  motor  truck  would  haul  as  much  snow  as  five  teams. 

The  following  matter,  given  in  Engineering  and  Contracting,  April  3.  1018, 
Is  from  Mr.  Qilllgan's  paper. 

The  blizzard  of  Jan.  6,  followed  by  the  storm  of  Jan.  12,  made  it  necessary 
for  the  Bureau  of  Streets  to  use  methods  other  than  those  ordinarily  employed. 
As  the  budget  of  the  Bureau  did  not  carry  a  provision  for  the  employment  of 
motor  trucks  in  snow  removal  work,  consent  was  obtained  from  the  City 
Council  to  use  motor  trucks  and  the  rate  fixed  at  $36  for  a  0-hour  day.  Only 
patent  dump  trucks  of  large  capacity  were  used.  The  trucks  were  made  up 
into  squads  of  ten  each,  each  squad  being  in  charge  of  a  ward  superintendent, 
a  card  puncher  and  two  subforemen.  Five  loaders  were  assigned  to  each 
truck.  In  that  way  trucks  were  quickly  loaded  and  kept  moving,  and  by 
working  day  and  night  shifts  the  principal  streets  in  the  loop  were  deaned  in 
72  hours.  For  the  reason  that  transportation  lines  were  scouring  the  haunts 
of  labor,  bidding  as  high  as  $1  per  hour  and  meals,  and  because  of  the  extremely 
cold  weather,  it  was  difficult  for  the  Bureau  to  keep  men  at  work  after  it  got 
them,  and  in  order  to  compete  somewhat  with  the  other  agencies  that  were 
bidding  frantically  for  help  it  picked  out  the  likely  looking  material,  kept  them 
for  the  night  forces  and  paid  them  time  and  a  half,  which  amounted  to  $3.07 
for  8  hours.  In  addition,  on  the  coldest  nights  hot  coffee  and  sandwiches  were 
distributed  to  the  gangs  tmder  the  direction  of  a  hastily  organized 
commissary  department. 

The  employment  at  motor  trucks  in  the  work  of  snow  removal  has  shown  to 
the  officials  of  the  Bureau  of  Streets  that  the  results  obtained  by  their  use  is 
far  superior  to  that  of  teams.  The  large  amount  of  creoeote  block  pavement 
in  tiie  loop  made  the  handling  of  teams  extremely  difficult.  Unskilled  driven 
and  poorly  shod  horses  made  the  task  of  proper  maneuveiVng  vcsr?  't!Ax^«i9a^  *^ 
fiMooe  tnUBe  was  constantly  interrupted.    With moXoi  tnMSttSTft' 
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situations  were  encountered.  The  limited  dumping  spaces  handy  to  the 
loop  is  also  a  strong  factor  in  favor  of  the  employment  of  motor  trucks.  The 
Graham  &  Morton  docks  at  the  foot  of  Wabash  avenue  is  the  largest  loop 
dump,  and  it  will  accommodate  about  75  teams.  At  the  height  of  a  snow- 
dumping  day  or  night  this  spot  was  a  bedlam  of  yelling,  cursing  drivers*  with 
the  work  being  often  interrupted  by  staggering  and  falling  horses.  It  was  also 
necessary  to  shovel  the  snow  from  the  tail  end  of  the  wagon  into  thie  river, 
while  bottom  dump  wagons  deposited  their  loads  on  the  dock,  Tn«.icing  it 
necessary  to  rehandle  it  into  the  river.  As  many  as  66  trucks,  which  equals 
330  teams,  used  the  Graham  &  Morton  dock  in  one  night,  coming  in  and  out 
of  the  dump  without  a  minute's  confusion  or  delay. 

The  labor  this  year  was  fairly  plentiful  and  of  a  high  caliber.  The  suspen- 
sion of  building  and  allied  industries  threw  many  good  laborers  on  the  market, 
and  the  Bureau  was  able  to  use  them  to  advantage  in  loading  trucks.  The 
Italian  laborer,  who  comprises  05  per  cent  of  the  regular  street  cleaning  force, 
being  as  a  rule  too  short  and  overclothed  to  be  efficient  in  that  kind  of  work, 
was  carefully  excluded  from  our  loading  forces.  The  rapidity  with  which  the 
Bureau  was  enabled  to  handle  snow  with  motor  trucks  can  be  judged  by  the 
record  of  Jan.  29,  a  typical  night  at  the  Graham  &  Morton  docks,  when  680 
loads  of  snow  were  dimiped  in  the  river  by  trucks  in  480  minutes,  an  average 
of  one  load  every  45  seconds  for  8  consecutive  hours.  It  might  be  of  interest 
to  note  that  the  record  of  delivery  at  the  dock  was  distributed  as  follows : 

Hours  between  Loads 

6  and    7 118 

7  and    8 96 

8  and    9 76 

9  and  10 70 

10  and  11 97 

11  and  12 85 

12  and    1 76 

land    2 63 

It  will  be  noticed  the  number  of  loads  decreased  as  the  vitality  of  the  loaders 
ebbed  until  after  the  time  coffee  and  sandwiches  were  distributed,  when  it 
took  a  strong  upward  turn. 

During  the  blizzards  of  Jan.  6  and  12  the  Bureau  hauled  out  of  the  loop 
14,611  wagon  loads  of  snow,  or  67,202  cu.  yd.,  together  with  5,644  motor 
truck  loads,  containing  44,179  cu.  yd.,  a  total  of  20,255  loads,  of  111,381  cu. 
yd.,  at  a  cost  of  $61,004.11.    This  averaged  about  54  ct.  percubicyard. 

Snow  Removal  from  Connecticut  Highways. — ^Engineering  and  Contract- 
ing, Nov.  6,  1918,  gives  the  following: 

About  $40,350  was  expended  by  the  State  Highway  Department  of  Con- 
necticut for  removal  of  snow  from  trunk  highways  in  1917.  The  mileage 
covered  was  970,  and,  including  the  cost  of  equipment,  the  rate  per  mile  was 
about  $45.  Under  normal  conditions  of  snowfall,  this  cost  would  probably 
have  been  less  than  $30  per  mile.  For  its  work  last  winter  the  Department 
planned  to  use  18  snow  plows  attached  to  the  front  of  its  trucks.  These 
proved  inadequate  because  of  the  unusual  winter  conditions,  .and  were  supple- 
mented by  tractors  and  road  machines.  On  heavily  traveled  routes  practi- 
cally all  the  snow  was  removed  while  on  mixed  traffic  roads  about  3  in.  were 
left.  As  the  result  of  experiments  made  in  1917,  the  Department  found  that 
the  removal  of  snow  decreased  the  cost  of  bitimdnous  repairs  the  foUowing 
spring  by  at  least  one-third.    This  is  accounted  for  by  the  fact  that  when  the 


STREET  SPRINKLING  AND  CLEANING         889 

iDOw  is  not  lemoyed  the  truck  traffic  is  confined  to  one  or  two  sets  of  ruts, 
which  ultimately  are  worn  into  the  road  surface. 

Costs  of  Breaking  Country  Roads  with  Snow  Rollers. — Charles  A.  French 
gives  the  following  hi  Engineering  News-Record.  Nov.  23,  1918. 

Snow  rollers  have  been  successfully  used  by  the  street  department  d 
Laconia.  N.  H..  for  several  winters  past.  Four  were  in  operation  during  the 
past  winter.  The  roUers  are  6  H  ft-  in  diameter  made  in  two  sections  5-ft. 
l<Hig  and  have  an  efTective  snow-compacting  width  of  about  12  ft.  At  present 
prices  such  rollers  would  cost  $150  to  $200  each.  The  roller  weighs  4,750  lb. 
with  nothing  on  It.  When  the  snow  Is  not  too  deep  it  can  be  operated  with 
four  horses  and  one  man.  The  roUers  are  used  chiefly  in  breaking  country 
roads.  For  that  purpose  they  are  sent  out  when  there  is  a  snowfall  of  4  in. 
or  when  a  lesser  depth  has  drifted.  One  man  drives  the  four  or  six  horses 
attached  to  the  roller  and  others  are  sent  to  shovel  when  drifting  occurs. 
Sliding  places  and  chuck  holes  are  roughly  leveled  by  the  shovelers,  and  the 
roller  passing  over  compacts  the  snow  so  that  it  will  hold  up  a  team,  and  the 
road  requires  no  more  attention  until  the  next  storm. 

An  average  trip  requires  six  horses,  three  to  four  men,  and  they  cover  12  to 
16  miles  in  nine  hours,  so  that,  with  labor  at  $2.75  and  team  with  driver  at 
$6.00  for  a  9-hr.  day,  the  cost  Is  about  $20.75  for  15  miles  of  road,  or  about 
$1.40  per  mile.    Of  course  the  character  of  the  snowstorm  varies  this  cost. 

In  this  climate  If  the  roads  are  rolled  after  each  snow  or  blow  they  build  up 
through  cuts  where  snow  drifts  so  that  the  snow  blows  over  the  roadway 
and  little  hand  labor  Is  required.  They  make  a  hard  path  which  Is  wide 
enough  for  sleighs  to  turn  out  when  meeting  without  getting  Into  the  soft 
snow.  Rollers  also  pack  the  snow  on  exposed  places  that  would  blow  bare 
and  spoil  the  sledding.  In  many  places  we  have  excellent  roads  on  top  of 
drifts  6  to  8  ft.  deep. 

In  the  spring,  when  the  snow  softens,  some  of  the  deeper  drifts  have  to  be 
cut  out  with  a  road  machine  mounted  on  runners,  but  it  is  surprising  how  much 
is  saved  In  hand  labor  by  the  use  of  rollers. 


CHAPTER  XV 
ROADS  AND  PAVEMENTS 

References. — ^Additional  matter  on  the  cost  of  constructing  roads  and 
pavements  is  given  in  Gillette's  *'  Handbook  of  Cost  Data"  pages  258  to  474, 
also  in  Gillette  and  Thomas*  "Highway  Construction  and  Maintenance.*' 
Further  data  on  the  methods  and  costs  of  excavation  and  grading  may  be 
found  in  "Earthwork  and  Its  Cost"  and  "The  Handbook  of  Rock  Excava- 
tion'* by  Gillette. 

Estimating  The  Cost  of  Paved  Surfaces  for  Highway  Improvement. — 
Robert  E.  Thomas  of  the  Illinois  State  Highway  Department,  gives  the  follow- 
ing discussion  in  Engineering  and  Contracting,  May  2,  1917. 

In  some  instances  where  bonds  have  been  issued  for  road  building,  or  where 
such  action  is  pending,  it  has  been  deemed  advisable  to  conduct  the  program 
in  two  distinct  steps:  one  complete  issue  for  the  grading  and  building  of  all 
drainage  features,  and  at  a  later  date,  another  for  the  construction  of  the 
paved  surface.  Because  of  the  fact  that  such  surfaces  often  amount  to  as 
much  as  75  per  cent  or  85  per  cent  of  the  total  financial  value  of  the  work,  it  Is 
Imperative  that  investigation  should  be  made  relative  to  the  probable  cost  of 
this  feature  before  any  concerted  action  is  taken.  It  is  hoped  that  the  follow- 
ing information  not  only  will  be  of  assistance  in  making  such  an  investiga- 
tion, but  also  will  furnish  a  method  whereby  reasonable  results  may  be 
obtained  without  a  detailed  consideration  of  every  individual  element. 

Because  of  the  many  operations  and  the  several  ingredients  necessary  in 
constructing  a  paving  slab,  it  appears  feasible  to  divide  the  estimate  of  cost 
into  two  parts,  namely,  that  on  materials  and  that  on  labor. 

MatericUa. — ^The  quantities  of  materials  necessary  in  building  a  slab  of  any 
type  are  calculable  with  comparatively  slight  chance  of  error  after  an  inspection 
of  the  cross-section  to  be  used,  and  a  study  of  the  specifications  relating  to  the 
same.  This  is  particularly  true  for  such  types  as  macadam  (either  waterbound 
or  bituminous)  or  gravel,  where  the  quantity  of  stone  is  merely  the  volume  of 
the  completed  slab,  increased  by  an  allowance  for  compaction  due  to  rolling. 
This  allowance  will  vary  with  the  condition  of  the  subgrade,  the  quality  of  the 
stone  and  the  manner  of  rolling,  but  imder  normal  conditions  will  average 
approximately  20  per  cent.  The  volume  of  stone  screenings  for  waterbound 
macadam  is  also  subject  to  variation,  but  can  safely  be  estimated  at  from  15 
per  cent  to  20  per  cent  of  the  total  amount  of  macadam  stone  required.  In 
the  case  of  screenings  for  bituminous  macadam,  a  proportionately  greater 
quantity  is  necessary,  and  the  percentage  will  probably  vary  from  20  to  25. 
Practically  all  specifications  state  the  amount  of  bituminous  material  to  be 
used  per  square  yard  for  bituminous  macadam,  so  no  difficulty  will  be 
encountered  with  this  item. 

The  materials  making  up  a  cement  grouted  brick  pavement  either  with  a 
sand  or  a  sand-cement  bed,  or  of  the  monolithic  type,  can  be  estimated  by 
applying  a  few  well-known  principles.    By  reason  of  the  size  of  brick  usually , 

890' 


ROADS  AND  PAVEMENTS  891 

specified  for  psvin^  purposes,  and  the  space  provided  for  grouting.  It  will  be 
found  that  40  bricks  are  needed  to  cover  a  square  yard.  For  the  concrete 
base  it  is  first  necessary  to  determine  the  volume  of  concrete  required.  By  an 
application  of  Fuller's  Rule,  or  reference  to  tables  published  in  any  flrst-class 
book  on  concrete,  it  is  possible  to  secure  the  quantities  of  cement,  fine  and 
coarse  aggregate  in  a  cubic  yard  of  rammed  concrete  of  any  desired  pro- 
portions. In  this  connection,  it  might  be  well  to  add  that  the  table  based  upon 
there  being  3.8  cu.  ft.  of  cement  in  a  barrel  and  40  per  cent  voids  in  the 
coarse  aggregate  will  most  nearly  flt  average  conditions.  The  product  of  the 
total  volume  in  the  base  and  the  three  figures  obtained  from  the  table  will  be 
the  corresponding  quantities  of  materials  necessary.  If  a  sand  cushion  is 
specified,  the  volume  is  directly  obtainable  from  its  dimensions.  When  the 
bed  is  to  be  a  mixture  of  sand  and  cement,  the  quantities  of  each  may  be 
calculated,  by  using  the  proper  table,  in  a  similar  manner  to  that  described 
for  the  base.  It  is  practically  impossible  to  compute  the  quantity  of  sand 
and  cement  to  be  used  for  grouting,  but  experience  has  shown  that  a  barrel 
of  oement,  in  a  1  to  1  mix,  will  cover  from  20  to  25  sq.  yd.  of  pavement. 

Cement  concrete  slabs  present  no  dlflSculty,  as  the  ingredients  are  computed 
identically  as  is  the  base  for  a  brick  pavement. 

The  materials  in  a  wearing  surface  of  bituminous  concrete  can  usually  be 
computed  directly  from  information  contained  in  the  specifications.  It  may 
be  possible  so  to  modify  Fuller's  Rule  as  to  make  it  applicable  without  gross 
error  to  mixtures  of  this  type.  The  base  course  of  a  bituminous  concrete 
pavement  is  usually  of  oement  concrete  or  of  macadam,  and  can  readily  be 
analyzed  by  the  methods  already  given. 

Undoubtedly  some  allowance  should  be  made  for  loss  of  materials  in  han- 
dling and  in  transporting,  and  although  a  fixed  percentage  may  be  greatly  in 
error  for  any  particular  case,  it  is  thought  that  from  6  per  cent  to  10  per  cent 
for  coarse  and  fine  aggr^^te  will  represent  good  practice. 

When  the  estimated  quantity  of  all  material  has  been  computed,  prices 
of  each  F.O.B.  the  railroad  station  or  siding  nearest  the  improvement  site 
should  be  obtained.  Simple  calculation  will  then  permit  the  total  material 
estimate  to  be  reduced  to  a  square  yard  basis. 

)  In  the  foregoing  discussion  no  mention  has  been  made  of  water,  a  very 
important  factor  not  only  physically,  but,  in  many  instances,  financially  as 
well.  The  availability  and  cost  of  water  is  so  affected  by  local  conditions 
that  but  few  generalities  are  possible.  However,  it  can  be  safely  stated  that  a 
pipe  line  laid  along  the  right-of-way,  supplied  by  water  from  nearby  streams 
or  driven  wells,  through  the  medium  of  a  small  pump,  will  prove  uneconomical 
on  types  of  roads  other  than  those  involving  the  use  of  cement  concrete. 
When  this  method  is  proposed,  some  use  has  been  made  of  various  formule  for 
estimating  the  cost.  On  macadam  and  gravel  roads  where  water  Ls  applied 
in  conjunction  with  the  rolling,  it  is  customary  to  haul  the  water  in  .sprinkling 
wagons,  and  in  such  ca.se8  it  is  u.sually  secured  by  pumping  from  streams  or 
from  neighboring  farm  welLs.  The  cost  by  either  method  is  incurred  mostly 
by  labor,  and  has  been  provided  for  in  the  data  under  that  division. 

Table  I  has  been  compiled  with  the  object  of  giving  some  idea  relative  to 
the  amounts  of  materials  in  highway  surfaces  regulated  by  specifications  of 
proven  satisfaction. 

Labor. — It  has  been  found  by  combining  the  estimated  cost  of  the  various 
operations  involved  in  constructing  slabs  of  different  types  for  highway 
improvement,  that  the  total  labor  cost,  including  Uxe  XcMtv  \y8m1  qh  xcaX^ 


892  HANDBOOK  OF  CONSTRUCTION  COST 

rials,  for  any  rate  of  labor,  or  for  any  length  of  haul,  may  be  espressed  in 
terms  of  an  equation: 

P  -  ALH  +  BL  +  CH  +  D 
where,    * 

P  -c  total  labor  cost  per  square  yard  in  cents. 
H  -  length  of  average  haul  in  miles. 

L  »  index  number  representing  labor  and  team  rate  per  hour. 
A-B-C-D  "  constants  for  a  particular  type  of  slab. 

Tablb  I. — QuANTiTXKs  OF  Matbrials  Pbb  Squabb  Yabd  or  Patbmjbnt 


« 


I  "O  •  o  S      "S  5     ©-^ 


IS  ll  s     •« 


-O        ns^      d  S       23      St-      9  S 


s§   s^   s_    .2    g|   §^   M-  ^^ 

-'.§    ^g    -^o       0      «fe     «^    '22     L^      « 


Art      43  * 

•eg    -Eg    -CtJ       §     .tJg    .t?a    .t^g    ifg       S 


Brick,  No 40      40      40 

Cement,  bbl 147  .188  .169  .313  .111 

Bitumen,  gal 2. 55  2. 55         2 

Sand,  cu.  yd 092  .087  .070  .092  .094  .037 

Screenings,  cu.  yd 042  .068  .  060 

Gravel,  cu.  yd... 099  .099  .099  .161  .167 240 

Broken  stone,  cu.  yd 099  .099  .099  .161  .167  .250  .270  .272 

Filler,  lb 9         9 

The  quantity  "  P  "  in  this  equation  is  graphically  represented  by  the  ordinate 
to  a  wuped  surface  that  had  first  been  defined  and  located  by  computing  the 
total  labor  cost  for  all  limiting  conditions.  The  equation  was  derived  through 
the  assumption  of  a  straight  line  variation  between  the  computed  limits,  and 
this  theory  has  been  corroborated  by  comparison  with  a  number  of  actual  cases. 

It  was  deemed  advisable  to  indicate  the  labor  and  team  rate  by  an  index, 
as  the  numbers  involved  would  be  smaller  and  calculation  therefore  facilitated. 
For  rates  other  than  are  represented  in  Table  II  the  corresponding  indices 
may  be  determined  by  proration. 

The  estimating  data  used  in  establishing  the  various  constants  for  A,  B,  C 
and  D,  as  shown  in  Table  III,  are  entirely  trustworthy  for  conditions  as  those 
existing  in  Illinois,  and  have  been  used  for  the  guidance  of  bidders  on  a  vast 
amount  of  highway  work. 

Tablb  II. — Indices  pob  Variocts  Labob  Rates 

Labor  per  hr.,  cte 15      17^      20     22H      25      27H      30     32H     25 

Teams  per  hr.,  ots 30      35         40     45         60      55         60      65         70 

Index  No.  ••L" 01  23  45  678 

Table  HI. — Constants  por  Vabious  Ttpes  or  Paved  Subpacbs 

Type —                                                                  A  B              C              D 

Brick:  Sand-cement  bed  or  sand  cushion. .      .9633  4.082  5.779  29.494 

Monolithic  brick 9051  8.172  6.431  24.082 

Cement  concrete 8341  2.909  5.005  23.4«2 

Bituminous  concrete,  concrete  base 7481  4.353  4.488  30. 120 

Bituminous  concrete,  macadam  base 8646  3.664  5.187  22.985 

Bituminous  macadam 9189  2.832  5.518  17.992 

Water-bound  macadam 8450  2.281  5.070  13.689 

GnvS.. 6900  1.635  4.140      9.810 

Finally,  to  obtain  the  total  estfanated  cost  per  squaie  3rard  for  the  aimb.  it  is 
only  necessary  to  combine  the  two  costs  as  determined  for  noateriali  and  labor. 
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It  must  be  remembered  that  no  prcyvislon  has  been  made,  as  yet,  for  profit,  so 
before  a  final  figure  is  established,  an  allowance  should  be  made  for  this  item 
that  Is  entirely  commensurate  with  the  work  to  be  done. 

Aa  an  example,  assume  that  for  a  particular  case  it  is  proposed  to  improve 
4  miles  of  graded  and  drained  roadway  by  the  addition  of  a  cement  concrete 
slab.  Sand  and  stone  are  available  F.O.B.  a  railroad  siding  1  mile  from  the 
nearest  end  of  the  improvement  at  $1  per  cu.  yd.,  and  cement  under  the  same 
conditions  at  $1.65  per  barrel  net.  Assume,  furthermore,  that  the  prevailing 
rates  are  20  ct.  per  hour  for  labor  and  40  ct.  for  teams.  An  analysis  to  deter- 
mine the  probable  cost  per  square  yard  could  be  conducted  some  what  as 
follows: 

Matflrials: 

.  313  bbl.  of  cement  at  $1.65 •. . .  $0. 52 

.002  cu.  yd.  of  sand  at  $1 09 

.  161  cu  yd.  of  stone  at  $1 .16 

$0.77 
Profit .08 

Total  for  materials $0.85 

Labor: 

H  -8  B  -    2.000 

L  -  2  C  =    5.005 

A  -    .8341        D  -  17.452 

P  -     (.8341  X  2  X  8)  +  (2.909  X  2)  +  (5.005  X  3)  +  23.452  -  5.0046  + 

518  +  15.015  +  28.452 $0.49 

Profit .10 

Total  for  labor $0. 59 

Total  estimated  cost  for  the  slab,  $1.44  per  sq.  yd. 

There  are  several  items  such  as  depreciation  and  repairs  on  machinery,  the 
cost  of  which  is  directly  traceable  to  the  slab  or  metaled  way.  but  which  has 
not  been  included  heretofore.  Rather  than  reduce  these  items  to  a  yardage 
basis,  it  is  more  satisfactory  to  provide  a  lump  sum  covering  tbe  whole 
improvement. 

Cost  of  Maintenance  of  Road  Building  Outfits  (Engineering  and  Contract- 
ing. June  4,  1913). — During  the  years  1908-1912  the  Illinois  Highway  Com- 
miasion  built  1,022,159  sq.  yds.  of  experimental  roads.  Of  this  total  397.244 
sq.  yds.  were  bituminous  macadam.  The  1912  report  of  the  commission  gives 
the  following  data  on  the  cost  of  maintenance  of  the  road  outfits,  owned  and 
operated  by  the  commission  for  the  construction  of  tbe  experimental  roads: 

Cost  of  11  macadam  outfits $37,579 

Cost  of  6  bituminous  outfits 6,628 

Cost  of  2  concrete  outfits _  5^381 

Total $49,588 

Cost  of  maintenance  of  macadam  outfits $  3 .  272 

Cost  of  maintenance  of  bituminous  outfits 1 .273 

Number  of  outfit  seasons  covered  by  maintenance  charges  on  macadam 

outfits 62 

Numb^  of  outfit  seasons  covered  by  maintenance  charges  on  bitu- 
minous outfits • 12 

Cost  per  season  for  outfit  for  maintenance  of  macadam  outfits $  61 .80 

Cost  per  season  per  outfit  for  maintenance  of  bituminous  outfits 106. 00 

Cost  per  sq.  yd.  for  maintenance  of  macadam  outfits 0. 003 

Cost  per  sq.  yd.  for  maintenance  of  bituminous  outfits 0 .  003 

Depreciation  Charges  on  Road  Building  Equipment. — According  to  Engi- 
neering and  Contracting,  Sept.  3,  1919,  the  regulations  govertiirvg  workoC  tbi^ 
Bt»ie  Hf^way  Department  ot  Arizona  provide  that  uvou  com^eKNssOk.  f^ 
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project  depreciation  shall  be  charged  to  the  project,  the  equipment  being 

rated  on  the  following  basis: 

Per  cent 
per  year 

Engines,  gas  and  steam 20 

Fresnos 100 

Graders 20 

Mixers,  concrete 20 

Mules 10 

Pile  drivers 20 

Plows 20 

Rock  crushers 20 

Steam  shovels. 10 

Tents 76 

Wagons 20 

Wheelbarrows  and  concrete  carts 60 

Trucks  on  daily  rate  on  basis  of  life  of  three  years.  AH  small  equipment 
such  as  picks,  axes,  shovels,  etc.,  on  value  at  time  of  transfer  to  new  project. 
The  following  data,  are  from  Engineering  and  Contracting,  Jan.  3,  1917. 

With  the  exception  of  mules,  the  life  of  the  equipment  is  not  solely  depend- 
ent on  the  lapse  of  time.  The  length  of  the  road  building  season,  the  continu- 
ity of  the  work  and  the  care  given  in  handling  and  maintenance,  are  all 
important  factors  In  determining  the  life. 

As  for  tents,  it  is  not  unusual  to  have  them  whipped  to  ribbons  by  strong 
winds  in  three  months  or  less.  On  the  other  hand,  if  used  only  hi  dry  weather, 
and  where  winds  are  not  high,  a  tent  may  last  several  road  building  seasons. 

In  this  connection  it  seems  wise  to  point  out  that  annual  depreciation  rates, 
such  as  those  above  given,  are  often  assumed  to  include  current  repair  costs, 
although  usually  the  depreciation  rate  is  intended  to  relate  s<^y  to  the  loss  of 
life  of  the  entire  machine  and  not  to  loss  of  life  of  its  parts.  Railway  locomo- 
tives, for  example,  have  had  an  average  life  of  about  26  years,  or  a  straight-line 
depreciation  rate  of  4  per  cent  per  year,  assuming  no  scrap  value.  But  the 
current  repairs  on  railway  locomotives  have  averaged  about  18  or  20  per  cent 
I)er  annum. 

Apparently  the  rates  of  annual  depreciation  above  given  do  not  include 
current  repairs.  Yet,  if  not,  why  is  the  annual  depreciation  of  a  steam  engine 
put  as  high  as  20  per  cent?  A  steam  engine  will  surely  last  as  long  as  a  steam 
shovel,  yet  the  latter  is  given  a  depreciation  rate  of  10  per  cent. 

The  fact  is  that  not  a  grreat  deal  has  been  published  on  the  lives  and  mainte- 
nance costs  of  construction  equipment.  Dana's  "  Handbook  of  Construction 
Plant "  gives  data  on  this  subject.  The  startling  fact  is  brought  out  there  that 
for  one  year  (1908)  repairs  on  steam  shovels  on  the  Panama  Canal  amounted 
to  nearly  60  per  cent  of  their  first  cost  I  This  was  equivalent  to  nearly  3  cts. 
per  cubic  yard  excavated.  This,  of  course,  was  imder  unusually  expensive 
conditions  and  where  the  work  was  continuous.  Dana  puts  the  average  life 
of  a  steam  shovel  at  20  years. 

In  calculating  depreciation  and  repairs,  it  is  usually  desirable  to  separate 
the  two.  Estimate  depreciation  for  the  full  years,  but  estimate  repairs  by  the 
month  of  actual  work.  Thus,  in  the  case  of  a  steam  shovel,  the  annual  depre- 
ciation may  be  estimated  at  6  i>er  cent,  and  the  repairs  may  be  estimated  at 
2  per  cent  per  month  of  single-shift  work.  Then  if  it  is  estimated  that  the 
shovel  will  actually  work  six  months  during  a  year,  the  depreciation  amounts 
to  1  per  cent  and  the  repairs  2  per  cent  per  month  of  actual  work. 

Roadbuilding  equipment  averages  less  than  6  months'  actual  work  in  the 
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■trtw  gtobaMy  about  4  monUiB.  This  niot  up  the  tnterast  and 
dBimidallon  chMtea  per  month  ot  actual  work.  Thus,  with  amuial  hrtenrt 
atdperotntaiiddeiireclatloaat  12  per  oent,  we  have  18  per  cent  for  the  year, 
or  4^  per  cent  per  woridng  month  if  chained  entirely  acalnat  the  woridnf 
time.  Add  to  thda,  aay,  2.5  per  cent  ftor  repairs,  and  we  have  a  total  at  7  per 
cent  per  wafting  month  for  interest,  depndation  and  npain. 

Many  a  mad  bnOding  contractor  has  "gone  broke/'  and  many  a  U^xway 
engineer  has  erred  grieyously  in  his  cost  estimates,  through  failure  to  estimate 
eoneotly  fixed  cfaaiges  and  repaiia  on  road  building  equipment.  Add  to  this 
sort  Qt  oadeiestimate  one  or  two  others  ot  similar  nature,  and  we  haTe  an 
atanoet  complete  eaplanatifln  <tf  why  a  new  crop  d  road-building  contracton 
buds  forth  eadh  spring  only  to  wither  permanently  each  autumn. 

Costs  of  Orading  la  Baxth  Road  Constmetioii. — ^Tbe  f  (dlowing  is  given  in  a 
U.  a  Dep^  of  Agriculture  bullettn  on  **  Earth,  Sand,  Clay  and  OraTel  Roads" 
pfepared  by  Charles  H.  MooreOeki  <tf  the  U.  S.  office  ot  PubUc  Roads  and 
abatraoted  in  Engineering  and  Contracting,  April  18, 1017. 

Tabui  IV.-^baoino  MACBZNa  Woas 

Assumed  eonditioDs:  Original  eroas  section  flat;  team  to  consist  of  six  to 
dght  well-trained  hofses;  no  material  moved  longitudinally. 

Charaeter  of  soil  Cost  per  mUe 

light  prairie,  free  from  stumps,  roots,  etc $d0to$80 

Avenge  day  loam 100  to   150 

Heavy  ehy,  moderate  amount  of  sod  and  roots,  plowing  necessary 

throughout 200  to    280 

Heavy  day,  eAeeptionaUy  difficult  conditions From  t2S0  up 

Crowning  and  duping  road  which  has  been  graded  with  scrapers, 

etc 50  to    75 

Tabui  V. — Excavation  and  Embanxmbnt 

Assumed  eondltions:  All  material  to  be  loosened  with  plows  or  by  blasting, 
and  to  be  moderately  dry  when  handled.  Hautiog  to  be  done  by  means  of  drag 
scrapers,  wheeled  scrapers,  or  wagons. 


IQttdof 
material 

li^it  sandy  loam, 
free  from  roots, 
etc. 

Average  day  loam 
free  from  roots, 
etc. 


Average 

cost 
per  cubic 

yard, 

cents 

10  to  151 
12  to  20 


Average 

haul 
length.         Method  of 
feet  hauRng 

60  Drag  scrapers. . 

100  Drag  scrapers. . 

300  Wheeled  scrapers.  16  to  25 

1 .000  Wagons 25  to  40 

50  Drag  scrapers.   ..  15  to  20 

100  Drag  scrapers 17  to  25 

300  Wheeled  scrapers.  28  to  35 

1 ,000  Wagons 82  to  50 


Remarks 

Material  assumed  to 
be  such  that  little  or 
no  plowing  is  nec- 
essary. 

Material  such  as  to 
be     loosened     with 

Elow  drawn  by  two 
orses. 


Heavy  clay. 


EUrd  pan  or  loose 
rook. 


SoUdrock. 


50  Drag  scrapers 18  to  25  ] 

100  Drag  scrapers 21  to  30  (  Four    horses    required 

300  Wheeled  scrapers.  28  to  38  f     for  plowing. 
1 .000  Wagons 40  to  55  J 

Low  prices  apply 
where  material  may 
be  loosened  with  4 
horses  and  hardpan 
plow.  High  prices 
where  blasting  is 
necessary. 

High  prices  apply 
where  stone  is  nard 
and  «x«ava.\iMm.  libaiir 

\OW.  9tl^ 


/     300  Wsgons 40  to  65  \ 

1 1.000  Wsgons 45  to  75  / 


/     300  Wsgons. 
11,000  Wsgons. 


SO. 


65  to  $1.50 
75  to    1.75 
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Tables  IV  and  V  are  intended  to  furnish  a  rough  guide  in  making  estimates 
of  grading  cost  at  a  flat  rate  per  cubic  yard.  They  are  based  on  labor  at  15 
cts.  per  hour;  horses  at  12^  cts.  per  hour.  The  depreciation  of  grading  equip- 
ment and  repairs  toe  figured  at  6  per  cent  per  month  while  in  use,  and  it  is 
expected  that  the  force  will  be  organized  economically  and  managed  efficiently. 

Cost  of  Small  Steam  Shorel  Work  in  Road  Ofading,  California. — J.  E. 
Bonersmith,  gives  the  f(^owing  in  Engineering  and  Ckmtraoting,  July  19, 
1916.     * 

The  work  described  was  on  the  California  State  Highway  between  Tormey 
and  Eckley  in  Contra  Costa  County,  California,  and  was  done  in  1915.  The 
road  graded  was  four  miles  in  length  and  contained  72,000  cu.  yd.  of  excava- 
tion through  a  rather  rough  country.  The  material  consisted  of  earth,  soft 
and  hard  shale. 

The  method  of  work  was  as  follows:  After  the  culverts  were  constructed, 
two  fresno  gangs  (each  gang  having  a  six-horse  plow  and  from  four  to  six 
fresnos)  were  started  and  made  the  fill  over  the  culverts;  also  moved  the  dirt 
in  all  cuts  where  the  hauls  were  200  ft.  and  less.  A  Model  31  Marion  Rev<dv- 
ing  Shovel  followed  the  fresno  gangs  and  loaded  all  the  material  that  had  to  be 
hauled  into  dump  wagons.  The  number  of  wagons  varied  from  six  to  twelve. 
Behind  the  steam  shovel,  a  small  fresno  with  four  muckers  did  all  the  flnighing 
work. 

The  road  was  graded  to  a  width  of  21  ft.  and  through  the  thorough  cuts  the 
shovel  had  to  turn  through  a  full  180°.  On  this  work,  the  average  output  of 
the  shovel  for  an  8-hour  day  was  375  cu.  yd.,  as  there  was  considerable  loss  of 
time  in  spotting  the  wagons;  but  where  the  shovel  was  only  going  through  90**, 
it  handled  510  cu.  yd.  The  local  water  was  the  cause  of  some  delay  and  since 
the  water  is  a  very  serious  question  in  the  cost  of  equipment  on  any  job,  we 
now  make  it  a  rule  to  have  the  water  analyzed  and  the  proper  boiler  compound 
on  hand  before  the  shovel  starts  to  work. 

Costs  to  job  in  day  rentals:  Horses  rented  to  job  at  $1.25  per  working  day; 
fresnos,  wagons,  etc..  at  $0.25  per  working  day;  wagon  and  fresno  drivers  at 
$2.50  per  day;  Marion  steam  shovel,  including  fuel,  runner,  etc..  $50  per  day. 
These  costs  of  equipment  are  used  on  all  our  work  as  we  have  found  from  many 
years  of  experience  that  it  is  the  only  way  we  can  arrive  at  a  true  cost.  Take 
the  shovel  as  an  example;  its  rental  is  based  on  the  following  (barges: 

First  cost,  $8,200;  life  of  shovel,  1,000  working  days  in  six  years  ^  cost  per 

day $  8.25 

6  per  cent  mterest  on  $8,200  for  three  years,  $1,476;  interest  per  day.. .  1 . 48 
Repairs^  (when  the  shovel  is  broken  down  the  engineers',  firemen,  etc., 

time  is  charged  to  repairs),  per  day 2 .  00 

Freight,  knocking  down,  etc.  (this  cost  was  arrived  at  by  cost  kept  on 

another  shovel),  per  day 3 .  00 

Fuel,  ^  ton  of  coal  per  working  day  at  $12  per  ton 9 .  00 

Water  wagoi}  with  four  horses  and  driver,  per  day 7 .  75 

Water  and  oil,  per  day .85 

Engineer  per  day 6. 76 

Fireman,  per  day 3 .  00 

Two  pit  men  at  $2.50  per  day 5 .  00 

Incidentals 2.92 

Total  cost  per  day $50.00 

Following  is  the  total  cost  of  the  above  mentioned  grading  of  the  State 
Highway  between  Tormey  and  Eckley: 
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Hotws,  8.75e  (Uyt  tX  $IM  per  day $10,046.00 

Eqaipment.  1342  days  at  25  ot.  per  day 400. 50 

Dnrer  labor.  1^2  days  at  $2.50  per  day 4,605.00 

Steam  ahoTel  104  days  at  $50  per  day 5,200.00 

Foreman   120  days  at  $5  per  day 600.00 

Timekeeper  4  months  at  $75  per  month 800. 00 

Muckera  and  elopers.  500  days  at  $2.25  per  day 1 .  125.00 

Moekers,  slopers,  etc.  212  days  at  $2  50  per  day 530.00 

Porchasea  (picks,  shovels,  lanterns,  oils,  etc.) 182 .  60 

Insurance 280.00 

Total  coat $24,248. 10 

Cost  per  CO.  yd $    00.3367 

Coats  oa  Stroet  Oradtng  with  a  Steam  Shovel,  in  Minneapolis,  Minn^ — 
Fred  T.  Paul  gives  the  foUowing  data  in  Engineering  and  Contracting,  June  7, 
1016. 

The  work  under  consideration  was  done  by  force  account  in  1915  under  the 
City  Engineer's  Department,  W.  J.  Walsh,  Acting  Engineer  in  charge.  The 
material  moved  was  a  conglomerate  with  a  medium  fine  sand  predominating. 
The  cut  was  from  2  to  15  ft.  deep.  70  to  80  ft.  wide,  and  about  3.500  ft.  long. 
A  Marion-Oflgood  No.  18,  ^-cu.  yd.  traction  steam  shovel  placed  the  material 
in  ordinary  IH  cu-  yd.  dump  wagons,  and  ttiese  in  turn  deposited  it  in  the  fills 
on  the  street,  making  an  average  haul  for  the  job  of  1,000  ft. 

The  work  was  started  June  12  and  finished  on  Aug.  20.  covering  a  period  of 
55  full  working  days  of  eight  hours  each,  and  five  part  days.  On  these  part 
days,  little,  if  any.  dirt  was  moved,  but  the  engineer,  foreman,  fireman, 
watchman  and  timekeeper  received  full  time — while  the  laborers  and  teams 
were  given  only  part  time.  A  total  of  21.500  cu.  yd.  of  material  were  handled 
in  the  55  full  days,  making  an  average  day's  output  of  391  cu.  yd.  The 
maximum  was  reached  during  five  days  in  the  heaviest  cut  when  611  cu.  yd. 
per  day  was  moved. 

The  total  material  cost  of  the  Job  was  $199.56,  distributed  as  follows: 

27.45  tons  of  soft  coal  at  $5.05  per  ton $     138. 62 

50  gal.  steam  cylinder  oil  at  $0,294  per  gal 14. 70 

Blacksmith  repairs 17.64 

New  shovel  parts .82 

Miscellaneous,  including  waste,  packing,  hose,  grease,  etc 27 .  78 

$    190.56 
The  average  daily  pay  roll  was  as  follows; 

1  foreman  at  $4  per  day 4 .  00 

1  engineer  at  $6  per  day 6 .00 

1  fireman  at  $2.50  per  day 2 .  50 

l-20th  timekeeper  at  $4  per  day .20 

1  watchmad  at  $2.50  per  day 2 .  50 

2  laborers  on  dump  at  $2.50  per  day  each 5 .  00 

2  laborers  in  pit  at  $2.50  per  day  each 5 .  00 

1  laborer  on  coal  and  water  at  $2.50  per  day 2 .  50 

6  laborers  straightening  and  leveling  up  at  $2.50  per  day  each 15. GO 

7  teams  on  damp  wagcms  at  $5  per  day  each 35 .  GO 

Total  average  daily  payroll $      77 .  70 

Grand  total  payroll  tor  sixty  days 4 . 5.S3 .  01 

"Total  material  as  above 199 .  56 

Interest  and  depreciation  on  plant 70 .  00 

57 


898  HANDBOOK  OF  CONSTRUCTION  COST 

DiSTBIBUTION  ANJ>  UnTT  COVIB 

Per 
General —  Amount       ou.  yd. 

Foreman   60  days  at  $4 I     240.00  fO. 01116 

l-20th  timekeeper.  60  days  at  20  cts 12 .  00       .  00056 

Total  general I     252.00  fO. 01172 

EXCAVATINQ  AND  PlACINQ   MaTEBIAL  IN  WaQONB 

Labor — 

Engineer,  60  days  at  $6 $    360.00  $0. 01674 

Fireman,  60  days  at  12.50 180. 00       .00698 

Watchman,  60  days  at  12.50 150. 00       .00698 

2  pit  laborers  68  days  at  $5 290. 00       .01349 

Laborer  on  coal  and  water,  58H  dajrs  at  $2.50 145 .  61       .  00676 

6  laborers  on  cleanup,  68  oayB  at  $15 870. 00       .04047 

Total  labor , 11,966.61  $0.09142 

Material  and  supplies  as  above 199. 56       .00928 

Interest  and  depredation  on  plant,  lOH  per  cent  on  $4,000 
for  60  days 70.00       .00325 

$2,235.17  $0.10395 

Hauling,  Including  Placing  in  Dump 

7  teams,  58H  days  at  $35 $2,046.00  $0.09516 

2  laborers.  58  dajrs  at  $5 290. 00       . 01349 

$2,336.00  $0.10865 
Grand  totals $4,823.17  $0.22432 

Based  on  the  total  cost  of  moviiig  21,500  cu.  yd.  an  average  distance  of 
1.000  ft.,  the  cost  per  cubic  yard  hauled  100  ft.  would  be  .0221 .  However,  the 
actual  hauling  cost  per  cubic  yard  per  100  ft.  was  only  .0108. 

Steam  Shovel  Excavation  in  Shallow  Cut  for  Road. — Engineering  and  Con- 
tracting, June  21,  1916,  gives  the  following: 

A  road  grading  cut  1 .6  miles  long  and  nowhere  exceeding  18  in.  in  depth  was 
made  Oct.  1  to  Dec.  10,  1915,  or  in  54  days,  for  a  brick  on  concrete  base  pave- 
ment on  Ocean  Ave..  Deal,  N.  J.  The  total  amount  of  exoavation  was  30.000 
cu.  yd.  The  shovel  used  was  Bucyrus  with  5^-cu.  yd.  dipper,  and  between 
the  dates  named  it  excavated  17.704  cu.  yd.  Working  a  10-hour  day.  the 
greatest  yardage  was  477  cu.  yd. ;  the  average  yardage,  excluding  lost  time,  was 
33  cu.  yd.  per  hour.  During  the  54  working  days  25H  hours  were  lost,  due 
to  rain  or  other  causes.  Some  partial  records  were  as  follows:  In  9  days  two 
blocks  700  ft.  long  and  50  ft.  wide  were  cleaned  up.  Again,  in  one  week,  in  a 
cut  running  from  9  to  18  in.  deep,  an  advance  of  200  ft.  per  day  was  registered, 
or  an  average  of  about  850  cu.  yd  per  day.  The  haul  averaged  about  a  half 
mile.    The  shovel  had  to  wait  for  wagons  at  times  from  two  to  three  minutes. 

Methods  and  Costs  of  Constructing  Three  Sectioits  of  SaAd-clay  Road. — 
Engineering  and  Contracting,  April  28.  1915,  publishes  the  following: 

The  work  considered  is  three  sections  of  sand  clay  "object  lesson**  road 
built  in  1912  in  North  Carolina.  The  construction  methods  are  described 
and  the  costs  are  computed  from  data  given  in  the  Report  for  1913-14  of 
Joseph  Hyde  Pratt.  State  Geologist.  North  Carolina. 

The  first  section  of  road  extends  from  Calypso.  N.  C.  southeast  toward 
Kenansville.  The  adjacent  land  is  slightly  roUlng  and  the  soil  is  sandy 
throughout  the  length  of  the  section.    The  grading  consisted  in  plowini^  th^ 
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dltdiM  and  bringiiig  tlie  load  to  the  proper  crow  oeetton  wtth  a  road  machlne- 
A  small  amount  of  material  was  moved  for  an  average  distance  at  60  ft.  with 
drag  8cn«>er8.  For  1,660  ft.  the  road  was  graded  24  ft.  wide  and  surfaced  14 
ft.  wide,  making  the  area  graded  4,400  sq.  yds.  and  the  aiea  surfaced  2.603  bq« 
yds.  The  crown  of  the  finished  roadway  was  three-fourths  Inch  to  1  ft.  Clay 
to  the  amount  of  248  cu.  yds.  was  hauled  an  average  dtetance  of  2,400  ft.,  and 
66eu.yds.  of  sand  was  hauled  an  average  distance  <rf  1,760  ft.  Farm  wagons 
having  an  approximate  capacity  of  1  cu.  yd.  were  used  for  hauling  both  sand 
and  day.  They  were  loaded  and  unloaded  with  shovels.  Two  corrugated- 
Inm  culverts  were  ordered  for  this  work,  but  were  not  received  before  the 
•uifadng  was  completed. 

The  equipment  coosiBted  of  1  road  macdilne,  1  rooter  plow,  1  turn  plow,  1 
q>Ut-log  dragt  2  drag  scrapers,  1  disk  harrow,  farm  wagons,  and  hand  tools 
I^abor  ooflt  f  1  and  $1.60  per  day  and  teams  cost  $1.20  and  $2.60  per  day. 
The  cost  of  grading  and  shaping  4,400  sq.  yds.  of  subgrade  was  13,860  or 
0.88  cts.  per  square  yard.  The  costs  for  2,668  sq  yds.  of  surfacing  proper  were 
asfoUows: 

Item  CoBt 

Loading  sand $    3 .  76 

Hauling  sand 6.26 

Spreading  aaad 1.60 

Loading  oUy 22.66 

Hauling  clay 49.26 

SpnHMirns  clay 6 .  50 

Mizins  eia^r  and  sand 4 .  80 

Final  shaping  with  drag 1 .  60 

Total $  Q.'i.SO 

Add  grading 38 .  60 

Grand  toUl $133.90 

Coat  per  square  yard,  5.21  cts. 

The  second  section  constructed  extends  from  Cooleemee  northeast  to  Jeru- 
salem, N.  C.  The  land  adjacent  to  the  road  is  rolling  and  the  soil  varies  from 
"black-jack"  gravel  to  micaceous  clay.  This  road  had  been  graded  to  a 
width  of  24  ft.  in  cuts  and  18  ft.  in  fills,  and  the  drainage  structures  were  all 
completed  before  the  object-lesson  work  was  begun. 

The  sand  for  use  in  surfacing  was  loosened  with  plows,  loaded  with  hand 
shovels,  hauled  i^proximately  IH  miles  in  slat-bottom  wagons,  and  spread 
with  grader  and  by  hand.  The  subgrade  prepared  for  surfacing  was  20,020 
ft.  long  and  16  ft.  wide,  making  a  total  area  of  36,690  sq.  yds.  The  same  area 
was  given  a  sand-clay  surface  6  ins.  thick  after  compacting,  with  a  crown  of 
^  in.  to  1  ft.  For  the  surfacing  4,820  cu.  yds.  of  material  were  used,  about 
3,000  cu.  yds.  of  which  were  purchased.  The  wages  per  day  were  labor  $1.25, 
and  teams  $3 .     The  costs  were : 

Item  Cost 

Loading  sand  at  6.05  cts.  per  cu.  yd $    291 .  61 

Mixing  surfacing  at  0.1  ct.  per  sq.  yd 37 .  25 

Shaping;  at  0.15  ct.  per  sq.  yd 53.25 

Spreading  sand  at  1 .37  cts.  per  cu.  yd 66 .  00 

Hauling  sand  at  25.40  cts.  per  cu.  yd 1 ,227. 00 

Sand  pita 105 .  25 

General  expense 19. 25 

Total %\aV^.^\ 

Per  MQWU9  yrdt  9.06  cts. 
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>.  The  cost  of  superintend^ice,  which  is  Included  above,  was  6.33  per  cent  of 
the  total  cost. 

The  third  section  of  road  was  constructed  in  Lexington,  N.  C.  The  adja- 
cent land  is  rolling  and  the  natural  soil  is  clay  of  a  plastic  nature,  but  lacking 
in  toughness.  The  first  work  was  grading.  The  earth  was  loosened  by  a 
traction  engine  and  a  road  plow;  loaded  and  hauled  with  drag  scrapers,  wheel 
scrapers,  and  wagons,  and  spread  with  shovels.  The  maximum  cut  was  4  ft. 
and  the  maximum  M  3  ft.  The  maximum  grade  was  reduced  from  3  per  c^it 
to  1  per  cent. 

The  equipment  consisted  of  three  No.  2  wheel  scrapers,  six  No.  2  drag 
scrapers,  two  plows,  three  IH-cu.  yd.  dump  wagons,  one  12-HP.  traction 
engiae,  picks,  shovels,  etc.  The  average  haul  fw  excavation  was  150  ft.  and 
the  maximum  haul  400  ft.  The  sand  mixed  with  the  day  for  surfacing  was 
obtained  from  a  pit  and  hauled  for  an  average  distance  of  3  miles  in  l-cu.  yd. 
slat-bottom  wagons.  The  quaUty  of  the  sand  was  excellent  for  the  purpose 
for  which  it  was  used.  Free  labor  cost  $1.26  and  $1.50,  and  foreman  $3  per 
10-hour  day.  Convict  labor  was  estimated  at  $1  per  day,  and  teams  cost  from 
$2  to  $3  per  day. 

The  total  length  graded  was  3,000  ft.,  and  the  width  graded,  both  In  cuts 
and  fills,  was  30  ft.,  making  the  total  area  graded  10,000  sq.  yds.  The  entire 
length  of  3,000  ft.  was  surfaced  for  a  width  of  18  ft.,  making  the  area  surfaced 
6,000  sq.  yds.  The  compacted  depth  of  surfacing  material  was  4  ins.  and  the 
crown  f^  in.  to  1  ft.  The  earth  excavation  amounted  to  3,075  cu.  yds.,  and 
the  sand  used  for  surfacing  amounted  to  815  cu.  yds.  The  cost  of  the  work 
was: 

Item  Coet 

Excavation  at  11  cts.  per  cu.  yd $    440. 35 

Hauling  sand  at  80  cts.  per  cu.  yd 652 .  00 

Spreading  at  1.6  cts.  per  cu.  yd 12 .  75 

Mixing  sand  and  clay 60 .  60 

Sprinkling 6. 00 

Gren«*al  expenses '.  5.75 

Total $1,177.46 

Per  square  yard,  19.6  cts. 

Methods  and  Cost  of  Constructing  a  Sand-Gumbo  Road  in  Nebraska. — 
Engineering  and  Contracting,  Feb.  4,  1914,  gives  the  following  data,  taken 
from  Bulletin  No.  53  issued  by  the  U.  S.  Department  of  Agriculture. 

On  August  19,  1912,  work  was  resumed  on  the  construction  of  the  sand- 
gumbo  road  extending  northwest  from  the  Platte  River  toward  Columbus, 
Neb.  A  section  of  road  3,002  ft.  long  was  added  to  the  section  constructed 
during  the  fiscal  year  1912.  The  roadbed  was  graded  to  a  width  of  32  ft.  in 
cuts  and  24  ft.  on  fills.  A  sand-gumbo  surface  16  ft.  wide  was  constructed 
having  an  area  of  5,337  sq.  yds.     The  section  was  completed  on  Sept.  4,  1912. 

Earthwork. — The  maximum  grade  was  reduced  from  13.2  -per  cent  to  4.4  per 
cent.  The  adjacent  land  is  level  and  the  soil  is  sandy.  The  earth  was  loos- 
ened with  plows  and  hauled  in  drag,  Fresno  and  wheeled  scrapers.  The 
average  haul  was  160  ft.  and  the  maximum  haul  was  350  ft.  In  the  excava- 
tion 760  cu.  yds.  of  earth  were  moved  and  the  maximum  cut  was  1.3  ft.  and 
the  maximum  fill  2.7  ft. 

The  construction  outfit  consisted  of  4  drag  scrapers,  2  Fresno  scrapers.  1 
wheeled  scraper,  one  8-horse  road  machine,  1  steel  road  drag,  1  plow,  1  disk 
harrow,  1  spike  harrow  and  the  necessary  hand  tools.  Labor  cost  $2  and 
teams  $4  per  lO-hour  day.    Table  VI  gives  the  cost  of  the  earthwork. 
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Tabui  VI. — CoBT  or  Earthwork  for  Sakd-Gumbo  Road  uf  Nbbraska 

Unit 
Unit  cost 

co0t  sq.  yd. 

per  weanng 

cu.  yd  surface 

$0,158  SO. 0225 

0.0088 

0.0062 

0.0002 

0.0008 

10.0375 


Itern-^  Amount 

760  cu.  yds.  excavation $120. 00 

Shoulders  and  ditches 46. 40 

5.337  sq.  yds.  shaping  subgrade 28 .  20 

Miseellaneous 1 .  40 

Superintendence 4 .  20 

Total $200. 20 


Materialt  and  Methods  U$ed  in  MaJnng  Wearing  Surface. — The  Slllf adng 
material  consisted  of  a  good  quality  of  blacic  gumbo  and  sharp  clean  sand. 
The  gumbo  was  spread  to  a  depth  of  7H  inS'  &nd  the  sand  to  a  depth  of  6  Ins.* 
both  measured  loose.  The  two  materials  were  then  mixed  by  means  oi  plows 
and  harrows  and  shaped  with  a  steel  drag  and  a  road  machine.  The  com- 
pacted depth  of  the  finished  surface  was  8  ins.  and  the  crown  was  H  in.  per  foot. 
In  this  work  1 ,  165  cu.  yds.  of  gumbo  and  890  cu.  yds.  of  sand  were  used.  The 
gumbo  was  hauled  approximately  2  miles  in  slat  bottom  dump  wagons  baring 
a  capacity  of  1  cu .  yd.  The  sand  was  hauled  a  distance  of  4.000  ft.  in  the  same 
wagons.    The  cost  of  the  wearing  surface  was  as  given  in  Table  VII. 

Tablr  VII. — Cost  or  Sakd-Guiibo  Wrarinq  Surface  fob  a  Road  in  Nebraska 

Unit 

cost 

sq.  yd. 

wearmg 

surface 

$0,008 

0.034 

0.131 

006 

018 

056 

.002 

.007 

0.0025 

0.001 

0.002 

0.007 


Item — 


Amount 


Unit 

cost 

per 

cu.  yd. 


Purchase  of  gumbo  pit $ 

Loading  gumbo 

Hauling  gumbo 

Spreading  gumbo 

IfOading  sand 

Haolini;  sand. 

Spreadmg  sand 

Mixing  sand  and  gumbo 

Shaping 

Rolfimr 

Miaoellaneous 

Superintendence 


41.35  $0,035 
180.40    0.155 


698.80 
34.00 
93.60 

299.00 
10.60 
37.20 
4.00 
13.60 
12.60 
37.80 


0.600 
0.029 
0.105 
0.836 
0.012 
0.018 


Total $1 ,  462 .  95 

The  following  is  a  summary  of  the  cost : 


Amount 

Earth  work $    200.20 

Wearing  surface 1 .462. 95 

Total $1 .663. 15 


0. 

0 

0 

0 

0 


$0.2745 


Unit 

cost  per 

sq.  yd. 

wearing 

surface 

$0.0375 
0.2745 

$0.3120 


DaU  on  the  ConstroctioB  of  t$  Sand -Clay  Roads.— TOkUeVlWA^V^K^'o^Vt^^^ 
"Engineering  And  Contracting,  Jan.  17,  1912,  ia  baaed  on  ^^X&  ^n«;cl\i^Vqr.  vsi- 
Buml  report  ofLogtm  Waller  Page,  Director  <A  the  Otftoa  ol  Y\i\>Vtfi^o«^A^^ 
ihe  ascal  yoAT  ending  June  30.  1911. 
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Mfdiin  Roftd  Constrnetioa  Vslnff  Indattrial  RAihrmy  for  HavUiif . — 
R.  P.  Mason  gires  the  foUowing  matter  regarding  the  oonstnictfon  of  a  maca- 
dam road  about  0.5  miles  long  in  Delta  County,  Mich.,  In  Engineering  and 
CoQtraeting.  April  7, 1915. 

The  hauling  outfit  consisted  of  a  80  HP.  locomotive  and  50  Koeppel  side 
dump  can.  There  was  also  one  track  laying  car  which  carried  the  track, 
which  consisted  of  15  ft.  sections  of  24  gage  track.  20-lb.  rails,  with  7  steel  ties 
to  the  section.  In  all  there  were  4  miles  of  track  with  necessary  curyes  and 
Bwitchea. 

Cars  were  loaded  with  \yi  cu.  yds.  of  stone  which  when  dumped  at  a 
standstill  Just  made  one  course  of  large  stone.  The  haul  averaged  3H  miles 
eadi  way  and,  at  first ,  with  20  cars,  8  tripe  were  made  per  day.  After  the 
operation  was  running  smoothly  25  cars  were  handled  on  each  trip. 

The  stone  was  spread  with  road  machine  hauled  by  2  teams.  Unloading  the 
stone  took  about  10  mins.  and  the  machine  finished  the  spreading  while  the 
train  made  another  trip.  Very  little  dressing  with  rakes  put  the  surface  in 
Al  condition  for  rolling  and  the  machine  q>readiag  gave  a  uniform  distribution 
and  smooth  roadway.  However,  it  is  only  by  handling  a  large  vohune  of 
stone  per  day  that  this  system  can  be  made  profitable.  It  is  necessary  that 
all  units  of  the  force  be  proi)ortioned  and  kept  busy  and  as  It  takes  two  teams 
to  handle  the  road  machine  it  is  essential  that  they  have  enough  stone  to  make 
it  an  object. 

After  the  preliminary  rolling  a  train  of  screenings  was  poured  from  the  train 
in  motion,  making  a  windrow  near  the  track  sufficient  to  cover  the  course  and 
spread  by  hand.  This  pouring,  with  the  help  of  the  spreaders,  took  about  the 
same  time  as  dumping  the  stone. 

Three  10-ton  rollers  worked  constantly  and  by  utilizing  all  the  lost  time  of 
the  train  due  to  bad  weather,  moving,  and  shortage  of  stone  and  occasionally 
working  nights,  they  were  able  to  keep  up  their  end.  Two  sprinklers,  filled 
by  a  gas  rotary  pmnp,  were  used  and,  as  the  water  was  convenient  along  the 
road  they  furnished  abundance  and  it  was  not  always  necessary  to  work  them 
both. 

All  the  ordinary  hazards  of  road  building  entered  into  this  Job,  wet  weather, 
soft  subgrades  and  a  number  of  railroad  crossings  which  meant  delay  as  well 
as  extra  expense  for  watchmen.  A  hill  5.1  per  cent,  1,000  ft.  long  with  a  16" 
curve  about  the  center  made  it  necessary  to  put  in  a  spur  at  the  foot  and  take 
the  train  up  in  two  or  three  sections.  As  this  work  was  entirely  new  to  this 
locality  an  entire  crew  had  to  be  broken  in  and  it  is  evident  that  costs  can  be 
materially  lessened  in  the  future,  now  that  the  organization  is  complete.  The 
fastest  mile  was  laid  in  six  days  towards  the  end  of  the  season,  compared 
with  the  first  mile  on  the  same  haul  which  took  fourteen  days.  The  crew 
required  was  about  as  follows: 

Loader 4  men 

Train. 2  men,  engineer  and  brakeman 

Spreading 2  teams  and  teamstora 

Spreading 5  to  7  men 

RoDing 3  men 

Sprinluing 2  teams  and  teamsters 

Foreman 1 

Watchmen 1  or  more 

Tracklasring 4 

Wages  were  $2  per  day  for  laborers,  %b  for  teams  vdl\v  Vea^rEv&Xer^,  V&  \^st 
TcHermen,  engineer,  $00  per  month,  -^ 
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Compared  with  team  haul  the  method  described  shows  a  sav^  of  about  30 
cts.  per  cubic  yard,  or  nearly  $700  per  mile.  We  also  saved  39  cts.  on  our 
stone  and  10  cts.  on  the  unloading,  making  a  total  of  about  $1,800  per  mile 
over  previous  prices.  The  saving  on  haul  alone  would  be  more  marked  on  a 
longer  haul.  We  also  used  the  outfit  in  grading  where  material  had  to  be 
moved  some  distance  and  found  it  extremely  convenient  and  economicaL 
Another  very  decided  advantage  of  road  building  by  this  method  is  seen  in  the 
fact  that  there  is  no  hauling  over  the  road  during  construction  and  it  is  opened 
to  traffic  in  perfect  condition.  It  is  also  easier  to  keep  the  subgrade  from  being 
cut  up  and  therefore  takes  less  stone  for  a  given  thickness. 

The  costs  in  Table  IX  include  everything  that  is  a  proper  charge  to  the 
work,  the  cost  of  moving  outfit  from  one  point  to  another,  laying  up,  and 
tracklaying  includes  taking  up  as  well.  Loading  includes  setting  up  loader 
and  in  one  case  building  a  siding  1,000  feet  long.  Tlie  number  of  watchmen 
makes  the  hauling  cost  high;  a  greater  output  will  cut  down  the  spreading  and 
the  overhead  in  this  case  is  high  on  aocount  of  the  short  season. 

Table  IX. — Macadam  Cost  Sheet,  Delta  County,  Michigan 

No.  of  davB  worked 93 

Milee  of  nniBhed  road 9. 44 

No.  yards  stone  used , , 21 ,920 

No.  yards  stone  used  per  mile 2 ,310 

No.  days  to  build  mile  of  road — average 9.4 

No.  yards  stone  per  day 236 

Cost  of  tracklaying  per  mile  of  finished  road $108. 10 

Cost  per 
cu.  yd. 

Cost  of  stone  at  our  siding $         0. 860 

Loading  trains .052 

Tracklaying .047 

Enidneer .  020 

Brakeman .013 

Watchmen .017 

Coal .012 

Oil,  grease  and  waste , . . .  r.  .  002 

Repairs .  003 

Total $        0. 114 

Interest  and  depreciation  on  hauling  outfit .  062 

Spreading .114 

Sprinkling .043 

RoUing .082 

Fcnreman  and  timekeeper .030 

Total $         0.269 

Int.  and  dep.  on  all  other  machinery .040 

General  expense .  031 

Total $        0.071 

Total  cost  per  yard  (loose)  of  finished  road $         1 .  418 

Cost  per  mile $3,276.58 

Cost  of  Constructing  Macadam  Pavement  at  Hamilton*  Ont. — The  following 
figures,  published  in  Engineering  and  Contracting,  Sept.  4,  1918,  from  the 
report  of  E.  R.  Gray,  City  Engineer  of  Hamilton,  Ont.,  for  1916-17  show  the 
unit  cost  of  constructing  2,361  sq.  yd.  of  macadam  on  the  northerly  half  at 
Burlington  St.  The  macadam  consisted  of  5  in.  of  bottom  stone  and  3H  in. 
of  top  stone,  requiring  897  cu.  yd.  stone  and  screenings  loose  measurement,  or 
559  cu,  yd.  in  place.  This  was  1.6  cu.  yd.  of  stone,  loose  measurement,  foe 
each  cubic  yard  in  place.    The  cost  of  work  was  as  follows: 


nOADS  AND  PAVEMENTS 


Quoutltis,  etfl. 

].  yd 

I  tailinsa  at  tlM 


BuiliDf  bottom  Atone-  ■ 

Lkvina  bottom  itooe . , . 
BoUiiv  bottom  aUiiM.. . 


BlltK.M>i. 

ittl.S7M  (t7.50  per  dmy. 
.     iDcUse  tickets  II3.W(. 


Rowl  roller.  Ion 


o>»»r. 

"^.^l^""-'"""-'**-''"^-- 

■w 

372 

as 

35 

00 

523. 3B  (I. 

.OBB 

Tbe  labor  oost  of  unloading  the  stone  from  csis  udng  hoppers  wu  33,8  et. 
per  ton  or  M  ct-  per  load,  the  latter  averBglng  2.57  tons.  The  labor  tlnw 
(or  nuloadliiK  370.8  tona  (rom  7  e«ra  was  24>i  hours  «l  35  ds.  per  hour. 

BSect  ol  Lencth  of  Haul  on  Coal  el  3urt*ela(  Hiudam  lad  CranI  Xeada. — 
Tbe  fallowing  curve,  token  from  on  article  by  K.  I.  Sawyer  hiEnghieeiiag  and 
Contracting,  June  17.  IS)  4.  la  based  on  costs  of  rood  construction  In  Michigan. 
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Cott  of  Operating  a  Steam  Road  Roller. — £.  W.  Robinson,  gives  the  foUoir- 

ing  costs  of  operating  a  15-ton  macadam  road  roller  for  the  two  seasons  of  1910 

and  1011  in  Engineering  and  Contracting,  March  20,  1912.    The  roller  wai 

bought  new  in  1906  at  a  cost  of  $3,000,  these  two  years  making  the  fourth  and 

fifth  seasons,  respectively,  in  use.     In  all  it  has  been  used  to  roll   150,000 

aq.  yds.  oi  water  bound  macadam,  gravel  and  asphalted  macadam  pave- 

mfents,  and  in  addition  was  used  on  some  three  or  four  miles  of  county  road 

work.    It  has  also  been  used  to  a  small  extent  to  pull  plo¥^  and  roolers  Id 

opening  side  ditches  and  making  street  excavation,  and  for  rolling  down  refilled 

aewer  trenches.    As  nearly  all  the  macadam  roads  and  pavements  in  thif 

locality  are  constructed  of  hard  flint  rock  the  large  wheels  are  pretty  weU 

worn  and  will  need  replacing  after  another  season  or  two.    With  that  one 

exception  the  roller  is  in  very  good  condition,  considering  the  number  of 

different  men  who  have  handled  it,  and  only  a  few  minor  renewals  have  been 

necessary. 

1910—67.4  Days  of  8  Hours  Each 

Total         Per  day 

Enginemtfn,  67.4  days,  at  $2.50 $168. 50  $2. 500 

Coal,  32.59  tons,  at-$4. 00 130.36  1.934 

Water,  free 00.00  0.000 

Repairs  and  supplies 105. 26  1 . 562 

Interest.  6  %  of  $3.000 180. 00  2,671 

Depreciation,  life  25  years.  3  %  compound.  2.75  %  of  $3,000.  82 .  50  1 .  224 

Total $666.62  $9,891 

Cost  per  sq.  yd.  of  roUinc  26,006  sq.  yds.  of  asphalted  macadam,  in- 
cluding subgrade,  6  ins.  thick $0.0156 

Cost  per  sq.  vd.  of  rolling  15,062  sq.  yds.  of  gravel  pavement,  including 

sabgrade,  6  ins.  thick 0. 0136 

Average  sq.  yds.  rolled  per  day  of  8  hrs.,  asphalted  macadam 630 

Average  sq.  yds.  rolled  per  day  of  8  hrs..  gravel 787 

1911—96.75  Days  of  8  Hours  Each 

Total  Per  day 

Engineman.  96.75  days,  at  $2.50 $241 . 88  $2. 500 

Coal,  40.5  tons,  at  $2.55  average 103. 26  1 . 067 

Water,  free 00.00  0.000 

Repairs.  11.85  days  at  $2.50,  plus  $19.90 49.53  0.512 

Oil  and  grease 5.40  0.056 

Interest.  6  %  of  $3.000 180.00  1.858 

Depreciation,  life  25  years.  3%  compound.  2.75%  of  $3,000.       82.50  0.851 

Total $662. 57  $6,846 

Cost  per  sq.  yd.  of  rolling  34,152  sq.  yds.  of  asphalted  macadam, 

including  subptule.  6  ms.  thick $0. 0176 

Average  sq.  yds.  rolled  per  day  of  8  hrs..  asphalted  macadam 388 

It  will  be  noted  that  with  a  much  cheaper  cost  per  day  for  operation  in 
1911  than  in  1910  there  Is  a  decrease  in  the  amount  rolled  per  day.  with  a 
corresponding  increase  in  cost  per  square  yard.  The  reason  for  this  seeming 
inconsistency  is  that  in  1010  the  roller  did  nothing  but  roll  the  sub-grade  and 
pavement  proper,  and  was  called  out  only  when  there  was  sufficient  sub-grade 
or  pavement  prepared  to  constitute  a  full  day's  work,  while  in  1911  it  was 
kept  on  the  job  continuously  after  the  asphalting  started  and  was  also  used  to 
pull  the  two  500-gal.  portable  asphalt  kettles  fon^-ard  as  the  work  progressed. 
By  the  differenoe  in  the  amount  of  pavement  rolled  per  day  for  the  two  seasons 
a  loss  of  about  40  per  cent  of  time  is  shown  for  191 1  compared  with  1910.  and 
that  figure  repr»»ents  pretty  closely  the  time  spent  in  pulling  the  kettles  and 

lying  idle  waiting  for  the  work  to  progret®  tai  ervou^Vv  \o  tv\a.ke  it  worth  while 

omove  hark  and  roll  the  completed  pavemeiiX. 
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Tbeie  axe  several  leaiOQs  for  the  difleienoe  in  ooei  of  opentiOQ  per  day  for 
tbe  two  aeasons.  The  aame  engineman  was  employed  both  aeaflons  at  the 
same  wages,  and  that  item  as  well  as  Interest  and  depreciation  remain  the 
same  for  both  years.  In  1910  the  coal  was  purchased  of  local  dealers  at  retail 
prices,  vdiile  in  1911  a  far  bettec  grade  was  obtained  at  a  much  lower  price  by 
buying  a  full  car.  The  reason  for  the  large  difference  in  cost  of  repairs  and 
suppUes  was  due  to  the  fact  that  the  man  who  ran  the  roller  in  1909  did  not 
take  proper  care  of  it  and  when  the  present  engineman  took  hold  in  1910  a 
pretty  thorough  over-hauling  was  necessary.  It  might  be  well  to  state  that 
the  average  man  whose  only  experience  has  been  with  a  threshing  engine  is  not 
very  apt  to  be  fit  to  run  and  maintain  in  good  condition  a  road  roller.  The 
present  engineman,  who  is  an  old  locomotive  engineer  and  a  good  machinist, 
did  practically  all  the  repairing  on  rainy  days  and  Sundays,  and  the  roller  had 
to  be  taken  to  the  machine  shop  only  once  in  the  last  two  years.  Tlie  reason 
so  good  a  man  was  secured  at  such  a  low  price  is  because  he  gets  straight  time 
the  year  around,  and  when  not  out  with  the  roller  is  employed  at  other  work. 

Cost  of  Road  Roller  Operation  and  Maintenance. — Engineering  and 
Contracting,  Jan.  1,  1913  publishes  table  X  taken  from  the  annual  report  of 
the  Board  of  Public  Works  of  Grand  Rapids,  which  shows  the  cost  of 
maintenance  and  operation,  during  the  fiscal  year  ending  March  31, 1912,  of 
five  steam  road  rollers  owned  by  the  city. 

Tablb  X. — Cost  of  Road  Rollkr  Maintenancb  and  Opbbation  fob  Oni 

Ybab 


No.  1 

No.  2 

No.  3 

No.  4 

No.  6 

Roller 

Roller 

Roller 

Roller 

Roller 

Maintenanoe: 

Total   mainte- 

nance  

106.48 

275.30 

581.27 

269.80 

124.36 

Operation: 

Labor,  running 

717.10 

681.20 

743.00 

769.10 

809.20 

Labor,  cleaning 

30.00 

26.00 

30.00 

60.00 

18.40 

Labor,  piloting 

1.92 

.60 

.60 

1.32 

.60 

Tools 

.48   .. 

.78 

.26 

1.28 

Coal.... 

267.51 

227.66 

246.83 

152.99 

277.05 

Kindling 

24.70 

21.90 

22.30 

11.60 

20.05 

OU 

5.96 

9.74 

8.90 

7.32 

4.21 

Waste 

3.52 

3.33 

3.84 

1.44 

2.77 

Packing 

1.80 

.80  .. 

•   «■•••■           » 

.97 

Cartage 

3.80 

3.30 

4.75 

i.66 

2.30 

Boiler  compound. . . 

7.66 

5.46 

3.90 

1.50 

2.76 

Lanterns  and  globes 

2.37 

.05 

1.23 

.92     . 

Matches 

.20 

.05 

.05     . 

.05 

Grease 

.21 

.90 

1.74 

.is 

.60 

Delay  penalty 

1-incn  nine 

1.00     . 

""!26     '. 
,007! 86     1 

Hose 

.5.80 

Total  operation.. 

1.061.13 

980.99     1 

.068.92     1 

.146.89 

Grand  total 

$1,173.61  $1 

.256.29  $1 

.650.19  $1 

,267.66  $1 

,271.25 

The  total  maintenance  and  operating  expenses  for  these  rollers  for  the  year 
ending  March  31,  1911  (taken  from  Engineering  and  Contracting,  May  22, 
1912)  were  as  follows: 

No.  1  No.  2  No.  3  No.  4  No   6 
Roller  Roller  Roller  Roller  Roller 
Total   mainte- 
nance    $     466.74  $     479.23  $     421.11  $     255.33  $     159.53 

ToUl  operation.      1,251.42  1,290.29  1,188.87  1,149.38  \A«l.AA 


ToUJ $1.718. 16     $1,760.52     $1,609.98     %\,404.1\     %\,^ia.^\ 
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The  average  cost  of  maintenanoe  was  $356.39  for  1911  and  $269.44  for  1912. 

The  weight  of  the  rollers  and  number  of  hours  operated  in  the  year  ending 

March  dl,  1912  are  as  follows: 

No.  hours  oper- 
Weight,  tons         ated  in  year 

No.  1  roller ^            15  1 ,793 

No.  2  roller 13  1 ,703 

No.  3  roller 14  1 ,857 

No.  4  roller 8  1 ,922 

No.  6  roller 10  2,023. 

The  cost  of  maintenance  and  operation  of  these  rollers  per  hour  in  operation 

were  as  follows: 

Total  Per  hour 

No.  1  roUer 11,173.61  $0,605 

No.  2  roller 1 ,256. 29  .737 

No.  3  roller 1,650.19  .888 

No.  4  roller 1,267.65  .659 

No.  6  roller 1,271.25  .628 

A  full  day's  work  at  Grand  Rapids  was  lOH  hours:  10  hours  actual  operation, 
and  the  balance  firing  up  in  the  morning. 

Comparative  Cost  of  Operating  Steam  and  Gasoliite  Rollers.  (Engineering 
and  Contracting,  Feb.  26,  1913).— The  road  building  outfit  of  the  Highway 
Commissioners  of  York  County,  Ontario,  includes  two  12H-ton  and  two  IIH- 
ton  steam  road  rollers  and  a  12-ton  2-cylinder  gasoline  road  roller.  In  the 
report  of  the  Commission  covering  the  year  1912,  E.  A.  James,  Chief  Engineer 
of  the  Commission,  gives  the  following  figures  to  show  the  cost  as  nearly  as 
can  be  judged  of  operation  of  the  steam  and  gasoline  machinery,  both  rollers 
working  under  similar  conditions : 

Cost  of  Operatinq  Steam  Rolleb 

For  10  Hours'  Rolling 
Fuel- 
Kindling  wood $0. 05 

Coal,  380  lbs.  at  $6.85  per  ton 1 .80 

Water— 600  gals. ;  hauling  3  hrs.  at  60  cts.  per  hr 1 .  50 

Oil.  etc 0.05 

Engineer — llM  hours  at  30  cts.  per  hour 3 . 45 

Total $6.35 

For  10  Hours'  Spiking  and  Scarifying 
Fuel- 
Kindling  wood $0. 05 

Coal,  480  lbs.  at  $6.85  per  ton 1 .  64 

Water — 800  gala.,  hauling 2.00 

Oil 0. 05 

Engineer — llM  hours  at  30  cts 3. 46 

Total $7.19 

Cost  of  Opebatinq  A  Gasoline  Rolleb 

For  10  Hours'  Rolling 

Fuel — 12  gals,  gasoline  at  15  cts.  per  gal $1 .  80 

Water — Cooling 0. 12W 

Oil. 0.07 

Engineer — lO^i  hours  at  30  cts 3 .  07Vi 

Total ; $5.07 
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For  10  Hours'  Spiking  and  Scarifying 

lel — 20  gaU.  gasoline  at  15   cts.  per  gal $3. 00 

ater — For  cooling 0.16 

.1 0. 07 

ogineer — lOH  hours  at  30  cts 3 .  07 

Total $6.29 

Cost  of  ShApinff  Up  and  RoUinff  Old  Macadam. — Engineering  and  Contract- 
ig,  Sept.  4i  1018,  gives  the  following: 

The  coat  of  dieaalng  up  12-ft.  wide  limestone  macadam  roads  in  Putnam 
/Ounty,  Indiana,  with  a  steam  roller  having  a  scarifier  attachment  ranged  from 
*9.24  to  $5.35  per  mile  in  1916.  The  average  cost  for  the  months  of  May» 
June,  July  and  August  of  that  year  was  about  $7.08  per  mile.  The  average 
total  cost  per  day  for  the  roller  for  this  period,  including  coal,  was  $6.73. 
The  cost  of  coal  per  day  was  $  1.89.  The  above  figures  are  based  on  the  follow- 
ing costs: 

Coal $3  per  ton 

Roller  operator 80  ct.  per  hour 

Helper 26  ct.  per  hour 

Teams  for  hauling  coal 35  ct.  per  hour 

The  average  number  of  dciys  operated  per  month  was  24.6,  the  average 
number  of  miles  covered  during  this  time  being  23.6  or  about  0.06  mile  per  day. 

Cost  of  Renewing  Surface  of  Old  Macadam. — Engineering  and  Contracting. 
Nov.  7, 1917,  gives  the  following: 

Most  of  the  suburban  roads  in  the  District  of  Columbia  are  water-bound 
Tnfy^«"Ti  which  have  had  a  surface  treatment  either  of  oil  or  light  tar.  Three 
methods  of  renewing  the  surface  cm  these  old  and  worn  macadam  roads  are 
employed,  depending  upon  the  condition  of  the  road  to  be  repaired. 

When  the  surface  has  been  treated  formerly  with  oil  or  tar  and  is  in  generally 
good  repair,  except  for  a  few  potholes  or  ruts,  these  places  are  patched  with 
a  mixture  of  stone,  of  a  size  corresponding  to  the  depth  of  the  depression,  and  a 
cold  bituminous  material.  This  material  may  be  either  a  tar  of  the  heaviest 
consistency  which  can  be  used  cold,  such  as  Tarvia  K-P  or  Ugite  C ;  or  it  may 
be  an  asphaltic  emulsion  such  as  Headley's  Cold  Patching  Material  No.  1. 
The  largest  sixe  of  stone  possible  is  used,  well  mixed  with  about  1  gal.  of 
bituminous  material  to  each  cubic  foot  of  stone.  The  patches  are  rolled  with 
a  steam  roller  and  covered  with  a  thin  coat  of  stone  chips  to  prevent  adhesion 
to  wheels  while  they  are  still  moist. 

When  the  surface  of  a  macadam  road,  which  has  been  previously  treated 
with  oil  or  tar.  is  very  much  worn  or  rutted,  the  entire  surface  is  loosened  to 
the  depth  of  about  2  in.  with  a  scarifier,  as  much  as  possible  of  the  top  coat 
containing  the  bituminous  material  being  entirely  removed-  The  fine  stone 
may  be  screened  out  of  the  material  which  is  removed  if  it  is  sufficiently 
pulverized,  but  it  is  usually  reserved  for  use  in  repairs  to  little  traveled  roads. 
Sufficient  new  stone  is  then  added  to  restore  the  proper  cross  section  of  the 
road,  and  the  surface  is  brought  to  the  condition  erf  new  water-boimd  maca- 
dam. This  is  opened  to  travel  and  kept  watered  until  the  surface  \a  firm  and 
compact.  It  is  then  swept  clean  of  dust  and  the  new  surface  is  treated  with  the 
bituminous  material  in  the  same  manner  as  a  new  road.  About  >4  gal.  per 
square  yard  of  bituminous  material  (either  oil  or  tar)  is  spread  by  means  of  a 
sprayer,  and  the  surface  is  then  covered  with  stone  chips  or  pea  gravel. 

When  the  surface  is  much  worn  and  it  is  desired  to  renew  it,  viVUn  ^  %\.\«w?, 
new  mufaoe,  the  old  macadam  road  is  scarified  to  a  depXYi  ol  laX^owX  "^  Ssi.  «^^ 
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reshaped  to  a  surface  about  2  in.  below  and  parallel  to  the  finished  surface. 
A  layer  of  2-in.  stone  is  then  added  and  rolled  to  restore  the  cross  section. 
About  IH  gal.  per  square  yard  of  hot  tar  of  heavy  consistency  is  then  applied, 
covered  with  stone  K  in.  to  1  in.  in  size,  and  rolled.  After  this  a  second  coat 
of  tar  of  about  H  gal.  per  square  yard  is  applied  and  covered  with  yi-in. 
stone  chips  and  rolled.  This  is,  of  course,  the  well-known  penetration  method, 
api^ed  to  the  re-surfacing  of  old  roads,  and  its  use  is  advisable  in  cases  where 
the  road  sustains  a  fairly  heavy  traffic  oi  both  horse-drawn  and  motor  vehides 
of  all  classes,  say  from  500  to  1,500  vehicles  in  24  hours  ior  a  roadway  20  ft. 
wide. 

The  cost  of  tfie  above  treatm^its  depends  larg^y  upon  the  condition  of  the 
roads  when  repaired,  and  also  up<m  the  cost  of  labor  and  material  at  the 
particular  location  under  consideration.  In  a  general  way,  in  the  District  of 
Columbia,  the  mixed  bituminous  material  used  in  the  first  method  costs 
from  $1.40  to  $1.50  per  cubic  foot  in  place  in  the  road.  If  it  will  average 
1  in.  deep,  then  it  will  cost  12  to  12)4  cts.  per  square  foot  or  $1.08  to  1.12K  per 
square  yard  of  patch  (not  of  roadway  surface).  This  applies  to  small 
patches.  Larger  patches  would  cost  somewhat  less  per  square  yard.  To  patch 
a  roadway,  2  per  cent  of  whose  surface  required  repair  to  an  average  depth  of 
1  in.,  will  therefore  cost  about  2  cts.  to  2H  cts.  per  square  yard  of  roadway 
surface. 

The  second  method  will  cost  probably  10  cts.  per  square  yard  for  the  pre- 
liminary work  and  from  5  to  6  cts.  per  square  yard  for  the  new  surface  treat- 
ment, or  a  total  of  15  to  16  cts.  per  square  yard  of  roadway  surface. 

The  third  method,  including  the  work  of  scarifying  and  reshaping  and  the 
cost  of  material  and  labor,  will  cost  from  60  to  75  cts.  per  square  yard,  depend- 
ing on  many  and  various  factors. 

The  costs  are  based  on  labor  at  about  80  cts.  per  hour,  teams  at  $5.60  per 
day,  stone  at  10  cts.  per  cubic  foot  at  the  road,  and  bituminous  materials  at 
10  cts.  to  15  cts.  per  gallon  at  the  work. 

Repairing  Ruts  in  Macadam  Roads. — Engineering  and  Contracting,  May  29 
1912,  gives  the  following  method  used  by  the  Road  Commissicmers  of  Alger 
County,  Michigan,  L.  E.  Adams,  County  Road  Engineer,  in  repairing  ruts 
which  had  developed  in  some  of  the  macadam  roads  of  the  county  road  sys- 
tem: The  macadam  was  loosened  with  a  pick  to  the  bottom  ooiHse  of  rock 
and  the  hole  cleaned  out.  Rock  from  IH  to  2H  ins.  was  placed  in  the  hole, 
well  wet  and  tamped  so  that  the  top  was  a  trifie  above  the  level  of  the  sur- 
rounding road.  Screenings  were  then  placed  on  the  rock,  thorougfaly  damp- 
ened and  tamped  with  a  25-lb.  iron  rammer.  The  ruts  on  about  3H  miles 
of  road  were  repaired  in  this  way  at  a  cost  of  $60  per  mile.  Screenings  and 
rock  were  delivered  in  cars  on  spurs  near  the  work  for  10  cts.  per  cu.  yd.,  and 
were  hauled  in  wagons  and  deposited  along  the  side  of  the  road  where  needed. 
The  average  haul  was  one  mile.  Team  and  driver  cost  $4.50,  foreman  $2.50 
and  labor  $2  per  day. 

Cost  of  Maintenance  of  Macadam  with  Roller  and  Scarifier. — George  £. 
Martin  gives  the  following  matter  in  Engineering  Record,  Nov.  4, 1916. 

Putnam  County,  Indiana,  has  a  very  large  mileage  of  macadam  roads. 
Many  of  these  roads  were  built  with  but  little  attention  to  grades  or  drainage. 
Greencastle,  the  county  seat,  is  in  the  center  of  a  region  producing  a  good 
grade  of  road-building  limestone,  and  comparativ^y  Jarge  amounts  of  stone 
have  been  placed  on  the  roads  of  the  vicinity. 

The  county,  in  1915,  purchased  a  steam  roller  with  a  scarifier  attached  to  It. 
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(8  outfit  hms  been  uaed  to  dress  up  the  roads  at  the  following  costH  for 
:ration: 

Total  Coal 

cost  cost  Miles         Days  Cost 

per  per  oper-         opcr-  per 

day  day  ated  ated  mile 

ky $6.56  11.23  16.75        23.6  $0.24 

oe 6.69  1.54  10.50        25  8.66 

ly 7.25  1.35  27.75         25  6.84 

iguat 6.43  1.85  30.25  .     25  5.36 

renge 6.73  1.49  23.56         24.65  7.50 

The  costs  are  based  on  coal  at  $3  per  ton;  wages  of  roller  operator,  30  cents 
«r  hour;  wages  of  helper,  25  cents  per  hour;  and  teams  for  hauling  coal,  35 
cents  per  hour. 

The  roads  were  about  12  ft.  wide.  In  most  cases  they  we're  both  graded  and 
rolled  at  this  cost.  About  50  per  cent  of  the  mileage  was  scarified  and  12 
miles  were  rolled  only. 

The  work  was  done  under  the  direction  of  Alva  E.  Lisby,  Putnam  County 
road  superintendent,  who  collected  the  data  quoted. 

Maintensnce  Cost  of  Water  Bound  Macadam  at  Hartford,  Conn. — Interest- 
ing data  on  the  maintenance  of  waterbound  macadam  streets  at  Hartford, 
Conn.,  were  given  by  Leon  F.  Peck,  Superintendent  of  Streets  of  that  city,  in  a 
lecture  delivered  Jan.  9,  1920  before  the  post-graduate  students  in  civil 
engineering  at  Yale  University.  The  matter  following  is  abstracted  from  the 
address  in  Engineering  and  Contracting,  Feb.  4,  1920. 

Waterbound  macadam  comprises  73  per  cent  of  the  streets  of  all  kinds, 

payed  and  unpaved,  in  the  city  of  Hartford.    The  macadam  maintained  over 

the  10  fiscal  years  1907  to  1016,  inclusive,  averaged  97  miles  per  year.     In 

area  this  amounted  to  1.321,000  sq.  yd.  per  year.     Probably  50  per  cent  of 

of  these  streets  have  been  macadamized  more  than  20  years.    Over  nioiit  of 

this  10-year  period,  labor  cost  25  ct.  per  hour,  and  a  team  with  driver  62 >2  ct. 

per  hour. 

Per  sq.  yd. 
per  year 
Average  cost  for  the  10  years  of  maintenance,  including  restoration 

or  renewals $0.0343 

Cost  of  depreciation  at  10  per  cent  and  interest  at  4H  per  cent  on 

$13,400  worth  of  equipment 0.0015 

Total,  including  depreciation  and  interest,  averaged  over  the 

entire  macadam  area $0. 0358 

The  average  annual  cost,  not  including  interest  and  depreciation  for  tlie 
first  three  years  of  this  10-year  period,  was  $0.0340  per  square  yard,  for  the 
middle  four  years  $0.0365  per  square  yard,  and  for  tlie  la.st  three  years  $0.03 17 
per  square  yard. 

Thus  it  is  seen  that  the  direct  cost  of  maintenance  did  not  increase  during 
the  10  years  notwithstanding  the  great  increase  in  the  number  of  motor 
vehicles. 

During  the  next  three  years  the  cast  of  labor,  teams  and  rnaterialn  increased 
until  the  rates  for  the  fiscal  year  ending  March  31,  1019.  8tood  as  follows: 

Labor.  37M  ct.  per  hour,  an  increase  of  50  per  cent. 

Teams  with  drivers.  87 >2  ct.  per  hour,  an  increase  of  40  per  cent. 

Repair  materials  increased  about  40  per  cent. 

The  actual  cost  /or  thai  year  of  maintaining  107  mWesot  n\\wc;^;>ir[VQT  \AV^<- 
000  SQ.  yd.  was  $0.0551  per  square  yard,  an  increase  ol  GV,>  y>^i  cv;wX  iivvi\  Wife 
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ayerage  for  the  lO-year  i)eriod.  This  percentage  of  increase  is  in  excess  of 
that  for  labor  and  materials.  It  is  beUeved  that  the  excess  is  entirely  due  to 
the  fact  that  war  restrictions  prevented  the  securing  of  the  customary  amount 
of  asphaltic  road  oil^  thus  the  usual  maintenance  benefit  of  the  oil  was  lost. 
Taking  the  present  cost  of  new  macadam  at  Hartford,  which  is  99  cts.  per 
square  yard  and  distributing  it  over  a  period  of  years  long  enough  to  bring  in 
the  average  maintenance  costs,  say  20  years,  then  the  ultimate  cost  can  be 
determined  as  follows: 

Interest  at  4K  per  cent  on  first  cost  for  20  years  »  $0,045  X  $0.99  X 
20,  per  sq.  yd ., $0.8910 

Sinking  fund  to  repay  original  outlay  at  end  of  20  years,  compounded 

annually  at  4  per  cent  =»  $0.03358  X  $0.99  X  20 6649 

Present  annual  cost  of  maintenance  including  depreciation  and  interest, 

$0.0566  per  square  yard,  for  20  years.     $0.0566  X  20  » '. 1 .  1320 

Ultimate  cost  per  square  yard  for  20  years $2. 6879 

Ultimate  cost  of  Hartford's  macadam  per  square  yard  per  yeai 0 .  1344 

Rate  of  Scanfjring  Macadam  Road  with  "Allen*'  Scarifier. — In  a  paper, 
presented  at  the  1918  annual  conference  of  Ontario  Road  Superintendents.. 
R.  Crawford  Muir  described  the  reconstruction  of  Dundas  Street,  the  chief 
means  of  access  to  Toronto. 

The  old  road  was  scarified  4  to  6  in.  deep  for  its  full  length  and  width,  and 
the  loose  stones  were  drawn  to  the  sides  to  form  the  shoulders,  thus  reducing 
the  crown  necessary  for  the  new  surface. 

The  type  of  scarifier  used  was  the  "  Allen"  attached  to  the  side  of  the  roller. 
This  scarifier  consisted  of  2  picks  or  teeth  and  was  capable  of  picking  up  800 
to  1,200  sq.  yd.  a  day. 

Estimating  Gravel  Road  Material  Quantities  and  Cost  of  HaaUag. — 
Engineering  and  Contracting,  Jan.  5,  1916,  publishes  the  following  extract 
from  Iowa  State  Highway  Commission  Service  Bulletin  December,  1916. 

Tablb  XI. — Number  op  Linear  Feet  op  9-Ft.  Road  a  Load  op  a  Given  Smb 
Should  Cover  por  Various  Loose  Depths 

Weight  of  load 

Lime-  Size 

Granite,        stone,         of  load,    Length  spread  for  loose  depth  in  inches 

lb.  lb.  cu.  yd.  3-in.  4-in.  5-in.  6-in. 

2,800  2,500  1  12  ft.  9        ft.  7.2  ft.  6      ft. 

3,500  2.125  IH  15  ft.  11.25  ft.  9      ft.  7.5  ft. 

4,200  3.750  IH  18  ft.  13.6    ft.  10.8  ft.  9      ft. 

4,900  4,375  IH  21ft.  15.75  ft.  12.6  ft.  10.5  ft. 

5,600  5.000  2  24  ft.  18        ft.  14.4  ft.  12      ft. 

6.300  5,625  2K  27  ft.  20.25  ft.  16.2  ft.  13.5  ft. 

7,000  6,250  2H  30  ft.  22.5    ft.  18      ft.  15      ft. 

7.700  6,875  2H  33  ft.  24.75  ft.  19.8  ft.  16.5  ft. 

8,400  7,500  3  36  ft.  27        ft.  21.6  ft.  18      ft. 

Table  XII. — Number  op  Cubic  Yards  op  Material  Per  Mile  to  Makb 
Given  Loose  Depth  por  Various  WmTHs  op  Road 

Width   of   surfacing 

Depth  of  loose  material  in  9-ft.        14-ft.        15-ft.        16-ft.       18-ft. 

inches  cu.  yd.     cu.  yd.     cu.  yd.     cu.  yd.     cu.  yd. 

IH-in.  screenings) 180  280  300'  325  367 

3-in 440  684  733  782  880 

4-in 587  913  979  1,043  1,174 

5-in 734  1,141  1,222  1,304  1,468 

6-in. 880  1,369  1.466  1.565  1,760 

Square  yards  of  surface  per  mile . .  5 ,  280  8,213  8 ,  800  9 ,  887  10 ,  560 
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Knowing  the  eort  of  gravel  in  any  ooinmunlty  the  oo8l  of  the  material  for  ito 
Toad  can  be  easily  detennined.  Tlie  cost  of  hauling  the  gravel  varies  also 
between  rather  wide  limits  but  the  following  may  be  considered  as  average 
prices  where  teams  cost  forty  cents  per  hour  and  iK^iere  ordinary  earth  roads 
are  hauled  over: 

Tablb  III. — AvEBAoa  Cost  roa  Hauunq  Qbavbl  Basbd  40  ors.  an  Houb  fob 

Tbams 

Ck»t.  ots. 
Length  of  average  haul  per  cu.  yd. 

One-quarter  mile ' 21 

One-half  mile 28 

One  mile 40 

Two  miles 63 

Three  miles 86 

Motor  Truck,  Scarifier  aad  Road  Graders  on  Gravel  Road  Maintenanca. — 
Thomas  H.  Edwards  gives  the  following  data  in  Engineering  Record,  July  15, 
1016: 

Montgomery  County,  Ala.,  has  650  miles  of  public  roads,  450  miles  of  which 
are  of  gravel.  In  1914,  in  order  properly  to  maintain  them,  the  County  Board 
of  Revenue  decided  to  motorize  the  madntenanoe  work.  Material  economies 
have  been  effected.  One  truck,  it  has  been  found,  takes  the  place  of  from  16 
to  20  mules  for  pulling  a  scarifier.  The  five  trucks  now  in  use  make  it  possible 
to  scrape  practically  the  entire  system  ^ter  each  rain,  each  truck  pulling 
three  road  machines  and  being  able  to  make  30  miles  a  day.  A  great  saving 
has  been  accomplished  in  the  hauling  of  the  graveL  Four  trailers  are  pro- 
vided for  each  truck  for  this  purpose. 

Scarifying. — The  use  of  the  motor  truck  has  made  scarifying  a  comparatively 
easy  matter.  As  previously  stated,  where  formerly  from  16  to  20  mules  were 
required  to  pull  the  scarifier,  one  of  the  trucks  now  accomplishes  the  work  with 
ease. 

Recently  there  has  been  completed  6  miles  of  scarifying  and  reshaping  at  a 
cost  of  824  per  mile.  This  includes  rebinding.  The  writer  understands  that 
in  a  neighboring  county  a  contractor  bid  as  much  as  $400  per  mile  for  similar 
work.    The  detailed  costs  follow: 

Costs  of  Scabiftino  6-Milb  Road 

Gasoline  for  truck,  146  gal.,  at  25o $  36. 50 

Oil  for  truck,  35  gal.,  at  56c 19. 60 

Laborers'  time.  31.5  days,  at  $1 31 .  50 

Engineer's  wages.  7  days,  at  83 21 .  00 

Foreman's  wages.  7  days  at  83 21 .  00 

Total  cost  of  scarifying 8129. 60 

Cost  per  mile 21 .  60 

Cost  of  shaping  6  miles  with  truck  followed  by  road  ma- 
chine   14.78 

Cost  of  shaping  per  mile 2 .  46 

Total  cost,  per  mile,  of  finished  road 8  24 .  06 

It  is  very  important,  in  the  maintenance  of  gravel  roads,  to  scrape  them  after 
eadi  rain.  With  the  five  trucks  now  in  use  it  is  possible  to  cover  practically 
the  entire  system  before  the  roads  become  too  dry  to  accomplish  any  good. 

With  the  truck  we  are  in  position  to  completely  scrape  30  miles  of  road  per 
day.    To  do  this  there  is  hung  to  each  truck  a  fleet  ol  thxee  iq«A  ii\^X\\i\»ft. 
A  jound  trip  completes  the  road. 
08 
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The  cost  per  mile  of  this  <da8s  of  work  to  about  50  cents.  The  cost  for  tbe  30 
miles  is: 

Truck  dnver $  3.00 

Laborers,  3  at  $1 3.00 

Foreman 3.00 

Gasoline,  20  gal.  at  25  ct 5. 00 

OU,  2  gal.  at  60  ct 1.00 

Total  for  30  miles  at  50  ot $15.00 

The  lepladng  of  chains,  repairs  to  trucks,  etc.,  necessary  to  truck  upkeep 
cost  about  $400  per  year. 

Havling  Oravd, — In  connection  with  each  truck  there  are  four  Troy  reveisi- 
ble  3-yd.  trailers.  While  the  truck  and  two  of  the  trailers  are  at  the  dump  the 
other  two  trailers  are  being  loaded.  Therefore  only  about  ten  minutes  are 
lost  per  trip,  this  being  consumed  in  loading  the  truck. 

By  this  method  of  hauling,  it  has  been  possible  to  place  gravel  on  the  roads 
for  from  7  to  1 1  cents  per  yard-mile,  as  against  from  30  to  40  cents  for  mule 
haul,  and  includes  spreading  the  material  on  the  road. 

-  With  an  increase  of  late  in  the  price  of  gasoline  from  1 1  to  25  cents  per  gallon 
it  has  been  possible  to  keep  the  costs  per  yard-mile  around  10  or  11  cents. 

The  imit  costs  of  operating  one  of  the  trucks  for  hauling  gravel  during  a 
week,  shows  a  gasoline  consumption  of  about  35  gal.  per  day.  This  is  from  10 
to  12  gal.  more  than  the  truck  uses  on  the  average  haul,  due  to  very  long  12-per 
cent  grades  on  the  particular  road  traveled. 

The  first  truck,  a  White  6-cylinder,  latest  type  road  truck  was  purchased  in 
the  latter  part  of  1914.  It  proved  such  an  economy  to  the  county  that  four 
others  were  purchased,  together  with  trailers  and  equipment.  All  of  the 
trucks  are  of  5-ton  capacity. 

Cost  of  Boulevard  Oiling  in  Kansas  City,  Mo. — C.  W.  Redpatii  gives  the 
following  data  in  Engineering  and  Contracting,  Nov.  20,  1912. 

Approximately  50  miles  of  macadam  roadways  are  oiled  tiMce  a  year  by 
the  Park  Board  of  Kansas  City.  The  method  of  oiling  employed  has  been 
very  successful  and  economical. 

Nearly  the  entire  boulevard  system  is  of  12-in.  macadam,  constructed  of 
native  limestone,  which  is  used  both  for  base  and  wearing  surface.  The  roads 
have  been  carefully  constructed,  have  a  12-in.  crown  on  a  40-ft.  roadway,  and 
have  excellent  drainage. 

The  conditions  for  oiling  are  as  follows: 

(a)  Before  oiling,  such  repair  work  as  Is  necessary  should  be  done  on  the 
roadway,  as  the  oil  fprms  a  cushion  over  the  patch  and  protects  it 
from  raveling. 

(b)  The  road  surface  should  be  haid  and  dean  and  all  loose  material 
removed. 

(c)  The  road  surface  should  be  dry. 

(d)  Only  one-half  of  the  roadway  should  be  oiled  at  a  time,  if  for  no  other 
reason  than  a  protection  and  courtesy  to  the  public. 

(c)  The  weather  should  be  warm,  with  no  prospects  of  rain,  as  rain  on  a 
freshly  oiled  surface  will  wash  away  much  of  the  oil,  sometimes  completely 
ruining  the  job. 

The  oil  used  is  a  residuum  of  Kansas  oils,  whidi  has  an  average  spedflc 
gravity  of  93  at  60*  F.  and  which  must  register  19  to  21'*  B.  by  high  grade 
hydrometer.    The  oil  \p '"-''  *-»  tank  cars  from  the  Standard  Oil  CJo.  and 
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pimiped  Into  tivosfteelraodTingtaiilaof  8,000  gab.  capad^ 

bested  by  ataemooOs  and  diaohaiged  by  gravity  into  dittrlbuting  tanka. 

The  cost  of  the  oil  thiayeart  Including  frali^t.  was  about  %yi  cU.  pergalkm. 
It  waa  chaiged  out  at  2H  eta.  per  gallon,  the  diffevnioe  bdng  the  approslmate 
coat  of  operating  the  diatributing  atatloo. 

The  oil  iadiatiibuted  by  ateel  tank  wagona,  of  about  600  gala,  capacity.  To 
the  back  of  each  wagon  la  attadied  a  alieet  iron  trough  Into  which  the  oil  la 
dlachaiged  by  three  2-in.  Talvea,  flowing  evenly  upon  the  roadway  through 
small  holea  in  the  bottom  of  the  trough. 

On  aU  ptevloualy  oileci  roadways,  with  wlildi  tlda  artide  deak.  a  smooth  oa 
cuahion  baa  been  built  up.  Thia  auif  aoe  la  thotoui^  awept  with  a  rotary 
atreet  broom,  preparatory  to  diatributing  the  oiL  The  oil  la  dlatrlbuted 
Uf^itly  from  the  tank  wagon  upon  the  roadway,  and  the  tank  ia  immediately 
followed  by  the  rotary  atreet  broom,  whksfa  apreada  the  oil  over  the  auifaee 
inathlnevMicoat.  Two  to  four  men  with  hand  brooma  are  neoeaaarytoJnep 
the  oil  from  numing  into  gutters,  and  to  apread  oil  on  uneven  plaoea  In 
roadway,  and  at  Intemctiona  with  atreeta. 

The  oiled  auiftee  la  then  covered  with  a  thin  ooat  of  Mmiwtonft  duat,  the 
finest  product  of  the  crusher.  Thia  la  apread  from  the  rear  of  an  ordinary 
wagon  by  two  men  working  from  the  ground  with  No.  2  acoop  shovels.  The 
dust  ooat  first  protects  vehides  and  pedestrians  from  the  dangerous  and  nasty 
oiled  suxfaoe,  and  after  a  few  days  under  traflic  forms  with  the.oil  a  cushioo 
surface. 


Tabu  XIII. 
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Benton  Blvd. 
65,010  sq.  yds. 
Hrs.  Per  eq.  yd. 


Foreman  ••••••••.... 

Man-his.  on  brooms. . 
M  a  n-h  r  s.  spreading 

dust 

Man-bn.  oil  wacom. . 
Man-hrs.  extra  water, 

etc 

Team-hrs.  on  dost. . . . 
Team-hn.  on  broom. . 
Team-hrs.  oil  wasoos.. 

Cost  of  delays 

Oil.  at  2H  ots.  per  gal.  3.590* 
DujBt.  at  30  ots.  per  ou. 

yd 64t 


89H 
19H 

28H 
77 

21H 
31 


.00026 
.00011 

.00040 
.00009 


Paaeo. 
51.200  sq.  yds. 
Hrs.  Per  eq.  yd. 

26      $0.000159 
86  .000419 


Qillham  Road 

19,920  sq.  3rd8. 

Hra.  Per  sq.  yd. 

8   30.00018 
24     .00031 


122 
26 


.00011 
.0007 
.00019 
.00029 

.00005  

.00163  4.828* 

.00029    54t 


39 

75H 

27 

34 


000595 
000127 

000190 

,000737 

000263 

.000332 

000062 

.002367 


39 
8 

15 

37H 
8 
14 


356* 
000316  24t 


.00048 
.00010 

.00019 
.00094 
.00010 
.00085 
.00010 
.00170 

.00036 


30.005567 


$0.00412 
*  Gallons,     f  Cu.  yds. 
Average  haul  miles 

Dust 2.  2.6 

Oa 1.75         1.0 

Rates  of  wages — Foreman $2. 

Labor 0. 


$0.00476 


50  per  day 
25  per  hr. 


1.0 
2.0 


Teams 0. 50  per  hr. 


The  oiling  crew  usually  consists  of  one  foreman  at  $2.50  per  day,  two  to  four 
men  hand  brooming  oil,  four  men  spreading  dust,  one  man  spreading  oil,  one 
extra  man,  two  oil  tank  teams,  two  to  four  teams  hauling  and  distributing 
dust.    All  labor  is  paid  at  the  rate  of  25  cts.  per  hour,  but  teaxoA  \xtf^\ii^^s^b 
drireiv  si  the  nte  d  SO  cts.  per  hour. 


916  HANDBOOK  OP  CONSTRUCTION  COST 

Daily  r^Knta  ore  made  out  by  the  loreman:  from  theae  repotU  Table  XIH 
has  b«en  compiled.  Thla  table  is  for  three  boulevaida  which  lepreaeDt  STsr- 
ase  condltloDa  whea  haul  cd  materials  la  taken  lato  account. 

Under  ordinary  ciiCiuoBtances,  the  ooet  per  square  yard  for  oiling  on  The 
Paseo  Bhould  be  between  1.004  and  I.OOS,  but  on  this  boulevard  there  ma 
S,ZSO  sq.  yds.  of  new  roadvaf.  which  requires  much  more  oU  and  lattor  than 
the  old  cuahlon  surface.  There  are  also  4,9BS  sq.  yds.  of  this  boulevard  used 
aa  a  traffic  way.  on  which  the  travel  Is  exceptionally  heavy,  so  that  more  labor 
Is  required  In  cleaning  same,  and  a  thick  coat  of  oil  and  dust  is  required. 

Cost  ol  ApplyiDE  K«Blait!dnc  Oil  in  CaiUsla,  Pa.^ohn  C.  Hlteshem  gives 
tlie  following  data  In  Engineering  and  Contracting,  June  Q.  IBIS. 

In  19U  EmiilBifyhig  Oil  was  selected  because  of  its  previous  mcceaa.  It 
had  very  Utile  odor  and  after  a  few  hours  dried  suOcdently  not  to  track  onto 
the  aidewalka.     Also  the  price  played  a.  large  part  in  the  selection. 

TIlB  manner  of  applying  the  oil  was  as  follows :  An  overhead  sMIng  was  used 
from  which  the  oil  was  run  from  tuds  car  to  sprinkler  by  gravity.  An  oidiii- 
ary  water  sprinkler  of  SOO  gals,  capacity  was  used,  and  Dlled  about  one-half 
full,  the  sprinkler  was  then  taken  to  the  block  to  be  oiled  and  the  other  half 
Blled  with  water  at  the  nearest  fiie  plug.  The  oil  and  water  were  the 
tborougbly  mixed  with  a  hoe,  but  later  on  it  was  found  that  time  was  saved 
and  as  perfect  a  nliiture  was  secured  by  placing  the  base  connected  with 
the  flre  plug  in  the  bottom  of  the  sprinkler  and  turning  on  full  preasuie  of  ths 
water,  which  would  then  literally  "boil  up"  and  thoroughly  emulstty. 

The  sprinkler  distributed  the  oil  so  miiformly  that  no  brooming  was  required 
after  oiling.  The  streets  were  lightly  swept  before  oUiog  In  order  to  clean 
them  but  to  leave  sufBclent  dust  for  the  oil  to  take  hold  or  penetrate. 

The  cost  of  oiling  Bpproiimately  160.000  sq.  yda.ot  34  blocks,  or  eight  milea 
of  street  averaging  45  ft.  In  width,  giving  the  whole  two  applications,  was  aa 

Materials— 

aS.SOQ  gals.  emulsKying  oil  at  .0446ota tl.lSa.ai 

DemutTBie 18,00 

Total «,1B8.31 

"n.  at  20  Ola »         1.00 

.  at  IB  Ota 10,40 

.at  iScti 14. SE 

at  lOct* .50 

a.  at  IficU 15.48 

,  at  lOcU a. 60 

days  at  »1.00 21 .00 

aye  at  M.BO 0.00 

»      74.40 

ilal 11,272.7! 

re  yard lO.OOS 

iphaltlc  Oil  Surface  Treatment  at  Portland,  He. — During  the 
2  an  area  of  39,066  sq.  yds.  of  macadam  at  Portland,  Me.,  was 
ice  treatment  with  aspbaltoilene.  The  foilowing  costs  on  thia 
in  Engineering  and  Contracting,  Oct,  1,  1913,  were  rearranged 
lual  report  of  the  Commissioner  of  Public  Works.  The  asphait- 
■i  cts.  per  gallon.     Labor  was  t2  per  O-hour  day,  and  team  and 
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Job 

Cloning  and 

AjBphalt> 

Total  coat 

Gala,  per 

No. 

application 

Sanding 

oilene 

per  sq.  yd. 

sq.  yd. 

5 

$0,008 

$0,003 

$0,019 

$0,030 

0.26 

7 

.004 

.005 

.025 

.034 

.33 

1 

.010 

.002 

.027 

.039 

.86 

2 

.006 

.005 

.029 

.040 

.39 

8 

.006 

.004 

.030 

.040 

.40 

4 

.013 

.003 

.031 

.047 

.41 

6 

.018 

.006 

.031 

.050 

.41 

3 

.018 

.006 

.048 

.071 

.64 

'    Coat  oi  Tarvia  Treatment  at  Queen  Victoria,  Niagara  Falls,  Park  Syatem 

(Encineering  and  Contracting,  Deo.  5.  1917). 

About  28,000  sq.  yd.  of  the  Niagara  River  Bouleriurd  in  the  Queen  Victoria 

Niagara  Falls  Park  System.  Ontario,  were  given  a  surface  treatment  with 

tarvia  A  in  September.  1916.    The  cost  of  the  work  was  6.6  ct.  per  square 

yard,  according  to  the  annual  report  of  the  Park  Conunission.    The  average 

haul  was  IH  miieat  and  the  surface  treated  was  18  ft.  wide  and  14.000  ft.  long. 

About  H  gal.  of  tarvia  was  applied  per  square  yard  of  surface.     The  detailed 

cost  of  treatment  was  as  follows: 

Cta. 
Labor  per  aq.  yd. 

Teaming,  >^-in.  stone 0. 69 

T.«oading  ana  spreading  stone .56 

Sweeping  and  bnuhtng  roadway .10 

Heatmg  tarvia .40 

Distributing  and  rolling .10 

Miscellaneous .09 


^, 


Total  Ubor 1.94 

Materials: 

-in.  stone  chips.  348  tons  at  $1.10 « 1 .  37 

'arvia  A.  6.600 gal.  at  10  ctn 2.32 

Freight.  $116;  car  service,  $19 .48 

CoaT  19.7  tons  at  $7 .49 

Total  materials 4 .  66 

Grand  total 6.60 

Teams  were  paid  for  at  rate  of  46  cts.  per  hour;  laborers  received  20  cts.  per 
hour  and  foremen  30  cts.  i>er  hour. 

Cost  of  Asphalt  Macadam  Construction  with  Telford  Base  at  Carlisle,  Pa. — 
C.  A.  Bingham  gives jthe  following  data  in  Engineering  and  Contracting.  Dec. 
20,  1911. 

During  the  season  of  1911  the  Street  Department  of  Carlisle,  Pa.,  under  the 
direction  of  the  writer  constructed  about  10,000  sq.  yd.s.  of  asphaltic  macadam, 
of  which  6,129  sq.  yds.  was  on  new  work  with  a  telford  base  and  3,529  yds. 
was  on  an  8-in.  resurfacing  on  old  macadam. 

The  grading  for  the  new  work  was  considerable,  one  grade  being  reduced 
from  6  per  cent  to  2.40  per  cent.  necesHitating  cuts  up  to  7  ft.  fur  the  full  width 
of  the  60-ft.  street.  This  work  was  done  by  heavy  plowing  by  double  teams 
or  power  and  hauling  in  dump  wagons  to  fill  adjacent  streets.  The  grading 
force  averaged  eight  men  and  4, 160  cu.  yds.  was  cut  at  a  cost  of  32  cts.  a  yard 
as  shown  in  the  table  following. 

Simultaneously  another  gung  of  about  eight  men  quarried  4,426  perch  of 
limestone  (a  perch  is  26  cu.  ft.  in  this  locality)  at  one  of  the  tovitv  (\\i^\\v^i;^'v\K.^x 
by.     This  cost  31  cta.  a  perch,  not  including  stripping  ol  cVay  v.\\\cX\>;«kS»  tSkSsaft 
in  opening  a  new  street.     The  average  rate  was  7  percb  pvit  tcvwu  <\>a.^'  ^xv^ss« 
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breast  work.    Only  four  perch  was  obtained  from  a  pound  of  dynamite  on 
account  of  much  blistering. 

The  rock  was  then  crushed  by  the  department  crusher  into  bins  and  hauled 
to  this  and  other  jobs.  The  crusher  had  a  10  X  22  opening  and  was  portable 
and  low  setting.  Sufficient  power  could  not  be  produced  by  a  13-ton  roller 
so  a  16  H.  P.  traction  engine  was  leased.  Three  men  loaded  three  carts  on  a 
400-ft.  haul  and  three  men  fed  the  crusher  and  one  man  operated  bins.  The 
average  amount  crushed  was  86  perch  in  ten  hours  and  the  cost  was  27  cts.  a 
perch.     Coal  was  purchased  by  carload  and  a  half  ton  per  day  was  used. 

Owing  to  a  large  amount  of  necessary  work  in  other  sections  the  laying  of 
telford  was  given  to  a  contractor  whose  quarry  and  plant  was  on  the  street 
and  who  could  bid  even  with  the  department  and  yet  make  considerable  profit. 
All  other  work  was  done  by  the  municipal  forces. 

Prior  to  laying  the  telford  the  entire  subgrade  was  trimmed  to  crown  and 
contour  and  rblled  thoroughly  by  a  13-ton  three-wheel  roller.  At  the  same 
time  the  banks  in  deep  cuts  were  sloped  back  to  the  building  lines  which  will 
account  for  the  large  cost  of  11  cts.  per  sq.  yd.  for  trimming.  The  telford 
stones  were  broken  about  8  ins.  in  height  and  were  laid  very  dose  and  well 
keyed  with  stone  wedges.  The  average  amount  laid  was  40  sq.  yds.  per  man 
In  10  hours.  After  a  stretch  of  300  ft.  (36  ft.  between  curbs)  was  ready  it  was 
rolled  in  a  day  by  the  large  roller  which  crushed  off  projecting  comers  and 
imbedded  the  stones  until  the  telford  was  6  ins.  above  subgrade  as  called  for. 
About  4  ins.  of  IH  to  2K-in.  stone  was  then  spread  over  by  a  spreading  wagon 
and  when  rolled  into  the  interstices  of  the  base  there  remained  room  for  2  to  3 
Ins.,  loose,  of  ^  to  IH-in.  stone.  This  top  course  was  only  rolled  two  or  three 
times  to  smooth  it  up  and  no  screenings  were  allowed. 

The  representatives  of  the  asphalt  company  claimed  that  the  top  stone 
should  be  about  2H  ins.  fh  size,  but  upon  experiment  it  was  found  that  this  size 
required  nearly  50  per  cent  more  asphalt  and  produced  only  slightly  better 
penetration  and  gave  more  danger  of  a  flat  stone  tilting  up.  It  was  also 
claimed  that  no  rolling  whatsoever  on  the  top  course  should  precede  the  pour- 
ing but  it  was  found  that  undulations  would  then  not  be  found  until  too  late 
for  correction  except  at'considerable  cost. 

The  force  used  on  the  asphalt  work  was  only  five  men.  One  man  attended 
the  wood  fires,  two  men  carried  the  hot  asphalt  and  one  man  poured.  The 
fifth  man  spread  screenings,  leveled  stcmc^  ahead  of  pouring  and  on  close  work 
helped  to  pour.  Fires  were  started  at  sunrise  and  x>Quring  commenced  at 
7  A.  M.  The  gang  took  very  little  time  for  lunch  and  at  night  always  filled 
the  kettles  with  fresh  asphalt  for  the  next  day's  work. 

The  kettles  used  were  two  caldrons  on  tripods  holding  nearly  a  barrel  apiece 
and  one  150-gal.  asphalt  heating  tank  on  wheels.  With  this  meagre  outfit  an 
average  of  over  400  sq.  yds.  a  day  was  maintained.  During  the  hot  weather 
the  barrels  were  suspended  on  trestles  over  the  caldrons  and  set  directly  on 
the  large  kettle  and  thus  emptied  by  gravity,  but  as  the  weather  grew  cooler 
this  was  too  slow  a  process  and  the  barrels  were  broken  apart  and  the  aq>halt 
cut  up  in  chunks.  This  of  course  could  not  be  done  In  warm  weather.  It  was 
found  that  with  the  time  gained  and  by  the  burning  of  the  broken  barrels  that 
more  money  was  saved  than  by  the  slow  method  and  the  buying  of  fuel  wood 
and  returning  the  barrels.  The  barrels  which  had  been  drained  in  warm 
weather  were  well  cleaned,  when  it  became  cooler  by  jarring  the  asphalt  loose 
which  had  clung  to  the  inside. 

The  only  fault  found  with  the  material  was  the  foreign  matter  contained  In 
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he  btmto;  fometlmes  a  quart  of  iMlnt  or  a  dipperful  of  sticks  would  be  found 
i  one  barrel  which  sometimes  dogged  the  yaive  of  the  barrel  and  oooe  caused 
«lBaksi0B  of  half  a  barrel,  and  necessitated  a  oonstant  deanlng  of  the  can  QKHits. 

Hie  aiphalt  was  of  natural  lake  origin  and  was  heated  to  360^  F.  so  that  It 
tpodd  rsadi  the  road  at  nearly  350<*  F.  The  weather  tempeiaturs  was  from 
aO  to  98*  F.  The  shipments  of  asphalt  were  so  delayed  that  some  extra  work 
on  an  appnadh  had  to  be  completed  when  the  temperature  was  down  to  40*. 

The  asphalt  was  all  poured  by  hand  and  was  carried  in  large  buckets  and 
poured  faito  the  q>reading  can  which  had  a  fan-shaped  spout  4  ins.  wide  and  a 
H-in-  opening.  A  good  2-in.  penetration  was  secured  with  IH  gal.  to  the 
square  yard  by  heating  to  a  high  temperature  and  having  the  stone  dean  and 
wann.  Screenings  from  K-in.  down  were  then  spread  over  a  depth  of  about 
H  in-  and  the  surface  thoroughly  rolled  with  a  6-ton  tandem  roller  until  the 
road  was  solid  and  set.  At  first  a  board  was  placed  along  the  concrete  curbs 
to  protect  them  f rmn  qdashings  of  asphalt,  but  after  a  little  practice  the  men 
oooM  spread  along  the  curb  without  the  board.  The  asphalt  cost  10  cts.  per 
Bii.  yd.  and  applying  cost  6  cts.  per  sq.  yd.  It  is  hoped  that  next  spring  an 
appropiiatiott  will  be  made  to  dean  oif  the  screenings  with  a  horse  sweeper  and 
place  a  seal  ooat  over  the  entire  street. 

The  xesuifMMd  section  was  done  in  two  layers,  eadi  of  about  6  ins.  loose 
which  rolled  to  4  ins.  making  the  completed  work  average  8  ins.  Every  30ft. 
cross  stakes  were  set  6  ft.  apart  to  correct  crown  and  the  road  metal  was 
placed  about  25  per  cent  higher  than  the  required  depth  to  allow  for  compres- 
sion.  Svery  load  of  stone  was  dumped  a  few  feet  away  from  the  desirBd  loca- 
tfoD  and  thso  shoveled  back  to  place  ao  that  no  solid  cores  would  be  formed. 
This  gave  a  smoother  surface  even  on  the  resurface  work  than  was  produced 
by  q>raading  wagons  on  the  tdford  section.  The  stone  for  resurfacing  was 
IH  to  2H  Ins.  except  top  course  of  3  iiis.  Goose),  which  was  ^  tolH  ins.  The 
resurfadng  cost  24  cts.  per  sq.  yd.  This  section  was  rolled  and  asphalted 
similar  to  the  telf  ord  section. 

In  the  following  cost  table  data  are  given  on  a  section  of  water-bound 
macadam  which  was  placed  at  the  end  of  the  asphalt  work  and  will  make  good 
comparison.  It  will  be  noted  that  no  sprinkling  cost  is  given,  the  reason  being 
that  the  department  sprinklers  are  operated  by  fire  department  horses  and  the 
water  is  also  free  because  of  semi-munidpal  ownership.  As  an  macadam 
strsets  here  are  thoroughly  wet  until  waves  run  ahead  of  the  roller  the  sprink- 
ling item  if  paid  for  would  bring  the  water-bound  macadam  up  to  87  ets.  a 
yard.  In  other  words,  we  construct  an  asphalt  macadam  for  8  cts.  per  yard 
additional  over  a  water-bound  macadam,  or  for  the  amount  spent  in  annual 
repairs  for  two  years  on  the  inferior  road  we  can  build  it  right  and  enjoy  a 
psifect  road  for  many  times  that  period. 

The  detailed  cost  of  constructing  the  asphalt  macadam  was  as  follows: 


QuABBTiNQ  Stonb  (4.425  Pxbch) 

Rate,  Per 

cU.  perch 

Ubor,  6,938  hours 17  80 .  2663 

Dynamite.  1.035  lbs 14  .0327 

Fuse.  2.975  ft H  .  0033 

Gene,  2,000 9-10  .0040 

Blacksmith 0080 

Tdtal  (qumrrying) ¥^,tW^ 
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Cbusrinq  Stonb  (4,425  Pebch)  . 

Rate,  Per 

ctfl.  perch 

Foreman,  26  hours : . . .         20  $0.0011 

Labor,  loading,  1,650  hrs 14  .0492 

Labor,  feeding.  1,866  hrs 16  .  0632 

Carts,  1,8  lOH  hrs 24  .0982 

Power  and  engineer,  540)^  hours 40  .  0488 

Coal,  31H  tons $2.86  .0169 


>. 


Total $0.2773 

Excavation  (4,150  Cu.  Yds.:  6,206  Sq.  Yds.  and  Sidewalk  and  Slopks) 

Rate, 
cts,       Cu.  yd.    Sq.  yd. 

Foreman,  610  hours 17  $0.0249  $0.0167 

Labor,  5,492  hours 14  .  1852  .  1239 

Teams,  84  hours 36  .  0070  .0047 

Carts,  1,692  hours 24  .0978  .0654 

Roller  engr.,  72  hours 20  .  0034  .  0023 

Dynamite,  98  lbs 14  .0033  .0022 

Coal,  4,000  lbs 2  .0019  .0013 

Total $0. 3239  $0. 2166 

SUB-QBADINO    (TRIUBfING,    6,^6   Sq.    YdS.) 

Per 
Rate,  cts.        sq.  ya. 

Foreman,  619  hours 17  $0. 0169 

Labor,  3,039H  hours 14  .0685 

Teams,  50  hours ^ 35  and  40  .0031 

Carts,  475M  hours 24  .0183 

Roller  engr.,  81  hours ,            25  .0032 

Coal,  3,000  lbs $4.50  .0018 

Total $0. 1113 

Macadam  (8  in.  Rbburfacinq  on  Old  Macadam,  Unrolled  on  Surface, 

3,529  Sq.  Yds.) 

Rate,  Per 

^  cts.  sq.  yd. 

Labor,  477  hours U*         $0.0192 

Carts,  505  hours 24  .0343 

Roller  engr.,  205  hours 25  .0145 

Coal,  8,000  lbs ^ 0026 

Stone,  998  perch 59. 2  .  1715 

Total $0.2424 

•  14  and  15  cts. 

Rate,  Per 

cts.  sq.  yd. 

Telford  stone,  1,471  perch 31 .46  $0.0755 

Foreman  laying,  490  hrs 25  .  0200 

Labor  laying,  870  hrs 15  .0212 

Team  hauhng,  440  hrs 35  .  0262 

Rolling  Telford,  40  hrs 26  .0016 

Coal,  2.600  lbs. . .  .  i 02  .0008 

Macadam  stone,  932  perch 59. 18  .09(X) 

Team  hauling,  330  hrs 86  .0188 

Spreading.  365  hrs 25  .0148 

RolUng,  190  hrs 26  .0078 

Coal.  12,000  lbs. .02  .0039 

Profit •      •  •  •.  •  1502 

.    Total ^ •      $0.4300 
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Asphalt  Binobb  and  ArrumiQ 

Rate,  Per 

eta.  eq.  yd. 

Ubor,  unloAdinc,  109  houn *  $0.0017 

Team.  44houra t  .0009 

Fuel  wood,  heating.  9  corda *t  .0030 

Fonman,  178H  boon 20  .0037 

Labor.  1  304  houn •  .0196 

SereeninsB.  231  perch 69. 18  .0142 

Carta,  77  houra 24  .0019 

Aaphalt,  12310  lala 11.57  '    .1536 

RoUinc,  18SH  hours 75  .0146 

Total $0.2142 

*  14  and  15  oto.     flO  and  24  oto.     *t  $8  to  $6. 

Summarizing  we  have  the  folio  wing  costs: 

Asphalt  Macajdam  with  Thlpobd  Bash 

Per 
■q.  yd. 

Bxearation $0.2166 

Bnbcrading 1118 

Telford  and  macadam 4800 

Asphalt  binder 2142 

Total $0.9721 

Asphalt  Macadam  on  8-In.  Rhsubpacino 

Per 
aq.  yd. 

Reaurfaeinc.  8-in $0.2424 

Aaphalt  binder 2142 

Totala $0. 4666 

The  f oHowing  costs  were  for  tlie  coDstruction  of  a  section  of  resurfaced  water- 
bound  macadam  at  the  end  of  the  asphalt  macadam  work.    The  total  area 

was  2,240  sq.  yds. 

Rate.  Per 

cts.  sq.  yd. 

Labor.  822  houra 14  to  20  $0.0208 

Carta.  97  houra 24  to  85  .0147 

Roller  ensr..  103  houra 25  .0115 

Crushed  atone.  923  perch 59  to  90  .2727 

Coal,  7,500  lbs 2  .0066 

Total $0.8265 

Ontpat  and  Organization  Uaed  in  Operating  Aaphalt  Mixer  in  Conatracting 
1-in.  Asphaltic  Concrete  Surface. — The  following  data  are  taken  from  an 
abstract  published  in  Engineering  and  Contracting.  April  3,  1018.  of  a  paper 
by  R.  Crawford  Muir  presented  at  the  1918  annual  conference  of  Ontario 
Road  Superintendents. 

Mr.  Muir  described  the  reconstruction  of  Dimdan  Street  which  \a  the  chief 
means  of  acoe.ss  to  Toronto. 

The  wearing  surface  mixture  was  prepare<l  in  a  Cummer  standard  1-car 
protable  paving  plant  of  2,000  sq.  yd.  of  2-in.  top  per  day  (10  hours)  rated 
capacity,  having  a  twin-pug  mill  (10  ou.  ft.)  capable  of  handling  a  1,000-lb. 
batch  of  material.  The  total  weight  of  thLs  plant  ready  for  transporting  is  100 
tons. 

When  the  plant  is  working  at  its  full  capacity,  3  tont^  ot  go»\  «iX^T«(^T^ V>^ 
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The  organization  at  the  plant  Is  as  follows: 

1  Foreman. 
1  Engineer. 

1  Fireman  and  1  blacksmith. 

2  Men  at  scales  weighing  materials. 

2  Men  feeding  stone  to  elevator  to  drier. 

2  Men  feeding  sand  to  elevator  to  drier. 

2  Men  shoveling  stone  from  car. 

2  Men  shoveUng  sand  from  car. 

2  Men  stripping  barrels,  etc. 

1  Man  with  horse,  conveying  sand  from  pile  to  elevator. 

1  Man  with  horse,  conveying  stone  from  car  to  elevator. 

On  a  good  day's  work  (8  hours)  the  following  quantities  of  material  were 
used:  16  tons  of  asphalt,  132  tons  of  stone,  47  tons  of  sand,  11  tons  of  dust  or 
filler,  making  a  total  of  206  tons  of  mixture. 

The  materials  were  mixed  in  a  batch  as  follows: 

Weight,  lb.  Per  cent 

Stone  (M-in.) 626  64. 10 

Sand 225  23.07 

Dust  (filler) 60  5.13 

Asphalt  cement 76  7. 70 

100.00 

These  weights,  of  course,  were  modified  from  time  to  time,  in  order  to  take 
care  of  the  variations  in  the  materials  as  delivered.  Special  care  was  exercised 
to  see  that  there  was  always  a  high  percentage  of  filler  and  that  the  mix  carried 
all  the  asphalt  cement  possible  without  being  sloppy. 

When  the  quantity  of  asphalt  cement  in  the  mixture  exceeded  7^  per  cent 
of  the  total  wel^t  there  was  trouble  in  some  places  with  waving  and  ridges  in 
the  pavement,  also  with  more  or  less  bleeding.  On  the  other  hand,  if  the 
percentage  fell  below  7,  the  pavement  had  a  tendency  to  crack. 

The  hot  mixture  was  hauled  from  a  portable  plant,  which  was  located  at  a 
railway  station,  to  the  road  in  the  usual  asphalt  spreading  wagons,  dumped 
on  the  foundation  at  a  temperature  varying  from  250**  to  350*  F.  and  conveyed 
to  its  final  resting  place  by  means  of  shovels.  In  shoveling  the  hot  n^ixture 
into  place,  the  material  was  shoveled  from  the  bottom  of  the  pile,  thereby 
preventing  the  lower  layer  of  the  pile  from  becoming  chilled.  When  the  lower 
part  of  the  pile  becomes  chilled,  an  uneven  distribution  and  compression  re- 
sults. On  a  number  of  loads,  especially  on  a  long  haul  the  larger  particles  of 
the  mixture  settled  to  the  bottom  of  the  load ;  when  this  occurred,  the  mixture 
on  being  dumped  was  remixed  by  turning  over  with  hot  shovels.  The  mix- 
ture, after  having  been  deposited  roughly  in  place  by  shovels,  was  spread  by 
means  of  hot  iron  rakes  to  a  depth  of  2H  in->  thus  allowing  for  an  ultimate 
compression  of  2  in.  During  this  operation  the  rakers  did  not  stand  on  the 
hot  mixture  any  more  than  was  necessary.  Care  was  taken  that  all  lumps 
were  broken  and  a  uniform  consistency  and  even  grade  makitained,  so  as  not 
to  have  depressions  in  the  finished  pavement.  Raking  is  a  most  important 
factor  in  the  construction  of  an  asphaltic  concrete  pavement.  With  a  hot 
mixture,  300*^  F.  or  more,  4  to  6  minutes  were  necessary  for  raking,  but  with  a 
cold  or  stiff  mixture  10  to  20  minutes  were  sometimes  required.  Cold  or 
extra  stiff  mixtures  should  be  avoided  as  insufficient  compression  and  incon- 
sistency results. 

The  largest  number  of  loads  dmnped  in  one  day  was  65  (228  tons),  covering 
an  area  of  1,800  sq.  yd.  or  a  length  of  040  lin.  ft.  This  was  on  the  slKHtest 
haul,  H  of  a  mile.    On  the  longest  haul,  2  miles,  36  loads  (126  tons)  were 
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(imped,  0  teams  each  making  4  trips  in  8  hours,  covering  an  area  of  approxi- 
Lately  1.130  sq.  yd.  On  an  average  on  a  full  day's  work,  46  loads  (106  tons) 
'ere  deposited  on  the  road,  covering  an  area  of  approximately  1300  sq.  yd. 
lieae  quantities  would  have  been  increased  had  the  contractor  placed  more 
earns  on  the  work. 

Cost  of  Asphaltic  Macadam  at  Wasrnesboro,  Pa. — ^Engineering  and  Con- 
lacttng,  Oct.  4,  1916,  publishes  the  following  data,  relative  to  the  street 
mprovements  at  Waynesboro,  Pa.,  carried  out  by  the  city  street  force  undei 
die  supervision  of  G.  C.  Brehm,  City  Engineer. 

The  oiganization  consisted  of  two  foremen  at  21  cts.  per  hour,  a  roller  engi- 
neer at  25  cts.  per  hour  and  labor  at  18  cts.  per  hour. 

Of  the  25,000  sq.  yd.  of  asphalticl>avements  laid,  one  block  (1,170  sq.  yd.) 
was  constructed  on  Cleveland  Ave.,  the  cost  of  which  follows: 

It  was  found  upon  examination  that  the  old  macadam  was  so  badly  worn 
than  an  entire  new  base  was  necessary,  and  in  order  to  bring  the  contour  of  the 
Toad  to  its  proper  place,  about  8  in.  of  grading  had  to  be  done,  the  rough 
grading  being  handled  by  means  of  the  road  roller  and  plow.  The  average 
haul  was  1  mile. 

Upon  the  thoroughly  rolled  sub-base,  run  of  crusher  limestone  6  in.  thick 
(after  compression  with  a  10-ton  roller)  was  used  as  a  base. 

Three  Inches  of  crushed  stone  (after  compression)  2  to  3  in.  in  size  was  placed 
upon  this  base  and  after  being  thoroughly  rolled  with  a  10-ton  roller  the 
asphalt,  which  was  Aztec,  was  applied  by  means  of  pouring  cans.  Just 
enough  ^4-in.  stone  to  take  up  the  voids  was  then  spread  over  the  hot  asphalt 
and  the  whole  was  again  thoroughly  rolled.  After  applying  H  gal-  of  asphalt 
per  square  yard,  the  surface  was  covered  with  H-in*  chii>s  and  rolled. 

The  ^-in.  and  H-in-  stone  contained  a  great  deal  <rf  dust  and  screeulng 
was  necessary  before  they  could  be  applied  to  the  road.  The  cost  of  the  woric 
was  85  ct.  per  square  yard,  as  f<^ows: 

Gbadinq  (312  Cu.  Yd.) 
Unit  Amount 

Teams 122  hr. 

Labor 50  hr. 

Labor 332H  hr. 

Roller  engineer 21  nr. 

Insurance 

Simerviuon 

Coal 2,465  lb. 

Oil Igal. 

Dep.  machinery 


Total 

*  Rate,  $1.74  per  $1,000. 

Basb,  6  In.  (1,170  Sq.  Yd.) 

Unit  Amount 

Stone 250  tons 

Hauling 99  hr. 

Spreading 108  hr* 

Rolling 7  hr. 

Coal 828  lb. 

Oil Mgal. 

Supervision 

Insurance 

Dep.  machinery 

Total $0.»54 

*  25  hours  at  21  cts.;  83  hours  at  18  cts. 


Rate 

Per  sq.  yd. 

$0.50 

$0.0522 

.21 

.0088 

.18 

.0514 

.25 

.0044 

.0013* 

.0119 

4.50 

.0048 

.50 

.0004 

.0179 

$0.1531 

Rate 

Per  sq.  yd 

$0.75 

$0.1603 

.60 

.0423 

.0173 

.25 

.0015 

4.50 

.0015 

0001 

.0060 

.0004 

.0060 

Rate 

Per  sq.  yd 

$0.75 

$0.1051 

.50 

.0280 

.0186 

.25 

.0023 

.0024 

.0002 

.0096 

^       .0005 

.0094 

Rate 

Per  sq.  yd. 

$0.08H 

$0.1729 

.0073 

.0204 

4.00 

.0103 

.0019 

.0029 

.0005 

.0026 
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Sttbtacb,  3  In.,  of  3-In.  and  2-In.  Stonb  (1,170  Sq.  Yd.) 
Unit  Amount 

Stone 164  tons 

Hauling 65  hr. 

Spreading 116  hr* 

Rolling 11  hr. 

Coal 1,291  lb. 

OU Hgal. 

Supervision 

Insurance 

Dep.  machinery 

Total $0.1763 

*  30  hours  at  21  cts.;  86  hours  at  18  cts. 

Asphalt 

Unit  Amount 

Asphalt 2,381  gal. 

Hauling 37  hr.f 

Applying 128  hr.j 

Wood 3  cords 

Oil  and  waste§ 

Supervision 

Insurance. ; 

Dep.  machinery 

Total $0.2188 

t  6  hours  at  50  ctn.;  31  hours  at  18  cts.     %  28  hours  at  21  cts.;  100  hours  at  18 
cts.  §  12  gal.  oil  at  12  cts.;  5  lb.  waste  at  15  cts. 

Stonb,  1  In.  and  ^  In. 

Unit  Amount  Rate  Per  «q.  yd. 

Stone 15  tons  $0.75  $0.0096 

Hauling 13  hr.  .50  .0056 

Spreading 17  hr.*               .0027 

Screening 23  hr.  .18  .0035 

RoUing 4  hr.  .26  .0009 

Coal  and  oilf 468  hr.                 .0009 

Supervision ......  .0030 

Insurance .....  .0002 

Dep.  machinery .0034 

Total $0.0298 

*  4  hours  at  21  ct.;  13  hours  at  18  cts.     f  Oil,  K  sal. 

Stone,  >^  In. 

Unit  Amount  Rate  Per  sq.  yd. 

Stone 6  tons  $0. 75  $0.0038 

Hauling 7  hr.  .50  .0030 

Spreading 11  hr*                .0018 

Screening 11  hr.  .18  .0017 

Rolling 4  hr.  .25  .0009 

Coal  and  oilf 468  1b.                  .0009 

Supervision .0030 

Insurance *. .0001 

Dep.  machinery .0034 

Total $0  0186 

*  2  hours  at  21  cts.;  9  hours  at  18  cts.     t  Oil,  K  S^l. 

MlBCBLLANEOUS 

Unit  Amount  Rate  Per  sq.  yd. 

Teams 21  hr.  $0. 50  $0.0089 

Labor 49  hr.*  .0079 

Blacksmith,  repairs,  etc .0013 

Total $0.0181 

*  14  hours  at  21  cts. ;  35  hours  at  18  cts. 
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SuMMABt 

Per  sq.  yd. 
pavement 

rmdiac 90. 1631 

we .2354 

in.  surfaoe .  1763 

gphah  application .2188 

tone,  1-ln.  and  K-in .0298 

^Mone.  H-4n 0186 

MisoelUuMoua .  0181 

Total 80.8501 

Coat  of  Romoving  an  Atphaltic  Macadam  Road  Surface,  Reworkiac  the 
Old  Material  and  Relaying  it  aa  Aaphaltic  Concrete. — O.  C.  Dillman  pul>- 
liahed  the  following  data  in  Engineering  and  Contracting.  Dec.  9.  1914. 

A  poured  process  aaphaltic  macadam  surfaoe  16  ft.  wide  was  laid  on  the 
eztemlon  of  Woodward  Ave.,  Detroit,  in  1912.  This  road  is  a  trunk  line 
between  Detroit  and  Pontiac  and  is  subjected  to  a  heavy  traffic.  Holes 
began  to  appear  in -the  surfaoe  soon  after  its  completion. 

The  original  improvement  was  made  by  Royal  Oak  township  of  Wayne  Co. 
Mich.,  which  did  not  make  the  repairs  required  by  the  state  reward  roacf  law 
and  in  July,  1914,  the  surface  was  reconstructed  under  the  direction  of  F.  H. 
RogeiB,  state  highway  oommissioner.  The  new  work  consisted  of  tearing  up 
the  old  asphaltlc  surfaoe,  heating  it  with  necessary  new  material  added  and 
relaying  on  the  old  slag  macadam  base. 
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lOid  rootiiMtyl 
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^  wfTL-  4'Tiie  drain 
Fia.  2.— Typical  cross  section  of  roadway  improved. 

Remoping  Old  Surface. — The  asphaltic  surface  to  be  removed  was  first  swept 
clean.  Twelve  men,  picking,  lifted  and  picked  into  small  chunks  and  shoveled 
into  wheelbarrows,  the  material  covering  about  250  lin.  ft.  of  roadway  surface 
each  day.  ^ 

In  scalping  off  the  old  bituminous  top,  two  places  were  broken  up  at  the 
same  time  to  hasten  the  work.  At  first  the  men  picking  stood  on  the  surfaoe 
already  broken  up,  pulling  the  chunlcs  as  picked  up,  toward  them.  This  did 
not  work  out  satisfactorily  so  another  method  was  tried,  in  which  the  men 
stood  on  the  old  surface,  driving  the  pick  beneath  the  broken  edge.  The 
surface  coat  was  then  readily  lifted  and  broken  into  pieces  that  could  be 
handled.  These  large  pieces  were  then  thrown  back  where  three  men  picked 
them  into  still  smaller  ones  to  save  time  in  the  mixers.  The  old  material 
broke  up  readily  in  the  morning  but  towards  noon  softened  and  more  time  was 
needed  in  breaking.  Although  the  depth  of  penetration  was  far  from  being 
uniform,  the  bituminous  top  separated  readily  from  the  slag  foundation. 

Long  stretches  of  the  old  surface  were  laid  when  the  foundation  was  wet, 
and  the  bad  effects  of  water  present  could  be  seen.  The  asphalt  had  not 
penetrated  to  a  sufficient  depth,  and  there  was  practically  no  bond  in  the  pave- 
ment in  such  plaoes.    la  other  pJaoes  a  6-in.  penetiaUoii  *««&  c^m^ti^i^ 
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When  the  old  surface  was  broken  lip  the  stone  was  often  covered  with  moisture 
and  the  asphalt  could  be  peeled  from  the  stone.  This  presence  of  moisture 
may  be  partially  accounted  for  in  that  the  general  drainage  of  the  road  was 
poor,  yet  it  is  probable  that  the  foundation  had  not  been  in  a  dry  condition 
since  the  pavement  was  laid.  When  the  road  was  resurfaced,  the  foimdation 
was  idlowed  to  dry  out  and  the  general  drainage  was  also  taken  care  of. 

Mixing  and  Placing. — The  equipment  for  mixing  and  placing  consisted  of 
2H-CVL.  yd.  hot  mixers,  1  500-gal.  heating  kettle,  1  5-ton  roller,  carts,  small 
tools,  etc. 

The  old  surface  picked  into  small  chunks  was  delivered  to  the  mixers  in 
wheelbarrows.  An  average  bat<^  oonsisted  of  suJBdent  material  to  lay  BH 
sq.  yds.  of  2H  in.  surface,  and  contained  728  lbs.  of  old  top,  252  lbs.  of  new 
stone  and  15.92  lbs.  of  new  asphalt. 

The  old  top  was  charged  into  the  mixer  with  about  26  per  cent,  of  H  to  f^ 
in.  stone  added  and  about  0.45  gals,  per  square  yard,  or  about  1.6  gals,  per 
batch,  (rf  new  asphalt.  Mixing  was  usually  continued  8  mins.  at  the  end  of 
which  time  the  temperatuce  of  the  material  would  average  about  240^  F. 
TwQ  high-wheeled  carts  were  used  to  convey  each  batch  to  the  point  where  it 
was  to  be  laid. 

The  base,  after  removing  the  surface  material,  was  found  to  be  very  rough 
due  to  the  original  poor  grading,  and  to  the  varying  depths  of  penetration  of 
the  asphalt.  All  depressions  in  the  bottom  layer  were  filled  with  ^  in.  stone, 
after  which  it  was  thoroughly  compacted  by  rolling. 

After  the  bituminous  macadam  had  been  laid  and  rolled  to  a  thickness  of 
2H  ins.,  a  squeegee  coat  of  asphalt  was  appUed  at  the  rate  of  about  1  gal.  per 
square  yard.  A  ^  in.  layer  of  stone  chips  free  from  dust,  was  then  put  on  and 
rolled  in.  It  was  believed  that.H  gal.  of  asphalt  per  square  yard  would  be 
sufficient  for  the  squeegee,  but  due  to  the  large  size  stone  In  the  old  surface 
material,  it  was  necessary  to  double  this  quantity. 

Each  day  a  sample  of  the  suriacing  laid  was  analyzed  by  the  chemist  and 
from  the  results  of  his  analysis,  together  with  the  appearance  of  the  old 
material,  the  mix  was  determined.  Almost  oonstfmt  attention  had  to  be  given 
the  mix  on  account  of  the  varying  composition  of  the  materials.  An  attempt 
was  made  to  keep  the  per  cent  of  bitumen  between  5  and  6,  but  it  was  low  at 
times  due  to  the  large  stones  in  the  sample  tested. 

The  road  was  closed  to  traffic  July  13, 1914  and  opened  to  traffic  August  12, 
1914,  about  an  hour  after  completion.  Thirty-eight  men  were  required  24 
working  days  to  tear  up,  remix  and  relay  9,055  sq.  yds.  In  a  10-hour  day  a 
maximum  of  510  sq.  yds.  was  laid. 

Coat  and  Personnel. — Table  XIV  gives  an  itemized  statement  of  the  costs  per 
square  yard  of  pavement  laid.  These  figures  were  compiled  from  the  daily 
expenses  as  gathered  by  the  state  inspector  and  are  very  close  to  the  exact  cost. 
The  contract  price  for  laying  the  bituminous  pavement  was  73  cts.  per  square 
yard,  $500  being  allowed  for  the  extra  asphalt  used  for  squeegee. 

The  prevailing  rate  of  wages  was  $2.25  a  10-hr.  day  for  ordinary  labor; 
$2.50  and  $3.00  being  paid  enginemen,  firemen  and  roltormen,  and  $4.00  for 
raker.     The  teams  cost  $5.00  per  day      ' 

The  estimate  for  foreman  is  based  on  80  dasrs  at  $10.00.  The  contractors 
had  two  foremen  on  the  work  at  all  times,  both  being  members  of  the  ccmtract- 
tng  firm. 

The  equipment  cost  cannot  be  stated  in  exact  figures,  since  it  was  owned  by 
the  contractor,  but  the 'figures  given  represent  an  average  rental  price. 
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Tabui  XIV. — Unit  Covn  of  Womk 


old  UtuminoM 
_  Mn 

2  firenMD 

3  plstform  men 

0  whMlen 

Upioktm 

Total fO.186 

■  now  BMtaruil— 

4  eartiiften 

1  kottloman 

iTftkor 

1  loUcmta 

Total 10.049 

PwpuntiK  Mf^i^^^^^ 

SsncwiMii 

PuUins  oa  tquoiseo  Mid  ehipo — 

8  MttoefMnien 

CHher  labor — 

5  belpeni 

1  waterbogr 

1  nichtwstchmaii 

Inodental  labor 

taam  (steady) 

Total t0.05g 

Coat  of  labor  per  aq.  yd $0,276 

MATnOALB: 

Aaphalt— 

30.A3  toaain  mix 

49.80  tone  in  ■oueeaee 

Coat  of  aapnalt  per  eq.  yd.,  t0.174. 
Stone — 
825.9  tone  in  mix 

90.5  tone  in  ohipe 

12.7  tone  in  grade 

Coet  of  atone  per  aq.  yd.,  t0.090. 
Inoidentala — 

Fuel,  insurance,  fretaht  on  equipment,  ete 

Equipment  (eetimateoy — 

Roller  and  kettle 

Two  mizera 

Small  toola 

Total $0,129 

Foreman  (eotimated) 

Grand  total 

SUMMAXT 

Average  for 

Item  2,586  batches 

Length  surfaced,  lin.  ft 1  •  07 

Area  surfaced,  sq.  yds 3.50 

New  asphalt  addecl,  lbs 16.02 

New  asphah  added,  per  cent 1.6 

Old  bitu.top,  lbs 128 

Old  bitu.  top,  per  cent 73 . 1 

New  stone  in  mix.  lbs 2&^ 

Hew  siaae  ia  mix,  per  cent 24  .^ 


Cortpar 
■q.  yd. 

$0,016 
0.014 
0.018 
0.020 
0.064 


$0,020 
0.008 
0.018 
0.008 


$0,016 

$0,021 

$0,012 
0.008 
0.007 
0.016 
0.017 


$0,051 
0.128 


$0,068 
0.019 
0.008 


$0,078 

$0,028 
0.100 
0.006 


$0,033 
$0.74 


Totals 
2.586 
9,046.5 
41,065 


1.882,835 


^\.1VA 
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Comparative  Cost  of  Mizins;  Bftuminous  Road  Materials  by  Machine  and 
by  Hand. — ^In  an  article  in  Engineering  and  Ck>ntracting,  Feb.  26,  1913. 
Herbert  C.  Poore.  gives  the  following  costs: 

Mixing  work  previous  to  the  1012  season  has  generally,  been  done  by  hand 
on  wooden  platforms  with  hot  shovels.  During  1912,  however,  18  mechanical 
batch  mixers  were  used.  These  mixers  are  portable  and  are  either  set  up  In 
connection  with  the  crushing  plant  or  else  moved  along  the  road  as  the  work 
advances.  To  handle  the  stone  economically  the  crusher  bins  at  a  stationary 
plant  discharge  directly  to  both  wagons  and  to  the  mixer  hopper  by  gravity 
and  the  mixer  discharges  the  coated  stone  to  the  wagon  by  dropping  from  a 
spout. 

The  apparatus  most  generally  used  is  one  manufactured  by  the  Munidpal 
Engineering  &  Contracting  Co.  of  Chicago,  known  as  the  Chicago  Improved 
Cube  Mixer.  When  provided  with  the  Austin  oil  torch  heating  attachment 
the  stone  may  be  dried  for  use  in  bituminous  road  construction.  The  machine 
consists  of  an  iron  cube,  revolving  on  its  diagonal  axis  and  gear  driven  from  a 
steam  engine  mounted  on  the  same  portable  frame.  A  small  belt-driven  air 
compressor  furnishes  the  necessary  pressure  for  operating  the  crude  oU  torch. 
The  two  ingredients  are  mixed  in  the  cube  chamber  by  kneading  and  folding 
rather  than  by  stirring  and  the  action  is  rapid  and  complete.  . 

The  broken  stone  is  first  dumped  or  shoveled  into  the  measuring  hopper 
which  is  then  raised  on  an  inclined  slide  by  a  small  cable  hoist.  After  deposit- 
ing the  charge  in  the  mixing  chamber  the  stone  is  turned  for  several  minutes 
under  the  oil  torch  blast  before  the  hot  Tarvia  is  poured  in.  To  dischaige  the 
mixture,  the  engineer  operates  a  single  lever  which  tips  theievc^vlng  cube  and 
allows  the  material  to  drop  by  gravity  to  the  wagon  or  wheelbarrow. 

The  mixers,  generally  of  M  yd.  capacity,  in  imit  with  the  stone  crusher,  run 
three  batches  in  10  to  15  mins.  with  four  men;  namely,  an  engineer,  a  tar  man, 
a  loading  man  and  a  helper.  A  wagon  of  IH  cu.  yd.  capacity  waits  for  the 
three  batches  to  be  mixed  and  then  hauls  them  to  the  road,  unually  noOnore 
than  a  mile  distant  from  the  plant. 

When  the  mixing  machine  is  used  on  the  road,  the  stone  is  dumped  on  a 
board  platform  at  the  mixer,  placed  some  200  ft.  ahead  of  the  point  where  the 
tar  macadam  is  being  laid,  and  moved  as  the  work  progresses.    The  loading 
skip  of  the  mixer  is  filled  by  hand  and  the  mixed  macadam  wheeled  in  barrows 
to  the  road.    Portable  kettles  holding  100  or  200  gals,  are  in  use  at  both  th» 
stationary  and  portable  plants.    The  Tarvia  is  ship];)ed  in  steam  coiled  tank. 
cars,  run  off  into  barrels,  and  conveyed  to  the  road  in  the  barrels  to  be  used  as 
required.     Contractors  are  asked  for  bids  on  both  water-bound  macadam  and 
*^^ar  macadam.     The  latter  price  is  always  stated  in  a  square  yard  inice  over 
nd  above  the  cost  of  water-bound  macadam.    For  example,  on  a  6,300  sq. 
d.  job  a  price  was  give  of  $3.25  per  cubic  yard  of  stone  in  place  with  18  cts. 
ter  square  yard  for  bituminous  work.    On  this  6-in.  road,  1.18  gals,  of  Tarvia 
irere  used  in  the  top  2  ins.  of  hand-mixed  macadam,  making  a  total  cost  of 
>0.935  per  square  yard  of  finished  road.    The  contract  prices  average  about 
17,600  per  mile  for  a  14-ft.  road,  or  approximately  $0.92  per  square  yard  exclu- 
sive of  binder.    The  following  are  the  contract  prices  on  several  roads: 

Coventry,  R.  I.,  length  road  3.16  miles;  contract  price,  including  binder, 
$1.01  per  square  yard;  Warwick,  R.  I.,  length  road  4.00  miles;  contract  price, 
including  binder,  $0.98  per  square  yard.  Foster,  R.  I.,  length  road  4.88  miles; 
contract  price,  including  binder,  $0.87  per  square  yard.  These  sections  were 
mixed  by  machine  and  the  work  progressed  from  150  to  400  ft.  per  day. 
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The  foQowing  flgures,  bawd  on  careful  observation  of  the  various  job<4,  are 
a  dose  approximation  of  the  relative  costs  bj  the  two  methods: 

No.  1 — PoKTABLB  Plant  ON  RasuBrACiNa — 2  Iifs.  Thick,  440  8q.  Yds. 

Per  day 

Foreman.  H  time $  2. 50 

Bnnneer 2  50 

6  laborers  at  $1.85 11 !  10 

Kettle  man 2.26 

2  men  spreadinc  at  $1.85 8.70 

$22.05 

TliiB  gives  a  cost  of  $0.05  per  square  yard  for  labor  of  mixing  and  spreading 
stooe  and  Tarvla.  The  mixer  turned  seven  to  eight  batches  per  hour,  which 
covered  50  sq.  yds.  of  surface.  Observation  of  two  other  portable  plants 
gave  approKimately  the  same  labor  cost. 

No.  2 — Hand  Mixino  ok  Board  Plattorm:  RasuRrACZNa  2  Lvs.  Thick. 

280  Sq.  Yds. 

Per  day 

Foreman.  H  time $  2. 50 

10  laborers  at  $1.85 18. 50 

1  kettle  man 2.25 

$23.25 

This  gives  $0,085  per  square  yard  as  the  cost  for  labor  of  mixing  and 
spreading. 

In  work  of  similar  nature  done  by  the  writer  the  labor  cost  for  mixing  and 
spreading  a  finished  2-in.  course  has  varied  from  $0.12  to  $0.18  per  square 
yard.  The  difference  of  $0.05  and  $0,085.  or  $.035,  per  square  yard.  Is  further 
increased  by  the  saving  in  bitumen  in  the  machine  mix  over  the  hand  mix. 
amounting  to  .75  gal.  per  square  yard,  of  approximately  $0.06  per  square  yard. 
On  the  other  hand  the  machine  mix  costs  are  increased  by  interest  and  depre- 
dation and  the  cost  of  installing  and  mo\ing  the  plant. 

Cost  of  Asphaltic  Macadam  Construction  on  the  Boulevard  System  of 
Kansas  City,  Mo. — C.  W.  Redpath  gives  the  following  in  Engineering  and 
Contracting.  May  21,  1913. 

The  boulevard  system  of  Kansas  City  (in  1013)  comprised  some  55  miles 
of  improved  roadways  practically  all  of  which  were  of  macadam  construction, 
maintained  by  the  use  of  road  oil  which  tested  10/21  B.  by  high  grade  hydro- 
meter. This  oil  was  applied  hot  from  a  tank  by  gravity  or  l)y  spraying  at  a 
pressure  of  about  20  lbs.  This  was  essentially  an  improvement  in  mainte- 
nance and  while  satbifactory  to  a  degree  has  had  several  drawbacks,  viz. : 

(a)  Oiling  must  be  done  from  two  to  four  times  a  year  at  an  average  cost  of 
1  ct.  per  square  yard  per  application. 

(b)  Constant  oiling  has  built  up  a  thick  oU  cushion. 

(c)  Satisfactory  repairs  are  impossible  on  this  cushion. 

(d)  The  thick  cushion  has  become  wavy  and  uneven  under  traffic. 

Some  of  th^e  roadways  have  been  reconstructed  by  removing  2  ins.  of  the 
top  course  and  replacing  with  a  2-in.  asphalt  bound  wearing  surface  applied 
by  the  penetration  method.  This  has  proved  a  satisfactory  solution  for  the 
improvement  of  the  old  oiled  macadam  pavements. 

Firti  Method. — 8.300  sq.  yds.  of  macadam  were  put  dowii  on  GVCiXiAsa^ucMi^ 
mad  bound  with  aepbmlt,  the  Bsphalt  being  applied  by  live  peQftXi«.\\nnTDfe^S&fA« 
50 
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Most  ol  the  asphalt  was  received  in  car  lots  on  a  railroad  siding  near  by  and 
was  hauled  by  wagon  to  a  large  asi^ialt  agitator  tank.  It  was  loaded  into 
this  tank  with  a  hand  derrick,  after  as  many  of  the  hoops  and  staves  as  possi- 
ble had  been  removed,  the  remaining  pieces  of  the  barrel  being  taken  from 
the  tank  when  the  asphalt  was  melted. 

The  liquid  asphalt  at  about  350**  F.  was  then  piunped  into  a  small  portable 
kettle  of  about  300  gals,  capacity,  which  was  supplied  with  a  fire  box  to  keep 
the  asphalt  at  the  proper  temperature  for  pouring,  and  in  this  kettle  was 
hauled  by  team  to  a  convenient  location  for  distribution.  Here  it  was  loaded 
into  small  hand  kettles  and  carried  to  the  man  who  poured  it  upon  the  pre- 
pared rock  surface. 

It  was  necessary  to  have  an  engineer  at  $3.00  per  day  on  the  agitator  tank 
to  fire  and  operate  the  pump.  Only  one  portable  kettle  was  used  and  some 
time  was  lost  by  the  pouring  gang  each  time  it  was  taken  away  to  be  filled. 
This  has  been  made  note  of  in  Table  I,  which  is  the  comi>lete  co§t  report  on 
labor  and  materials  for  applying  two  coats  of  asphalt  on  8,300  sq.  yds.  of 
pavement. 

Several  types  of  small  hand  kettles  were  tried,  but  one  which  gave  the  best 
results  holds  5  gals,  and  was  made  specially  for  this  work.  The  liquid  asphalt 
is  spread  from  this  kettle  with  a  long  swinging  motion  of  the  arm  from  right  to 
left.  The  asphalt  used  was  Texaco  96  Paving  Cement,  which  weighs  8.25 
lbs.  per  gallon  and  costs  $21.30  per  ton,  f.  o.  b.  Kansas  City.  It  was  delivered 
in  ordinary  wooden  barrels  and  was  very  hard  to  strip  when  the  weather  was 
warm. 


Tabub  XV. — Cost  or  Labor  and  Matbrials — Applying  Asphalt  on  Macadam 

Bt  Pbnbtbation  Mbthoo 


-First  coat- 


8,300  Square  yards 

Foreman,  31.2  cts.  per  hour 

Stripping  barrels  and  loading  into  big 

kettle 

Firing  large  kettle  and  loading  small 

kettle 

Transporting  small  kettles 

Lost  time  of  gang 

Loading  and  carrying  band  kettles 

Pourin^c  asphalt 

Spreading  and  wheeling  Joplin  flint. . . . 

Roller,  50  cts.  per  hour 

Joplin  flint  from  car  to  work 

Asphalt  from  car  to  work 

Brooming  Joplin  flint  from  first  coat. . . 


Hours 
56 

162 

97 
8 
47 
98 
87 
51 
54 


164 


Total  labor 

Asphalt gals.  12,732» 

Joplin  flint cu.   yds.  57' 


Total  materials 

Total  labor  and  materials. 


1  1.534  gal.  per  sq.  yd.     *  .616  gals,  per  sq.  yd. 
lbs.  per  sq.  yd. 


Cost  per 
sq.  yd. 

$0.00210 


— Squeegee  coat— 
Cost  per 
Hours        sq.  yd. 

46   $0.00173 


.00488   103 


.00438 
.00048 
.00142 
.00295 
.00262 
.00154 
.00325 
.00158 
.00182 
.00494 


65 
4 
24 
49 
49 
65 
38 


$0.03196  .... 
$0.13478  4,283> 
.00890  89. 3« 


$0.14368 
.17564 


.00310 

.1)0293 
.00024 
.00072 
.00148 
.00148 
.00196 
.00229 
.00247 
.00060 


$0  01900 

$0.04534 

.01397 

$0.5981 
.07831 


« 18.6  lbs  per  sq.  yd   «  29.1 


The  first  coat  of  asphalt  was  covered  with  a  layer  of  K  or  K  in*  Joplin  flint, 
ft  very  hard  stone  which  is  found  in  the  lead  and  zinc  mines  at  Joplin,  Mo.  It 
costs  $.048  per  100  lbs.,  f.  o.  b.  Kansas  City,  or  $1.80  per  cubic  yard.   A  cablo 
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ymnl  of  the  flint  weisbed  about  2,700  lbs.  This  also  was  received  in  can  on  a 
railroad  aiding  near  by.  After  rolling  this  first  coat  thoroughly,  all  the  loose 
Joplln  flint  was  swept  off  by  hand  with  street  brooms  and  the  road  surface 
¥raB  ready  for  the  second  or  squeegee  coat  of  asphalt,  which  was  applied  in  the 
same  way  as  the  first  coat  and  covered  with  Joplln  flint.  After  rolling,  the 
surface  was  ready,  for  traffic  and  while  some  loose  screenings  were  removed 
afterward,  most  of  them  worked  into  the  asphalt  under  traffic.  All  finish 
rolling  was  done  with  a  7-ton  Springfield-Kelly  tandem  roller.  The  engineer 
was  paid  $3.00  per  day  and  the  roller  is  charged  in  the  cost  report  at  50  cts. 
per  hour. 

As  this  was  the  first  work  of  this  kind  done,  some  difficulty  was  experienced 
in  training  the  laborers  to  handle  and  pour  the  asphalt.  The  foreman  was 
paid  92.50  per  day,  two  engineers  at  $8.00  per  day  and  all  labor  at  25  cts.  per 
hour.  Teamswerepaidforattherateof  50cts.  perhour.  When  asphalt  was 
poured  only  part  of  the  day,  the  gang  was  put  at  other  work. 

Second  Mathod. — In  continuing  this  work,  6,184  sq.  yds.  of  pavement  were 
laid  Just  as  the  above  with  the  exception  that  a  different  method  of  heating 
and  distributing  the  asphalt  v^as  used.  The  advantages  of  these  changes  is 
shown  in  Table  XVI  in  the  reduced  cost  of  labor  p^  square  yard.  Part  of 
this  difference,  however,  is  due  to  the  better  organization  and  greater  skill 
pouring  and  handling  the  asphalt. 

Tabub  XVI. — Co0T  or  Labob  and  Matsbiaui — Appltinq  Asphalt  on 

Macadam  bt  Pbnbtbation  Method 


6,184  Square  yards 

Foreman,  43.8  cts.  per  hour 

Stripping  barrels 

Loading  and  firing  kettles 

Loading  hand  kettldi 

Carrying  hand  kettles 

Pounng  asphalt 

Wheeling  Joplin  flint  from  piles  to  work. 

Spreading  Joplin  flint 

Roller,  50  cts.  per  hour 

Joplin  flint  from  car  to  work 

Asphalt  from  car  to  work 

Brooming  Joplin  flint  from  firsl  coat. . . . 


First  coat 

Cost  per 
Hours      sq.  yd. 


— Squeegee  coat — 
Cost  per 
Hours      sq.  yd. 


27 

27 
80 
27 
65 
53 
28 
15 
27 


115 


$0.00191 
.00100 
.00324 
.00100 
.00263 
.00214 
.00113 
.00061 
.00219 
.00166 
.00134 
.00465 


16 
18 
45 
17 
38 
30 
42 
27 
17 


$0.00113 
.00073 
.00182 
.00069 
.00164 
.00122 
.00170 
.00109 
.00138 
.00259 
.00048 


Total  labor 

Asphalt gals.  8.720i 

Joplin  flint cu.  yds.         41* 


$0.02368  $0.01437 

.12390  3.210. 5»   .04560 
.00850    64*    .01341 


Total  materials 

Total  labor  and  materials. 


$0. 


13249 
15617 


$0.05901 
.07338 


or  0.00663  cu. 


*  1.410  gals,  per  sq.  yd.     *  0.519  gals,  per  sq.  yd.     *  17.9  lbs. 
yds.  per  sq.  yd.     *  27.94  lbs.,  or  0.01035  cu.  yds.  per  sq.  yd. 

Two  large  kettles  of  500  gal.  capacity  and  supplied  with  fire  boxes  were 
manufactured  to  order,  at  a  cost  of  $300  apiece.  They  proved  very  satis- 
factory. The  kettles  were  placed  side  by  side  with  space  enough  between  for 
a  platform,  the  top  of  which  was  about  level  with  the  top  of  the  kettles.  A 
long  Incline  plane  was  attached  to  the  platform  so  that  it  could  be  readily 
removed.  The  barrels  were  stripped  from  the  asphalt,  which  wan  rolled  up 
the  plane  to  the  platform  where  It  was  cut  up  and  dropped  into  the  kettles. 
One  kettle  was  loaded  while  the  liquid  asphalt  was  taken  liom  X\i^  o'Ccvw. 

The  melting  plant,  aa  above  described,  could  be  quickly  moNe^^AX^c^^W 
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progressed,  so  that  when  the  distance  between  the  kettles  and  the  point  ci 
pouring  became  more  than  150  ft.,  It  was  moved. 
The  advantages  of  this  asphaltic  macadam  pavement  are: 

1.  It  does  not  disintegrate  under  impact  or  suction. 

2.  It  is  not  slippery. 

3.  It  is  entirely  wateri>roof . 

4.  Its  wearing  properties  are  excellent. 

5.  Its  surface  can  he  readily  renewed  by  another  squeegee  coat. 

6.  It  is  easily  cleaned. 

7.  Cuts  can  be  quickly  and  neatly  repaired. 

8.  The  disagreeable  feature  of  oiling  two  or  more  times  a  year  is  eliminated. 

9.  The  maintenance  cost  is  low. 

The  results  obtained  on  this  roadway  have  been  very  satisfactory  and  after 
six  to  nine  months  under  heavy  traffic  it  affords  a  smooth,  resilient,  waterproof 
and  dustless  pavement,  which  shows  very  little  wear.  It  is  now  proposed  to 
gradually  change  the  entire  boulevard  system  of  Kansas  City  from  a  water 
bound  macadam  maintained  with  road  oil  to  an  asphaltic  macadam  by  sur- 
facing with  a  2-in.  asphalt  wearing  surface. 

Cost  of  Tarvia-Macadam  at  Fredericton,  N.  B.-^The  following  data, 
published  in  Engineering  and  Contracting,  March  15,  1911,  were  given  by 
J.  L.  Feeney. 

During  the  past  season  two  blocks  of  tarvia-maeadam  were  laid  by  the  city 
of  Fredericton,  N.  B.,  the  total  amount  being  5,582  sq.  yds. 

The  broken  stone  used  in  the  work  was  nearly  all  IH  to  2-in.  trap  rock, 
though  a  small  amount  of  sandstone  was  of  necessity  used.  The  stone  was 
pur<diased  from  the  city  roads  and  streets  department  at  a  cost  of  $1.30  per 
ton  for  crushed  trap  rock  and  $  1 .00  per  ton  for  sandstone. 

The  binder  material,  Tarvia  X,  was  applied  hoi,  the  penetration  method 
being  used.  Two  applications  of  the  binder  were  used  on  the  wearing  course 
and  also  on  the  top  dressing.  The  amount  of  Tarvia  used  per  sq.  yd.  of  surface 
was  3.07  U.  S.  gals.  Of  this  amotmt,  2.4  gals,  were  used  on  the  wearing 
course  and  .67  gal.  on  the  top  dressing.  The  Tarvia  cost  $5.25  per  cask  of 
48  U.  S.  gals.,  delivered  in  Fredericton.  The  total  amount  of  Tarvia  pur- 
chased was  378  casks.  Of  this  amotmt,  357  casks  were  used  in  constructing 
the  two  blocks  of  pavement,  leaving  21  casks  in  stock.  Of  the  empty  casks, 
345  were  returned  to  the  company,  this  netting  the  city  $94.15.  Thus  the 
total  net  cost  of  the  Tarvia  used  in  this  work  will  be  seen  to  be  $1,780.10,  or 
about  10.4  cts.  per  U.  S.  gal. 

Sand  was  spread  on  the  finished  surface  of  the  pavement,  the  amount  used 
per  100  sq.  yds.  of  surface  being  1.55  cu.  yds.  The  total  amount  of  sand  used 
was  45  loads.     The  cost  of  the  sand  was  $1 .25  per  load. 

The  following  tabulation  shows  the  cost  of  material  and  labor  for  construct- 
ing the  macadam,  this  work  including  a  small  amount  of  grading: 

Per 
sq.  yd.. 

1,603  tons  crushed  trap  rock  at  $1.30 $0,372 

130  tons  sandstone  at  $1.00 023 

Labor 083 

Teaming 074 

RoUing 021 

Engineering  and  superintendence 054 

Sundries .008 

Totals  (5,582  sq.  yds.) $0. 635 

The  following  Is  the  average  organization  of  the  gang  engaged  in  grading 
and  constnicfting  the  macadam  proper: 
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x>r«n  at  $1.50  per  day $16. 50 

•uble  teama  at  $3 .  50  per  day 7 .  00 

icle  tcama  at  $2.25  per  day 4 .  50 

4»1. $28.00 

lis  force  placed  on  an  average  180  sq.  yds.  of  macadam  per  9-hr.  day. 

he  coat  of  the  tarvia  treatment  waa  as  follows: 

Per 
sq.  yd. 

17,136  sals,  tarvia  at  10.4  cts $0,319 

Lakxtt',  heating,  applying,  etc 057 

Cost  of  plant,  tools,  etc 024 

45loads  sand  at  $1.25  per  load 010 

Totals  (5.682  sq.  yds.) $0. 410 

The  sang  employed  in  heating  and  spreading  the  binder  was  as  follows: 

0  laborers  at  $1.75  per  day $10.50 

1  single  team  at  $2.25  per  day 2. 25 

Total $12. 75 

With  this  force  the  binder  was  applied  to  about  185  sq.  yds.  of  macadam 
each  9-hr.  day.  The  total  thickness  of  the  completed  Tarvia-macadam 
was  7  ins.  and  Its  total  cost  was  $1.04H  per  sq.  yd.  This  is  a  rather  low 
cost  when  it  is  considered  that  this  Tarvia-macadam  work  was  the  first  at- 
tempt in  the  city  in  the  construction  of  tiiis  kind  of  pavement .  The  cost  of  the 
Tarvia  was  also  somewhat  high,  being  12>^  cts.  per  imperial  gallon,  whereas 
the  same  product  can  be  obtained  at  less  cost  in  New  England  cities.  The 
eoseatial  features  in  the  low  cost  of  construction  were  the  comparatively  low 
eoet  of  crushed  stone,  the  short  haul  (the  cost  of  hauling  amounted  to  31  cts. 
per  ton  mile)  and  the  small  amount  of  excavation  neceBsury. 

Costs  of  Plant  and  Equipment  for  Bnilding  Bituminous  Roads.— The  cost  of  a 
portable  plant  for  asphaltic  concrete  roads  in  Chicago  i8  given  in  Engineering 
and  Contracthig.  Oct.  14.  1914.  as  follows: 

Within  the  city  limits  of  Chicago  there  are  approximately  500  miles  of 
macadam  streets  and  roads.  To  accomplish  the  work  of  resurfacing  the  out- 
Ijring  roads  a  portable,  one-car  asphalt  plant  with  a  rated  capacity  of  2,500 
sq,.  yds.  of  2  in.  asphaltic  concrete  in  9  hours  was  purchased  from  the  Warren 
Brothers  Co.,  Boston,  Mass.,  at  a  cost  of  $13,000. 

The  plant  was  put  in  operation  in  May.  1914,  and  since  that  time  has 
operated  continuously.  The  rated  capacity  has  been  exceeded  upon  several 
occasions,  3,240  sq.  yds.  of  surfacing  being  tiie  maximum  output  in  one  day. 

Several  changes  were  made  in  the  plant  after  its  erection  by  W.  H.  Barton, 
the  foreman,  to  better  adapt  it  to  the  work  in  hand.  The  whole  plant  was 
changed  so  as  to  use  fuel  oil  for  heating  purposes,  avoiding  the  smoke  and 
other  inconveniences  from  burning  coal.  Also  all  the  small  lubricators  were 
diffilaoed  by  one  central  steam  pressure  lubricator  with  lead  pipes  to  the 
various  points  requiring  lubrication. 

Operation. — In  Operation,  the  sand  and  stone  inixtHl  in  the  proper 
proportions  are  run  into  the  dryer  where  the  mixture  i.s  lieated  to  SOO*'  F. 
From  there  it  is  conveyed  to  the  storage  bins  and  thence  to  the  measuring 
bins,  whence  it  is  drawn  off  as  required  to  the  15-cu.  ft.  mixing  drum. 
Materials  are  proportioned  by  weight. 

The  force  employed  at  the  mixer  consists  ordinarily  of  1  foreman  and  34  men^ 
as  follows;  1  cbiet  drum  man,  1  drum  man.  1  kettle  tivmv,  1  rnix«eiX  wx^x^A  \2asAr 
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keeper,  1  material  man,  25  laborers,  1  assistaiit  chemist,  and  2  watchmen. 
The  total  cost  of  labor  employed  at  the  mixer  averages  $00  a  day. 

To  facilitate  the  quick  delivery  of  material  at  the  plant  a  car  tracer  Is 
employed  who  locates  and  keeps  the  cars  in  transit.  This  tracer  uses  a 
motorcycle  and  usually  covers  a  distance  of  75  miles  each  day. 

Mixture. — The  mixture  used  averages  approximately  as  follows: 

Item  Percentace 

Bitumen 6. 6 

Sand 37 . 2 

Stone 62. 3 

FiUer 4.0 

Total 100.0 

The  stone  aggregate  consists  of  clean  crushed  Wisconsin  granite  ranging 
from  H  to  1  in.  in  diameter  which  cost  dettveied  $2.25  i>er  cubic  yard.  Tor- 
pedo sand  i9  used.  Portland  cement  serving  as  filler  to  make  up  the  defi- 
ciency in  fine  material.  The  Mexican  liquid  asphalt  used  for  binder  (penetra- 
tion 60  to  70)  is  delivered  in  tank  cars. 

HavXing. — Ordinarily  about  18  teams  are  employed  in  hauling.  Recently, 
however,  5  ton  Pierce-Arrow  motor  trucks  have  been  used  to  advantage. 
Material  hauled  in  motor  trucks  is  handled  more  quickly  and  arrives  at  the 
point  where  it  is  to  be  laid  in  better  condi^on  than  when  hauled  by  teamfl. 
The  newly  laid  road  is,  however,  subjected  to  excessive  loads  due  to  their  use, 
all  materials  being,  as  far  as  possible,  hauled  over  the  completed  surface. 

Laying  Surfacing. — Surfacing  material  is  delivered  hot  in  tarpaulin  covered 
wagons,  or  motor  trucks,  and  dumped  directly  into  the  prepared  base.  The 
material  is  raked,  smoothed  and  tamped,  to  a  uniform  surface  2  ins.  thick  and 
finished  by  rolling  with  a  6-ton  tandem  roller.  No  paint,  or  finish  coat  of 
bitumen  is  applied,  a  slight  roughness  of  surface  being  desired. 

Force  Employed. — The  day  labor  force  employed  in  preparing  the  old 
surface  and  lajring  the  asphaltic  concrete  is  ordinarily  organized  as  follows: 
1  asphalt  foreman,  2  rakers,  2  smoothers,  2  tampers,  15  helpers,  2  watchm^i, 
and  2  roller  engineers.  By  far  the  larger  part  of  the  work  consists  of  lajing 
the  surfacing. 

Output  and  Coet. — As  a  rule,  in  excess  of  2,000  sq.  yds.  of  2-in.  surfacing,  or 
about  1,000  lln.  ft.  of  roadway  18  ft.  wide,  has  been  covered  each  working 
day  of  9  hours.  The  average  cost  of  all  work  completed,  including  the  prepa- 
ration of  the  old  roadway  and  laying  the  2-in.  asphaltic  concrete  surface, 
has  been  approximately  70  cts.  per  square  yard . 

Suggestions  for  Selection  and  Use  of  Bitaminous  Paving  Equipment. — 
The  following  matter  is  tak^i  from  a  paper  by  W.  8.  (Godwin  imd  published 
in  the  Proceedings  A.  S.  C.  E.,  Vol.  XXXIX,  and  reprinted  in  ETngineering 
and  Contracting,  Dec.  31,  1913. 

Hot  Surfacing  and  Penetration  Methods. — If  pressure  difltrfbntors  are 
equipped  with  interior  steam  coils,  and  sufficient  steam  ia  supplied  to  keep  the 
bituminous  material  at  a  uniform  temperatiire  of  about  280**  F.,  they  are 
capable  of  distributing  the  heavier  grades  for  either  the  hot  surfacing  or  the 
penetration  methods  of  construction. 

The  equipment  generally  used  in  the  penetration  method  has  been  portable 
or  semi-portable  melting  kettles,  having  capacities  ranging  from  50  to  500 
gals.,  and  hand-distributing  pots.  This  method  of  heating  and  applying  is 
expensive  and  the  results  obtained  are  invariably  crude.  The  bituminous 
material  is  often  too  oold,  and,  in  some  cases,  is  overheated  and  damaged. 
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The  arrangement  and  equipment  for  penetration  work  is  most  satisfactory 
when  the  contractor  receives  the  bituminous  material  at  the  nearest  railroad 
siding,  in  6,000,  8,000,  or  12,000-gaI.  tank  cars,  equipped  with  interior  steam 
coils.  A  20-HP.  boiler  may  be  attached  to  the  steam  colls  in  the  tank  car  and 
thus  heat  the  material  to  the  desired  temperature.  If  this  arrangement  is 
provided  at  the  railroad  siding,  the  hot  material  may  be  run  by  gravity  into 
the  distributing  wagons.  If  this  is  not  practicable,  the  material  may  be 
pumped  from  the  car  to  the  wagons.  A  horse-drawn  distributing  wagon  may 
be  hauled  from  the  railroad  to  the  work  and  then  may  be  attached  to  a  steam 
roller.  Bituminous  'material  received  in  barrels  costs  the  contractor  an  addl- 
tlonal  sum  of  at  least  2  cts.  per  gal.  for  each  barrel  and  also  the  freight  on  the 
barrels,  which  is  about  15  per  cent  of  the  gross  weight.  Besides,  he  has  two  or 
more  mating  kettles  to  operate  and  a  very  large  bill  for  fuel  to  heat  them. 

A  20-HP.  boiler  and  a  600-gal.  distributing  wagon  will  cost  about  $1,000, 
and,  with  an  average  haul  from  the  railroad  siding,  should  cover  800  sq.  yds. 
per  hour.  Two  400-gal.  melting  kettles,  at  $400  each,  and  a  dozen  buckets 
and  pouring  pots  will  cost  about  $850,  and  will  not  cover  one-half  as  great  a 
yardage. 

Should  the  extent  of  the  work  not  warrant  the  purchase  of  such  a  plant, 
there  should  be  secured  a  strong,  well-built  500-gal.  melting  wagon  and  a  hand 
distributor,  having  a  capacity  of  at  least  30  gals,  mounted  on  wheels,  and 
having  a  regulating  distributor  at  least  20  ins.  wide.  A  distributor  of  this 
kind  costs  $66,  and  should  pour  250  sq.  yds.  per  hour,  using  IH  gals,  in  the 
Initial  pouring  and  H  g&l-  hi  the  flush  coat.  The  use  of  pouring  pots  should 
be  avoided  if  possible. 

Mixing  Method. — The  cost  of  heating  and  mixing  plants  depends  princi- 
pally on  their  capacity  and  the  care  and  material  used  In  their  construction. 
A  small  portable  batch  heater  and  mixer,  similar  to  a  concrete  mixer,  and 
capable  of  heating  and  mixing  about  7H  tons  per  hour  to  a  temperature  of 
200*^  P..  costs  $1,500.  Mixers  of  this  class  are  only  capable  of  mixing  stone 
which  is  larger  than  yi  in.  As  the  bitumibous  material  Ls  placed  in  these 
mixers  hot.  a  500-gal.  melting  kettle  is  required.  For  close  or  dense  mixtures, 
stationary,  semi-portable  and  railroad  plant  are  used.  Semi-portable  plants, 
comprising  the  heating  drum,  mixer,  melting  tank.  etc..  cost  $7,500.  exclusive 
of  any  building,  and  have  a  capacity  of  about  75  sq.  yds.,  or  7H  tons,  of 
sheet-asphalt  mixture  per  hour.  The  improved  railroad  plants,  which  cost 
about  $12,000,  are  capable  of  heating  and  mixing  sufHcient  asphalt  and  sand  to 
a  temperature  of  325°  F.,  to  lay  175  sq.  yds.,  or  17H  tons,  of  sheet  asphalt 
mixture  per  hour.  The  modem  duplex  stationary  plant,  in  which  the  large 
dryers,  15  cu.  ft.  mixers,  conveyors,  etc.,  are  operated  with  independent 
motors,  cost  about  $33,000,  Including  a  steel  building.  These  plants  have  a 
capacity  of  500  sq.  yds.,  or  50  tons,  of  sheet-asphalt  mixture  per  hour. 

As  mixtures  of  stone  are  laid  at  a  lower  temperature  and  require  less  bitu- 
minous material  than  sheet  asphalt,  the  capacity  of  plants  increases  about  18 
per  cent  when  heating  and  mixing  for  paving  of  this  class. 

In  busring  a  bituminous  mixing  plant  of  any  kind,  the  contractor  or  munici- 
pality should  receive  bids  only  from  companies  which  have  had  considerable 
experience  in  the  manufacture  of  such  machinery.  It  should  be  required 
that  the  plant  be  erected  and  operated  under  the  direct  8uper\'lsion  of  the 
buOder  until  it  has  met  the  guaranteed  requirements.  The  guaranty  should 
be  for  a  certain  number  of  pounds  of  properly  heated  \>^\Sivf»  toJ«\\3c»  ^  ^ 
gpeetOed  temperature,  per  day  of  10  hours,  and  not  9»  c/eiX^n  u>axc&MSr 
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square  yards.  As  all  dense  bituminous  mixtures,  when  compressed  to  2  ins. 
weigh  very  nearly  200  lbs.  per  sq.  yd.,  this  portion  of  the  guaranty  can  easily 
be  changed  from  square  yards  to  something  which  is  definite  and  easily  ascer- 
tained. The  contract  should  also  state  the  maximum  quantity  of  fuel  to  be 
consumed  in  24  hours,  and  last,  but  not  least,  the  date  when  the  finished  idant 
will  be  completed,  erected,  tested,  and  ready  to  run  to  the  guaranteed  capacity. 

Cost  of  Asphalt  Block  Pavement  Laid  on  Sand  and  Loam  Base. — ^Engi- 
neering and  Contracting,  Feb.  6,  1918,  publishes  the  following  data: 

Asphalt  block  pavements  laid  at  Savaimah,  Oa..  on  a  natural  base  have 
proved  remarkably  successful.  The  earliest  pavement  of  this  type  was  put 
down  on  GastcMi  street  in  1906  and  is  now  in  excellent  condition.  On  several 
streets  where  this  pavement  has  been  laid  there  has  been  no  maintenance  cost. 

The  success  at  Savannah  is  attributed  largely  to  the  character  of  the  soil 
upon  which  the  block  is  placed.  This  foundation  consists  of  sand  intermixed 
Mdth  a  small  amotmt  of  loam.  Where  clay  has  been  encountered  there  have 
been  some  failures,  due  to  moisture  getting  imder  the  blocks  and  allowing  a 
rocking  motion.  With  the  sand  loam  streets  excellent  drainage  is  afforded, 
which  is  absolutely  necessary  for  the  success  of  asphalt  block  pavement  laid 
on  the  natural  base.  It  is  stated  that  success  is  not  attained  if  the  block  is 
placed  upon  pure  sand,  for  there  is  a  creeping  movement  and  the  blocks  are 
not  held  firmly  in  place. 

The  method  employed  in  Savannah  in  laying  the  asphalt  block  pavement  is 
as  follows: 

The  street  upon  which  the  block  is  to  be  laid  is  graded  to  approximately  the 
established  sub-base  grade,  curbing  and  catch  basins  are  installed  and  then, 
the  street  is  thoroughly  puddled  and  then  rolled  over  and  over  with  a  10-ton 
roller.  If  any  portion  settles  below  the  sub-grade  base,  material  is  added  and 
this  is  compacted  firmly  by  rolling  and  puddling.  Grade  pegs  are  then 
instrumentally  set  and  the  surface  is  carefully  screeded  or  shaped  to  the  sub- 
base  grade  with  templates,  care  being  taken  that  no  foreign  material  is  left 
upon  the  surface  of  the  base.  After  this  the  blocks  are  carefully  laid,  one 
man  following  the  pavers  driving  the  blocks  on  the  edge  so  as  to  have  as  ti^t 
joints  as  practicable.  Then  the  surface  of  the  block  is  rolled  with  the  lO-ton 
roller.  River  sand  is  then  used  for  filling  the  joints,  and  is  left  on  the  surface 
for  10  days  to  two  weeks  before  it  is  cleaned  off. 

The  average  cost  per  sq.  yd.  of  as];^alt  block  pavement  laid  in  1916  was  as 
follows: 

Labor:  Per  sq.  yd. 

Watchman $0. 010 

Grading .080 

Shaping  base .  010 

Rolung  foundation .010 

Laying  block .  112 

Paving  backs  at  street  intersections .  002 

Placing  sand  and  filler .  002 

Cleaning  up .  008 

Total $0,234 

Material: 

Asphalt  block $1. 540 

Sand .006 

Use  of  equipment ^ .  030 

Small  tools,  coal,  etc .  001 

Total $1,576 

Grand  total,  per  sq.  yd 1 .  81 
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The  asphalt  block  pavinfi:  Rang  consisted  of  a  foreman  who  was  paid  $-1 
r  day,  block  layers  paid  $3  i)er  day  and  onlinary  laborers  at  $1.75  per  day. 
le  steam  roller  men  were  paid  83  i>er  day.  The  size  of  the  gang  usually 
DHiBted  of  20  to  25  laborers,  including  the  driyers  of  teams  or  carts. 
Cost  of  Asphalt  and  Brick  PaTements.  at  Flint,  Mich. — The  following  data 
e  taken  from  an  article  by  Clarence  E.  Ridley  in  Engineering  Record,  June 
).  1916. 

Quantitu  of  Work  Completed. — The  total  amount  of  pavement  built  by  the 
ty  by  day  labor  during  the  1916  season  was  90.031.8  sq.  yd.,  of  which  73,- 
)9.6  sq.  yd  was  sheet  asphalt.  In  addition  the  city  also  constructed  sewers, 
dewalks.  bridges  and  other  work,  bringing  the  total  cost  to  $322,920.08.  At 
le  same  time  there  was  spent  on  contract  work  $135,320.42,  thus  making 

«he  total  cost  of  hnprovements  for  the  fiscal  year  ended  Feb.  29th,  1916, 

S458.240.r)0. 

The   overhead   engineering   on   all   of   the  foregoing  work  amounted  to 

$7,095.76,  or  1.5  per  cent  of  the  value  of  the  work  done. 

In  order  to  afford  a  comparison  of  the  figures  on  unit  costs  there  are  given 

In  Table  XVII  the  cost  of  materials  and  labor  used  in  the  construction  of 

I>avements,  all  the  material  prices  being  f.o.b.  Flint,  except  that  for  cement, 

which  is  the  price  delivered  on  the  line  of  work. 

Tablb  XVII. — U.viT  Costs  or  Road  Wobk 
Asphalt,  per  ton: 

Bermudes $29.36 

SUndsrd 13.91 

Trinidad 21 .  37 

Texaco 14. 11 

Fluzinc  oil,  per  ton 8 .  85 

Binder  stone,  per  ton 1 .  28 

Limestone  dust,  per  ton 4.10 

Asphalt  sand,  per  cu.  yd 1 .  09 

Concrete  gravel,  per  ton 0. 83 

Paving  brick,  per  sq.  yd 0. 88 

Cement,  per  bbl 1 .  29 

Laborers,  per  hr.  for  10-hr.  day 0. 25 

Teams,  per  hr.  for  10-hr.  day 0. 55 

Ab  the  total  excavation  for  paving  was  more  than  50,000  cu.  yd.,  and  as  but 
one  steam  shovel  was  available,  it  was  necessary  to  use  hand  labor  on  about 
two-thirds  of  the  work.  In  the  selection  of  streets  the  hand  labor  was  favored 
at  all  times,  which  makes  the  saving  shown  by  the  steam  shovel  even  larger 
than  is  indicated  by  the  figures  in  Table  XVIII.  In  addition  to  the  excavation 
it  was,  of  course,  necessary  to  have  a  hand  crew  working  ahead  of  the  steam 

Tablb  XVIII. — Comparattve  Costs  of  Steam-Rhovel  and  Hand  Excavation 

Steam-Shovel  Excavation 

Total  cubic  yards 10.838. 9 

Labor  cost^ $  4.965.01 

Average  co«t  per  cu.  yd 0. 295 

Averaice  cost  per  sq.  yd.,  finish  grading 0.042 

Total  average  labor  coat  per  cu.  yd 0 .  377 

Average  cost  of  fuels,  oil8.  etc.,  per  cu.  yd. ..... 0.015 

Reimbursement  of  equipment  fund  for  depreciation  and  repairs.  0.033 

Total  average  cost  of  excavation  per  cu.  yd 0.426 

Hand  Exratatton 

Total  cubic  yards 34 .46-1 . 6 

Labor  cost %\b ,<i\^.V^ 

Aver/vc  coat  per  cu.  yd ^  A^ 

Avenge  rottt  per  aq.  yd.,  finiBh  grading ^  .WA 

ToijU mverage  labor  coHt  per  cu.  yd .  .    .  ^.W^ 

'^SwS/^iSf"^  ^^  equipnjf/it  fund  tor  deprpciation  and  TopkiraW  ^'^S 

TotMl  avenge  coat  of  excavation  per  cufyd  .    ^  •^'^ 
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Tolle^  putting  the  sul^iade  In  cHidltloD  lot  concrete.  It  will. also  be  noted 
that  the  coat  of  tills  ftnlBhed  gradlufi  on  worlc  done  b7  the  ateam  aborel  to 
one-third  lees  than  on  the  streets  eioT&led  b;  hand. 

These  costs  show  tbal  h&d  all  the  excavation  been  done  by  iteam  shovel  > 
BavlngiDcentsof  17.3  times  34,4S4.Svould  bore  been  made,  which  smounts  to 
tS,962.3e.  Thus,  If  a  new  machine  had  be«l  bousht,  Its  coat  would  have  been 
caved  In  a  single  season. 

Coa  of  Curb  iFffrJt.—'With  the  exception  of  six  Btreeta  on  irhlch  brick  p&ve- 
ment  and  stone  curbing  were  used,  and  two  otben  having  straight  concrete 
curbs,  a  combhied  curb  and  gutter  wsa  used.  Two  gangs  of  fifteen  men  each 
were  working  on  this  [eature  of  the  paving  almost  all  season.  Bj  having  a 
finisher  on  either  side  of  the  street  the  graders  could  follow  the  curb  gangs  very 
closely.  An  averageof  400ft.  perdarwasplaced.  Tbe  unit  cost  of  l^ior  and 
material  for  this  work  Is  as  shown  In  Table  XIX. 

Tabu  XIX. — Cost  or  Cokbinkd  Cvbb  mo  Gdttbb 
Total  Ui 
Tolalnumberof  w.|[OB  loads  (IJJicu.  yd.)  gwvel "2:371  _ 


mbir  of  W.KOD  loads'  UJi*  ™."  yd.) 

rivei.-.-. 

length  in  It.  built  per  load  of  (rave 

leoKth  in  ft.  ofcurb  sod  «utt«  per 

n«nt 

Total  sverace  coet  of  «u 


Catl  of  Concrett  Founda/ioni. — A  6-hi.  concrete  base  Of  1: 3:  S  mixture  was 
placed  on  all  the  streets.  The  gravel  was  unloaded  from  cars  and  delivered  on 
the  line  of  the  work  by  teams  and  wagons.  The  average  length  of  haul  was 
0.47  miles,  and  the  average  cost  per  ton-mile  was  3B.6  cents.  It  will  be  noted 
that  for  this  length  of  haul  the  cost  falls  very  close  to  the  ton-mileage  curve 
plotted  tor  hauling  asphalt.  Table  XX  gives  the  cost  of  the  concrete  work  tor 
the  year, 

Tablb  XX. — Cost  of  Cokcbttb  Found 


0,031.8 
SM.O 


loads  (IH  cu.  yd.)  iravet. . 


loads  (IH  cu.  y< 

!.a™'ToMl!1'n  ™'' 

r~  "-Jon  load  on  tr 

verage  cost  per  wsbdh  for  delivej 
ost  of  gravel  on  Iraclu  per  ton . . . 


Amount  of  gravel  per  sq.  yd.  foundationi'lnit.:. '.,'.!!  !i  !.'!!!;!!!  587 

I^mt  ol  gravel  per  aq.  yd.  on  track -.-.-,  SO 

3oBt  o'  unloading  and  deliveriog  on  street  per  sq,  yd - 0 

Total  average  coet  of  gravel  per  sq.  yd O 

Cost  of  water  per  sg.  yd 0 

"      ber  of  sq,  yd.  foundation  per  bbl.  cement B 

!./i;,- 'S 


i^i/L 


Total  a' 
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Briek  aurfisBtHo.— It  htm  alraady  bMQ  stated  ttukl  tmt  16.389^  iq.  yd.  of 
tnlck  p»yemeiit  was  laid.  As  this  amounted  to  only  about  18  per  coit  of  tlM 
total  paving  and  was  made  up  of  comparatively  small  Jobs,  its  cost  is  not  as 
low  for  this  dass  of  work  as  the  main  surfacing  costs  are  for  asphalt  paving 
work.  The  average  cost  cyf  brick  paving,  with  a  stone  curb  and  6-in.  founda- 
tion, excluding  the  cost  of  excavation,  was  $2,128  per  square  yard.  The 
amount  of  material  per  square  yard  of  surface  was  40  bilck,  Ko  bbl.  of  cement. 
Hs  load  of  cushion  sand  and  Hoo  load  of  slushing  sand.  The  cost  of  material 
and  labor  for  tbese  items  per  square  yard  is  shown  in  Table  XXI. 

Tablb  XXI. — Coer  or  Bbicx  SuarAcnrG 

Brick,  f.  o.  b.  Flint 80.88 

Delivering  brick  on  line  oi  work 0.08 

Cement 0.08 

Cnsliion  sand 0.04 

Blushing  sand ^ 0.01 

fixing  saod  bed.  lasring,  rolling  and  slushing  brick 0. 18 

Total  average  cost  <n  brick  surface $1 .  20 

Soring  on  Shed.  AephaU. — The  greatest  saving  was  made  on  sheet-asphalt 
■urfaoe.  Enough  money  was  made  on  this  work  alone  to  more  than  pay  fOr 
the  plant  and  equipment  twice  over.  Exclusive  of  grading,  the  avenge  cost 
of  asphalt  paving  was  $1.61  per  square  yard.  All  of  the  sheet-asphalt  pave- 
ments were  laid  in  residence  districts  with  widths  of  24  and  26  ft.  Texaco 
asphalt  was  generally  used  in  the  binder  with  an  average  penetration  for  the 
season  of  75.6.  Mexican  asphalt  mixed  half  and  half  with  dther  Bermudez  or 
Trinidad  was  chiefly  used  in  the  top  with  an  average  penetration  of  65.3.  An 
average  of  24.9  per  cent  of  the  sand  used  passed  an  eighty-mesh  screen,  and 
20.3  per  cent  of  the  total  aggregate  used  passed  tbJs  screen. 

The  percentage  of  bitumen  for  the  season  averaged  10.9.  The  total  cost 
of  the  plant  and  equipment  is  listed  in  Table  XXII. 

Tabus  XXII. — Cost  or  Aspbai^t  Plant 

Original  cost  of  plant  erected $9 , 245. 00 

Cost  of  foundation 380.76 

Kettle  shed 493. 92 

Buildings  (oflSce,  engine  room  and  limestone  dust  shed).        742.88 

Flux  oiftank 302. 89 

Miscellaneous  equipment  for  plant  and  street 638. 14 

Total  cost  of  plant  and  equipment $11,808.50 

Cost  of  five  asphalt  wagons $    824. 76 

Cost  of  asphalt  roller 2.360.00 

Total  cost  of  street  equipment $3. 174.76 

Grand  total $14 .978. 35 

Of  the  above  items  of  plant,  the  equipment,  asphalt  plant,  wagons  and  roller 
were  allowed  a  depreciation  of  20  per  cent,  and  the  rest  a  depreciation  of  10 
per  cent,  amounting  in  all  to  $2303.63.  The  a/q>halt  plant  is  located  on  the 
Pere  Marquette  Railroad,  as  near  the  center  of  the  city  as  possible.  The 
average  hauling  distance  during  the  past  season  was  0.96  miles,  but  erne  haul 
cyf  more  than  2  miles  and  one  of  lees  than  ^  mile  occurred.  The  average  cost 
of  delivering  the  asphalt  during  the  year  amounted  to  23.7  cents  per  ton- 
mile.  The  asphalt  surfaces  placed  consisted  of  IH  in-  of  binder  and  a  1-in. 
top.  The  average  amounts  of  material  used  and  cost  per  square  yard  of 
surface  are  given  in  Table  XXIII. 

The  total  yardage  ofabeet  asphalt,  73,700.6,  times  the  dtflei«XiOb  VskWubcooc 
tract  price  offered  tor  the  work  and  the  actual  coat,  3B  oeuts  v^x  «K\w«x^iax< 
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equals  $28,043.85.    Less  $2,803.63  depreciation,  this  amounts  to  $25,240.22 
saved  on  the  asphalt  surfacing  alone. 

Table  XXIII. — Average  Amou^jts  op  Material  Used,  and  Total  Cost  per 

Square  Yard 

Amount       Cost  Cost 

per  sq.  yd.   per  lb.     per  sq.  yd. 


5.47  lb. 
.  15  lb. 


f 0.007055  $0.03859 
0.004425  0.00066 
0.000425  0.00695 
0.000640  0.05740' 


Binder  Material 

Texaco  asphalt 

Fluxing  oil 

Sand 16. 35  lb. 

Binder  stone 89 .  70  lb. 

Cost  of  material  in  binder .* $0 .  1036 

Top 
One-naif      Trinidad      and      one-half 

Mexican 18.50  1b.     0.008820     0.16317 

Fluxing  oil 2.20  1b.     0.004425     0.00973 

Sand 147.15  1b.     0.000425    0.06264 

Limestone  dust 15.20  1b.     0.002050    0.03116 

Material  in  top $0. 2666 

Coal,  electric  power  and  water 0 .  0200 

Labor  at  plant * 0.0844 

Labor  on  street 0.0668 

Teaming 0.0330 

Salary  of  expert,  engineer  in  charge  and  assistants 0.0300 


Total  average  cost  of  asphalt  pavement  per  square  yard $0. 6044 
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Distance  from  Plonf  in  Miles 
3. — Cost  of  delivering  asphalt. 


Cost  of  Sheet  Asphalt  PaTement  at  Montreal,  Que. — ^Engineering  and  Con- 
tracting, Jan.  3,  1917,  publishes  the  following  data. 

The  introduction  of  a  cost  keeping  system  and  a  consequent  better  method 
of  handling  construction  has  resulted  in  a  marked  reduction  in  the  cost  of  sheet 
asphalt  pavement  in  the  ci< 
pavement  was  $2.79  p«r 
23.6  per  cent  over  thf 
The  pavement  consist 
wearing  surface.    The 


Montreal,  Que.    JOk  1914  the  total  cost  of  this 

;yard.    In  J^'^^'^ifcros  $2.13.  a  reduction  of 

prevlo#  7!  in  1916  It  was  $1.93. 

M  6  conC  ^  l^in.  binder  and  a  2-in. 

^Irtlowixi  \aiXA'. 

iVJLi  ^ 
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Plant  Daily 

built,  capacity, 

Division  year  yds.  Cost 

£.naX 1903  1,000  $16,000 

West 1900  1,500  22,000 

North 1914  2.000  28.000 

Portable 1914  1,500  26,000 

During  1915,  600.000  sq.  yd.  of  sheet  asphalt  pftvement  were  laid.  The 
detailed  cost  of  the  work,  according  to  a  paper  presented  at  the  annual  con- 
vention of  the  American  Society  of  Municipal  Improvement  by  Paul  £. 

Mercier,  Chief  Engineer  of  the  city,  was  as  foUows: 

Per  sq.  yds., 
cts. 
Qkadino 

Foremen 2.4327 

Timekeepers .  1166 

Engineers 1500 

Layers 0477 

Drillers 0689 

Water  boys 0742 

Watchmen 1 .9186 

Laborers 26.9240 

Teamsters 17 .  5536 

Material 

Sundries 0.4081 

Repairs,  int..  etc _ 3.2913 

Total  grading 52.9947 

Foundation 

Foremen 1 .  6340 

Timekeepers .1 140 

Engineers .  6555 

Layers 0285 

Watchmen 1 .  9000 

Laborers 11. 6565 

Teamsters 13.1195 

Autos 0380 

Stone 16 .  2830 

Sand 15.0575 

Cement 27 .  8350 

Sundries 2. 2705 

Repairs,  int.,  etc 4.8080 

Total  foundation 95. 4130 

SURFACX 

Foremen .  5873 

Timekeepers .  1097 

Engineers .  6454 

Spreaders 1 .  4263 

Tampers 8003 

Watchmen 4131 

Laborers 2 .  8913 

Teamsters 7099 

Autos 1 .  2849 

Material 

Asp.  bin.  and  wear 52 .2193 

Sundries 1 .4844 

Repairs,  etc 1 .  9878 

Total  surface 64 .  4754 

GradinR,  Foundation,  Surface,  Total 

per  sq.  yd.,  per  sq.  yd.,  per  sq.  yd.,  pwr  sq.  yd., 

ct.                     ct.  ct.  ct. 

Labor 49.2953           29.1690  8.7839  87.2382 

Material 59.1755  52.2193  111.3948 

Sundries JL^^            7.0786  Z.^%1  \K  .1^\ 

Toua 52.9947           95.4130  04. 4T^  'iVl.^^i^ 
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The  cost  of  material  and  the  wages  in  1915  were  as  follows: 

Bitumen — $14.25  per  ton  f.o.b.  plant. 

Sand — 75  to  98  eta.  per  ton  f.o.b.  plant. 

Stone — $1.10  to  $1.70  per  ton  f.o.b.  plant  or  works. 

Stone  dust — $5.45  per  ton  f.o.b.  plant. 

Flux — 10^^  cts.  per  imperial  gallon. 

Cement — $1.71  per  barrel  f.oJb.  plant  or  works. 

Laborers — ^25  csts.  per  hour. 

Teamsters — 60  cts.  per  hour. 

As  noted  previously,  the  unit  cost  of  the  sheet  asphalt  laid  in  1916  was  $1.98 
per  square  yard.     In  further  detail  the  cost  was — 

Grading,      Foundation,       Surface,  Total, 

per  sq.  yd.,    per  sq.  yd.,    per  sq.  yd.,      per  sq.  yd., 
ct.  ct.  ct.  ct. 

Labor 32.8257  26.9681  12.8364  72.6302 

Material 6671  50.3406  60.6638         111.6614 

Sundries 3.8084  3.7504      "1.4692  9.0280 

Total 37.2912  81.0590  74.9694         193.8196 

The  cost  of  ii^aterlal  and  wages  for  1916  was  as  follows: 

Bitumen — $19.33  f.o.b.  plant. 

Sand — 75  cts.  to  $1.10  f.o.b.  cai-s  or  wharf. 

Stone — $1.00  to  $1.40  f.o.b.  plant  or  works. 

Stone  dust — $4.90  f.o.b.  plant. 

Flux — lO^i  cts.  f.o.b.  plant  per  imperial  gallon. 

Cement — $1.76  f.o.b.  plant  or  works  per  barrel. 

Laborers — 25  cts.  per  hour. 

Teamsters— 60  cts.  per  hour. 

Cost  of  Constructing  an  Asphalt  Surface  Drive  with  Sunken  Concrete 
Curb. — W.  T.  Colman  and  M.  H.  West  furnished  the  following  information 
and  costs  published  in  Engineering  and  Contracting,  Feb.  15,  1911. 

Among  the  numerous  improvments  and  extensions  made  in  the  drives 
of  Lincoln  Park,  Chicago,  was  the  construction  of  a  40  ft.  drive,  which 
extended  the  Sheridan  Road  pavement  for  a  distance  of  4,631  ft.  The 
design  of  the  street  is  unique  in  that  it  is  so  built  as  to  allow  the  water  to  run 
off  the  street  onto  the  lawn  at  the  side,  which  is  graded  so  as  to  form  a  hollow 
along  each  side  of  the  road.  The  road  is  40  ft.  wide  with  a  7-in.  crown,  and 
has  2  ins.  of  asphalt  on  an  8-in.  base  of  crushed  stone.  At  the  sides  of  the 
drive  are  reinforced  concrete  curbs  5  ins.  thick,  extending  from  the  surface  of  the 
street  24  ins.  deep.  The  top  K  in-  of  the  curb  is  surfaced  with  a  grout  con- 
taining H  lb.  of  lamp  black  per  bag  of  cement,  for  the  purpose  oi  giving  the 
top  of  the  curb  the  same  appearance  as  the  asphalt  street. 

The  material  upon  which  the  road  was  built  consists  of  a  gumbo  clay.  A 
stretch  of  about  300  ft.  of  this  had  to  be  taken  out  to  a  depth  of  from  3  to  6 
ft.  because  the  15-ton  roller,  used  on  the  crushed  stone  base,  could  not  produce 
a  satisfactory  surface  on  account  of  the  soft  clay.  A  15-ton  Springfield  roller 
was  used  for  the  stone  and  a  5-ton  roller  on  the  asphalt.  The  stone  was 
brought  in  barges  from  the  Artesian  Stone  Co.'s  plant  on  the  Chicago  Drainage 
Canal  and  landed  at  the  park  docks.  At  the  docks  the  barges  were  unloaded 
with  a  clamshell  bucket  operated  by  a  derrick  and  the  material  dumped  into 
an  elevated  bin  of  about  10  cu.  yds.  capacity.  Troy  wagons  were  driven  under 
the  bin  to  receive  their  loads.  The  road  work  paralleled  the  shore  line  of  the 
lake  at  only  a  short  distance  from  it  so  the  length  of  haul  was  not  great. 

Curb. — The  concrete  curb  was  formed  by  16  ft.  panel  forms  of  which  there 
were  about  500  lin.  ft.  employed.    The  curb  was  reinforced  with  three  H-in* 
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square  ban  as  shown  in  the  aooompanylng  section  of  the  street.  These  were 
20  ft.  long  and  lapped  6  ins.  at  the  ends.  They  were  suspended  in  the  fonns 
in  temfilets  made  of  a  H-^  pidoe  of  pine,  which  was  left  in  place  to  form  the 
expansioo  Joint. 

The  cost  of  excavation  for  the  curb  is  included  in  the  cost  given  for  the  curb 
itself,  and  that  for  placing  the  stone  includes  the  cost  of  the  preparation  of  the 
road  bed  for  receiving  the  stone.  In  this  work  a  large  amount  of  local  rubble 
stone  was  mixed  in  with  the  crushed  stone,  the  object  being  to  fill  up  the  deeper 
places,  as  far  as  possible,  with  local  nuiterial. 


4M  — 
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FiQ.  4. — Section  of  asphalt  surfaced  drive  showing  sunken  concrete  eurb. 


The  building  of  the  concrete  curb  was  started  on  April  14,  1010,  and  was 
completed  June  20th.  The  costs  of  the  0,263  lin.  ft.  of  curb  follow.  Fore- 
men's rates  are  monthly  and  sub-foremen  daily: 


Labor 


Time, 


Rate 


Engineering hrs. 

Foreman 01 

Sub-foreman 666H 

Dump  wagons 343 

2-^heeled  wagons 112 

Common  labor 24 

Common  labor 032 

Common  labor 382 

Common  labor 17 ,  500 

SkiUed  Ubor. 

Carpenters 253 

Carpenters 66 

Timekeepers 13 

Timekeepers 73 

Teamster 3 

Teamster 820 

Tools 


$125.00      mo. 
3.00      day 

.66H  hr. 

.  12H  br. 

.38h  hr. 

.30      hr. 
2.50      day 

.25      hr. 

.62H  hr. 

.60      hr. 

55.00      mo. 

55.00      mo. 

2.62Hday 

60.00      mo. 


Total  cost 

Labor  cost  per  lin.  ft 

Material  Quantity 

Cement  at  $1.25  per  bbl 405 

Cntsbed  stone  at  $1.50  per  cu.  yd 318 

Torpedo  sand  at  $1.60  per  cu.  yd , 213 

Lamp  black  at  $0.08  per  lb 124^^ 

Reimorcement  rods  at  $43.00  per  ton 12. 64 

Total 

Cost  of  material  per  lin.  ft 

The  cost  of  form  lumber  is  not  included. 


Unit  Costs  of  Curb 


Engineering 

Foremen 

Carpenter  labor . 
Common  labor. . 
Transportation . 
Miscellaneous.. . 


Total  labor 

Material 

TotmJ.eoet  per  lin. 


ft. 


Total 

$     136.47 

48.00 

222.16 

228.67 

14.00 

0.20 

270.60 

106.11 

4.305.00 

167.50 
33.60 
3.06 
20.40 
.87 
81.56 
10.24 

$5,881.50 
...  $0.64 

Price 

$     621.88 

477.00 

340.80 

0.04 

548.52 

$1,003.14 
.21 


Cost  per 
lin.  It. 
$0,005 
.020 
.022 
.617 
.055 
.015 
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Crushed  Stone  Base. — The  work  of  placing  stone  was  carried  over  from  ^ba 
previous  year  at  which  thne  some  stone  had  been  deposited  for  use  at  various 
Intervals  of  thne.  The  stone  was  placed  on  the  road  about  8  ins.  thick  and 
covered  an  area  of  23,160  sq.  yds.  The  costs  of  this  work,  which  follow, 
include  the  local  rubble  stone  which  was  also  placed  in  the  work  to  help  fill  out. 

Labor  Time,  hrs.  Rate  Total 

Engineering $      220. 37 

Foreman 13H  $160.00      mo.  8.67 

Foreman 284  125.00      mo.  144.87 

Foreman 614  3.00      day  171.60 

Sub-foreman 170  2.40      day  61 .  15 

Sub-foreman 99H  2.26      day  27.98 

Double  teams 1,629  .66^  hr.  1,019.33 

Double  teams.... 2,331  .25      hr.  682.87 

Single  teams 249  .  12H  hr.  31.31 

Common  labor 98H  . 38^  hr.  37.94 

Common  labor 69  .  80      hr.  17 .  70 

Common  labor 332  2.60      day  92.63 

Common  labor 267  .26      hr.  6,314.26 

Skilled  labor 

Steam  roller  engr 928H  . 50      hr.  464.26 

Timekeeper 28  .56      hr.  -56.64 

Timekeeper 2T  65.00      mo.  7.48 

Teamster 153  2.62H  day  44.77 

Teamster 2,446H  60.00      mo.  619.76 

Tug 28  3.86      day  107.80 

Scows 50  ds.  4.34      day  217.00 

Derrick. 24  ds.  20.47  473.88 

7  stone  scows 45.00  316.00 

Tools 664.71 


Total  cost $11,600.66 

Total  labor  cost  per  sq.  yd. $         0. 498 

Material  Quantity  I*rice 

Crushed  stone  at  $1.66  per  cu.  yd 17.6  $      28.87 

Crushed  stone  at  $1.50  per  cu.  yd 3,463.78  5,181.68 

Crushed  stone  at  $1.40  per  cu.  yd 464.25  649.95 

Crushed  stone  at  $1.00  per  cu.  yd 167.50  167.50 

Crushed  stone  at  $0.70  per  cu.  yd 3,885  2,719. 60 

Crushed  stone  at  $1.50  per  cu.  yd 71.64  107.56 

Total $8,856.06 

Cost  of  material  per  sq.  yd $        0.394 

UNrr  Costs  of  Cbubhxd  Stonb  Babb 

Cost  per 
sq.  yd. 

Engineering $0,010 

Foremen .020 

Skilled  labor 049 

Common  labor .284 

Transportation .089 

Miscellaneous .046 

Total  labor $0,498 

Material  per  sq.  yd .  394 

Total  cost  per  sq.  yd.  8"  deep $0,892 

The  70  ct.  stone  was  that  brought  by  barges  from  the  Drainage  Canal  and 
the  price  is  for  stone  at  the  quarry.  The  $1.00  stone  was  purchased  from  a 
material  yard  and  does  not  include  hauling.  The  other  stone  items  show 
the  prices  paid  for  stone  delivered  from  various  material  yards  at  different 
seasons  of  the  year. 
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A«]iikott.— The  total  amount  ol  asidiali  upon  the  street  amounted  to  22^18 

sq.  yds.  and  was  placed  2  ins.  thick.    The  material  was  mijied  in.  a  link  Belt 

Co.  asphalt  mixer  in  the  following  proportions: 

Lbs. 

1  part  torpedo  sand 168 

1  part  bank  sand 188 

3  parts  H"  stone 5(H 

An>halt ,  ,81 

Total'?  cu.  ft.  or  1  box 821 

The  asphalt  used  was  a  fluxed  OUsonlte.  Part  of  the  work  was  done  with 
Sarco  and  part  with  Pioneer  asphalt.  Although  the  work  has  not  yet  been 
laid  one  year,  it  has  nevertheless  shown  no  signs  of  wear  or  deterioratiDn 
under  a  heavy  automobile  trafflc.  The  asphalt  work  was  commenced  April 
28tli,  and  was  completed  July  9th,  1910.    The  costs  follow: 

Time 

Labor                                                hra.  Rate  Total 

Eagiiieeriiig 8      87.18 

Foreman 566H  $160.00      mo.            8    882.01 

Sub-foreman 2  125.00     m0.  1.07 

Sub-foreman 28  8.00     day  8.88 

Sub-foreman 4  2.60     day  1.10 

Troy  dump  wagons 430  .06H  hr.  188.20 

Troy  dump  wagons 421H  .25      hr.  105.88 

Tw<MRrheel  carts 469  .12Hhr.  67.i68 

Common  labor 1 ,570  .38      br.  608. 10 

Common  labor 18  .85     hr.  6.80 

Common  labor 1.510  .30      hr.  453.00 

Common  labor 13  2.50     day  8.61 

SkiUed  labor 16.122H  .25      br.              4,030.68 

Timekeeper 07  65.00      mo.  25.26 

Steam  roller  engr 1.886H  -60      hr.  918.25 

Maehineman 438  3.15     day  158.12 

Maehineman 325  2.80     day  100.17 

Teamsters 8  2.62      day  2.84 

Teamsters 878  60.00      mo.  224.70 

Tooh 479.88 

Derrick 60.00 

Total  cost $7,817.84 

Labor  cost  per  sq.  yd 80. 852 

Material  Quantity  Prioe ' 

Torpedo  sand  at  $1.60  per  cu.  yd 495.2  8    724.87- 

Bank  sand  at  $1.60  per  cu.  yd 459.2  505.12 

Crashed  stone  at  $1.50  per  cu.  yd 371.0  666.60 

Crushed  stone  at  $0.70 per  cu.  yd 940.1  658.08 

Granite  screenings  at  $3.75  per  cu.  yd 109. 5  409. 80 

Sareo  asphalt  at  $24.00  per  ton 52.91  1 ,269.84 

Pioneer  asphalt  at  $19.44  per  ton 239.85  4.663.32 

Total  cost  of  material $8,786.82 

Cost  of  material  per  sq.  yd $      0. 894 

Cost  of  labor  ana  material  per  sq.  yd 0. 746 

Per  sq.  yd. 

Engineering $0,003 

Foreman .017 

SkiUed  Ubor 284 

Common  labor .048 

Transportation .026 

Misoeuaneous. . . .  / .024 

Total  labor  per  sq.  yd $0,352 

Material .3tt4 

Total  coBt  per  bq.  yd V^  .1^& 

00 
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SumcABT  or  Costs 

Labor  on  stone,  per  sq.  yd $0,498 

Labor  on  asphalt,  per  sq.  yd .352 

Stone  for  base^  per  sq.  yd '. . . .  .  304 

Asphalt  material,  per  sq.  yd .  304 

Total  cost  per  sq.  yd $1 .  638 

Labor  cost  on  curb,  per  lin.  ft .64 

Material  cost  on  curb,  per  lin.  ft .21 

Total  cost  of  curb  per  lin.  ft $0. 85 

The  above  figures  are  based  upon  a  nine  hour  day. 

Plant. — ^The  plant  used  on  the  work  is  the  property  of  the  Lincoln  Park 
System.  All  repairs  and  o];)erations  are  charged  into  the  work  but  no  charge 
for  depredation  is  made  against  the  work. 

The  cost  of  the  plant  is  as  follows: 

Link  Belt  Co.,  asphalt  mixer $  5 ,  500 

Gasoline  tractor 1 ,  200 

6-ton  roller 1 ,800 

Ifi-ton  roUer ^ 1 ,  600 

Asphalt  tanks  ana  tools 1 ,  000 

Totel  value  of  plant $11 ,000 

Cost  of  Asphalt  Street  with  Concrete  Base  and  Oiitters.^-The  following 
data,  given  in  Engineering  and  Contracting,  March  15,  1011,  refers  to  a 
half-mile  extension  of  a  street  bordering  Lincoln  Park,  Chicago.  The  work 
comprised  the  removal  of  an  old  pavement,  the  preparation  of  the  subgrade 
for  the  new  pavement  27  ft.  wide  with  a  6-in.  concrete  base  and  2-in.  wearing 
surface  of  asphalt  and  a  combination  concrete  curb  and  gutter. 

The  work  was  done  by  force  account  by  the  Lincoln  Park  Commissioners, 
of  which  M.  H.  West  was  Superintendent  and  Fred  Howitt  Engineer  of 
Parkways. 

Curb  and  OtUter. — ^The  concrete  curb  and  gutter  work  was  commenced 
Sept.  20  and  completed  Dec.  1,  amounting  in  all  to  4,708  lin.  ft.  The  cost 
was  as  follows: 

Cost  per 
Labor  lin.  ft. 

Engineering $0.0106 

Foreman,  i)er  mo.  $76 0.0270 

Oouble  teams,  per  hr.  $0.66H 0.0001 

Single  teams,  per  hr.  $0.33H 0.0000 

I!ommon  labor,  per  hr.  $0. 25 0. 1006 

Jkilled  labor,  per  hr.  $0.30 0.0026 

nmekeeper,  per  mo.  $66 0.0010 

Total  labor $0.3400 

Cost  per 
Material  tin.  ft. 

117  cu.  yds.  gravel  at  $1.60 $0.0878 

08  ou.  yds.  torpedo  sand  at  $1.60 0.0381 

24  cu.  yds.  stone  at  $1.50 0.0076 

273  bbls.  cement  at  $1.35 0.0782 

Lumber ?-5?!S 

Steel • 0.0172 

Lamp  black 0.0046 

Tools 0.0016 

Total  material $0.1878 
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fi«bgrad0.p— The  enmvalioii  moA  pnpKnMoa  of  thB  Mtbgnde 
nol  beguB  imUl  the  curb  and  gutter  work  was  tbout  lialf  eompleted  oA 
Nor.  1.  Tlie  pieparattoo  of  the  ■ubgnde  farolTed  the  nmovBl  of  oM  mttCh 
mdua  end  eonie  <^  oedar  Mode  iNkTemeiit.  It  li  estfanaled  that  the  enfiM 
area  waa  excavated  about  0  ioa.  deep.  The  aorphu  material  was  loaded  by 
hand  into  wagons  and  wa^oarted  about  HtoH  mAe  to  the  lakie  front.  A 
16-toa  roller  was  used  to  finish  the  subgrade.  The  costs  of  this  worti  were  as 
follows: 

Cost 
psr'sQ.  yd. 


0.0144 

Skilled  labor 0.0194 

Common  labor 0. 1878 

Ttanw 0. 1828 

Tlmeksepw 0.0016 

Steam  roller.  30  days 0.0122 

Total 10.8140 

CvntreU  Bom. — ^FoDowing  upon  the  preparation  of  the  subgrade  the  04ft. 
oooerete  base  was  placed.  This  work  was  started  Oct.  81  and  completed 
Nor.  22.  The  materials  were  distributed  along  the  street  and  the  miaer 
waa  moved  forward  as  the  work  progressed.  One  of  the  interesting  parts  ol 
this  work  was  the  use  of  a  wood  template.  It  was  with  difBcolty  that  the  men 
wen  induced  to  use  this  template  in  beginning  the  work,  but  after  a  few  days 
the  men  found  it  indispensable.  The  boards  used  to  shape  the  pavement  are 
arranged  to  be  raised  and  lowered  by  means  of  thumb  screws.  By  this  means 
the  layers  of  the  concrete  base  were  shaped  up,  and  later,  the  asphalt.  Dur- 
ing tte  construction  of  the  concrete  base^  each  day's,  work  was  covered  with 
manure  and  canvas  as  it  was  feared  that  freezing  weather  might  suddenly 
set  in.  The  cost  of  the  concrete  work  follows:  There  were  7,427  sq.  yds.  6  ins. 
thick  or  1,238  cu.  yds.: 

Gostper 

Labor  sq.  yd* 

Engineering 10.018 

Foreman 0.017 

Donbleteams 0.004 

Singio  teams 0.007 

Common  labor 0. 188 

SUDed  labor 0. 108 

Totals 80.197 

The  coet  per  cubic  yard  for  labor  was  thus  81.182. 

Cost  per 
Materials  sq.  yd. 

Cement  at  81.85  bbl $0,206 

Stone  at  $1.40  yd 0.204 

Torpedo  sand  at  $1.60  yd 0.004 

Lumber,  ezpan.  joints,  etc 0.007 

Wood  template 0.004 

Tools  and  suoMtaies 0.008 

Mixer,  rent  8162,  hauling  $15,  fuel  812 0.025 

Canvas 0.007 

Oil  and  waste ,. 0.0004 

Totab VI.UA 

Th0  cost  per  cubic  ymrd  tor  materials  was  83.80.  ''  lU 
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A^phaltj^'The  asghaXi  used  consisted  partly  of  Sarco  brand  and  partly  of 
Pioneer  brand.  A  Link  Belt  Co.  asphalt  mixer,  which  was  purdiafled  by  the 
park  at  a  cost  of  $5,590,  was  used.  It  was  operated  by  belt  from  a  gasoline 
traction  engine.  A  d-ton  roller  was  used  on  the  asphalt,  giving  a  compression 
of  266  lbs.  per  sq.  in.  The  asphalt  work  consisted  of  7,427  sq.  yds.  of  2-ln. 
surface.  It  was  started  on  Nov.  7  and  completed  Dec.  1,  1910.  The  costs 
were  as  follows: 

Cost  per 
Labor  sq.  yd. 

Engineetiiic. $0,009 

Foreman 0.016 

Teams 0.082 

Common  labor 0. 240 

Skilled  labor 0.048 

Timekeeper 0. 008 

Total $0,843 

Cost  per 
Materiab  sq.  yd. 

Stone  at  $1.40 ; $0,086 

Sand  at  $1.60 0.060 

Band  dug  at  site  $1.00 0.022 

Asphalt,  "Sareo,"  at  $24  ton 

Asphalt,  "Pioneer,"  at  $19.44  ton 0.301 

Lumber  for  ezp.  joints 0.002 

Brooms,  4 0.001 

Coke 0.033 

Gasoline 0.006 

Engine  oil,  waste,  etc 0.002 

Tools 0.004 

Steam  roller 0. 009 

link  Belt  mixer 0.027 

Total $0,544 

A  summary  of  the  costs  of  the  road  work  is  as  follows:   - 

Labor  j;>6r  sq.  yd.  oonorete  base $0. 197 

Material  per  sq.  yd.  concrete  base 0. 55 

Labor  ^r  sq.  yd.  asphalt 0. 843 

Material  per  sq.  yd.  asphalt 0. 544 

Preparation  of  subgrade  per  sq.  yd 0. 314 

Total $1,948 

Cost  Of  Asphalt  PsTing  Repairs  in  St.  Paul,  Minn. — Engineering  News, 
July  9,  1914,  gives  the  following  data  from  the  report  of  the  Commission  o^ 
Public  Works. 

In  1912  the  city  of  St.  Paul,  Minn.,  purchased  a  municipal  asphalt  plant  at 
a  cost  of  about  $15,000.  The  plant  consists  of  a  Warren  Bros,  portable 
asphalt  plant,  one  8-ton  asphalt  steam  roller,  one  scarifier,  one  Luts  surface 
heater,  one  fire  wagon,  one  gjrratory  stone  crusher,  two  portable  melting 
kettles,  six  2-cu.  yd.  steel-lined  asphalt  wagons,  four  H-cu-  yd.  concrete 
spreaders,  one  set  of  curb  cutter's  tools,  nine  asphalt  rafies,  testing  scales, 
and  the  necessary  small  tools.  The  accompanying  table  gives  an  itemized 
cost  of  the  plant. 
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No.  Rata  Cost 

Warren  Bros*,  portable  asphalt  plant 1           t4M0 

Steam  roller,  8-ton 1           22M 

Scarifier 1           865 

Luts  surface  heater 1           1800 

Fire  wacon 1           112 

Meltinc  kettles 2  $425.00  850 

Asphalt  wacons.  2  cu.  yd 6  171.50  1020 

Concrete  carts.  H  eu.  yd 4  117.00  468 

Koehring  concrete  mixer.  No.  14 1           1050 

Tandem  steam  roller,  8-ton 1           2200 

Koehring  paver.  No.  14 1           1000 

Chain  belt  parer,  No.  15 1           1770 

Chicago  concrete  mixer.  No.  5 1           481 

Unius-plson  brick  tester 1           476 

The  phmt  was  put  into  operation  Apr.  25,  1012,  and  during  the  season  of 
1012  was  worked  a  total  of  02  days.  The  amount  of  asphalt  pavement  turned 
out  during  the  season  was  10,428  sq.  yd.;  15,040  sq.  yd  of  this  was  cut  out 
work  and  4388  sq.  yd.  burner  work.  Besides  this,  5450  sq.  yd.  of  asphalt 
pavement  were  put  down  for  paving  contractors  in  repairing  pavements  built 
under  a  guaranty;  of  this,  2363  sq.  yd.  was  cut  out  work  and  3005  sq.  yd. 
burner  work.  The  total  cost  was  $6013,  which  was  charged  to  and  collected 
from  the  contractors. 
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FiQ.  5. — Croes  section  of  street  and  initter. 


All  asphalt-paving  repairs  during  the  year  1013  were  made  by  this  municipal 
asphalt  plant.  The  plant  was  put  in  operation  March  30,  and  during  the 
season  worked  178  days.  Asphalt  paving  to  the  amount  of  44,104  sq.  yd. 
was  turned  out;  43,206  sq.  yd.  of  this  was  cut  out  work  and  807  burner  work. 
Asphalt  repairs  for  contractors  were  made  to  the  extent  of  16,832  sq.  yd.,  of 
widch  16,030  sq.  yd.  was  cut  out  work,  and  703  sq.  yd.  was  burner  work. 
The  total  cost  was  $21,613,  which  was  collected  from  the  company  which  had 
guaranteed  the  pavement. 

For  the  City  Ry.  Co.,  7370  sq.  yd.  of  asphalt  pavement  were  laid,  and  the 
cost,  $1 1 ,03 1 ,  collected  from  the  company.  For  other  public-service  corpora- 
tions, 1250  sq.  yd.  of  asphalt  pavement  and  148  sq.  yd.  of  concrete  founda- 
tion were  laid.  This  work  cost  $2340,  which  was  collected  from  the  various 
corporations. 

About  246  sq.  yd.  of  asphalt  pavement  was  laid  on  bridges  on  which  the 
city  maintains  the  wearing  surface;  this  cost  $430.  and  was  charged  against 
the  bridge  building  and  repair  fund  at  $1.75  per  sq.  yd.  Small  repairs  were 
made  for  other  dty  departments  and  charged  against  those  departments 
at  $1  per  sq.  yd.  The  repairs  to  asphalt  pavements  on  which  the  guaranty 
period  had  expired  and  for  which  the  city  paid,  amounted  to  14,487  sq.  yd. 
of  cut  out  work.    TtUs  repair  work  cost  the  dty  $18,400,  an  aiV^xaic^  ^  %V \Kt 
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The  following  shows  cost  and  relative  data  regarding  asphalt  repairs  for  the 
year  1913. 

Total  area  of  pavements  on  which  repain  were  made  in  sq.  yid. .     222,327 

Area  or  repairs  in  square  yards 18,733. 18 

Per  cent,  of  area  repaired 8.42 

'  Cost  of  repairs $  18.921.34 

Average  cost  per  square  yard  of  total  area 0.085 

Cuts  in  asphalt  pavement  made  by  the  City  Water  Department,  heating, 
lighting  and  telephone  companies,  sewer  contractors  and  others,  were  repaired, 
at  a  cost  of  $2340,  which  was  collected  from  the  various  companies. 

Coat  of  Operation. — The  operating  crew  at  the  plant  consisted  of  one  fore- 
man, one  engineman,  one  tank  man,  four  laborers,  and  a  night  watchman. 
Four  teams  were  employed  hauling  asphalt  from  the  plant  to  the  work. 

The  street  crew  was  made  up  of  one  foreman,  one  timekeeper,  one  rotter 
man,  two  rakers,  two  tampers,  one  smoother  and  one  cement  man  laying  new 
pavement;  and  two  shovelers,  six  scrapers  and  two  teams  removing  and 
hauling  old  paving.    The  total  exi)ense  was  divided  as  follows: 

Operation  of  plant,  labor $  5,889.02 

Fuel 1,024.47 

Hauling  material * 1 , 559. 18 

Superintendence,  livery,  watchman,  etc 3, 164. 21 

Repairs  and  supplies 1 ,658.05 

Material , 26,876.69 

Street  crew  labor ^ 8,206.66 

Hauling  material  to  street 5,068.40 

Engineer  and  watchman ^ 1  i^l-65 

Tools,  repairs,  etc ^ 790.05 

Total $55,628.28 

Total  labor $25, 175.66 

Total  material 30,452. 62 

55,628.28 

Charged  to  outside  parties $34. 194.23 

Charged  to  bridges 430.49 

Material  on  hand 2,512.71 

37.137.43 

Total  cost  to  city  of  work $18,490.86 

Cost  of  Operating  Municipal  Asphalt  Plant  of  District  of  Celiimbia.*-Engl- 
neering  and  Contracting,  June  6,  1917,  publishes  the  following: 

All  minor  repairs  of  asphalt  pavements  in  the  District  of  Columbia  are  made 
from  the  output  of  a  portable  municipal  asphalt  plant*  This  plant  also  la 
employed  hi  furnishing  product  for  ttie  construction 'of  an  asphalt  macadam 
wearing  surface  on  old  macadam  streets.  The  plant,  a  Warren  Bros.'  portable 
asphalt  plant,  with  a  nominal  capacity  of  100,000  lb.  per  day  was  purchaaed 
and  installed  in  1912  at  a  cost  of  $6,900.  Since  that  date  it  has  been  operated 
from  220  to  240  days  per  year,  with  an  average  output  of  about  80  per  eent  of 
its  capacity. 

During  the  fiscal  year  ending  June  80,  1916,  the  plant  waa  opevated  236 
working  days,  with  an  average  daily  output  of  716  cu.  ft.  and  a  total  ou^mt 
of  168,684  cu.  ft.  Old  material  was  used  to  considerable  extent.  Old  asphalt 
topping  removed  from  the  streets  in  resurfiacing  was  crushed  to  a  finely  broken 
product  to  Ti^hlch  was  added  the  new  material.  The  use  of  this  old  topping 
resulted  in  a  substantial  savhig.    A  Noyes  crusher  was  used  for  breaking  up 
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tbe  old  matariaL  The  oosi  of  the  cnuber.  InclHdtnc  a  portable  encliie  aad 
boder.  waa  tl.OlO. 

The  foUowliig  data  on  the  work  of  the  municipal  asphalt  plant  for  tbe  flacal 
year  ace  taken  from  the  report  of  the  operations  d  the  Eni^neer  Department 
of  the  DtotrkA  of  Cohmibia: 

The  following  amounts  of  materials  were  purchased  for  use  in  manufaeturinc 
the  ootput  during  the  year: 

Sand,  2.160.50  eo.  yd.  at $  1.08 

Asphaltte  eement,  401.74  toM  at 10.00 

limestone  dust,  205  tons  at 2.63 

Screenings,  855  tons  at 1 


There  was  purchaAed  for  use  in  operating  the  crusher  and  mixer  the  following 
laiiattems: 

Fad  OH.  28.027  gaL  at 10.081 

Coal,  170  tons  at 8  46 

Wood,  80  oofds  at 6.00 

The  costs  of  operation,  including  material  and  labor,  are  kept  from  day  to 
day.  and  the  summary  of  this  data  for  the  fiscal  year  ending  June  80,  1910, 
derelops  the  following  unit  costs  for  tbe  year's  operations: 

Opbbahon  ow  Cbusbuu 

Period  of  operation,  62  working  days;  output  of  erashsr,  2,827  eu.  yd. 
Labor  and  fuel  ($1,820.06  plus  tt8.20) $    1.408.86 

Cost  per  cu.  yd..  $0,608. 
Maintenance,  renewals  and  repairs 88  04 

Oosi  per  eu.  yd.,  80.0867. 

Overhead  costs: 

Capital  invested.  $1,010.  at  8H  per  oent t  66.85 

Obsolescence,  6  years,  at  20  per  cent 882.00 

Cost  per  cu.  yd.,  80.108. 

i  448.86 
Cost  of  crushed  product,  per  cu.  yd. : 

Labor  and  materials $  0. 008 

Bepairs  to  plant .086 

Overhead - .  |08 

8  0  882 

OpnBATioif  OP  Plant 

Period  of  operation,  236  days;  total  output,  168,684  ou.  ft. 

Atplant: 

Labor  (8.66  cts.  per  cu.  ft.) $    6,004.18 

Fuel  oil  (0.60  cts.  per  cu.  ft.) 776.68 

Coal  (0.27  cts.  per  cu.  ft.) 456.80 

Wood  (0.13  cts.  per  cu.  ft.) 223.60 

Binder  stone 82.60 

Tool  repair  (0.20  cts.  per  cu.  ft.) 329.66 

Total  (4.71  cts.  per  cu.  ft.) $    7.872.42 

Haul  from  plant  to  street: 

Labor  (3.86  cts.  per  cu.  ft.) $  6.904.06 

On  street: 

Labor  (12.8  cts.  per  cu.  ft.) $18,906.63 

Painting  joints  (0.16  ct.  p«r  cu.  ft.) 286.00 

WoodlO.  18  ct.  per  cu.  ft.) 228.60 

Tool  repair  (0. 10  et.  per  cu.  ft.) 164.68 

JotmJ  (12.es  cU.  per  eu.  ft.) \\^  ,10^  .%^ 


962  HANDBOOK  OF  CONSTRUCTION  COST 

Maintenance  and  repairs: 

At  plant  (0.22  ot.  per  ou.  ft.) $      365.93 

On  street  (0.15  ot.  per  ou.  ft.) 228.94 


Total  (0.37  ot.  per  ou.  ft.) $      694.87 

Overhead: 

Capital  invested,  $6,900,  at  3H  per  cent t      241 .  50 

Obsolescence,  5  years,  at  20  per  cent 1 ,880. 00 


Total  (1  ct.  per  cu.  ft.) t  1,621.60 

Supervision: 

Foremen  and  overseers  (3.7  cts.  per  cu.  ft.) t  6 ,239. 67 

-Total  manufacturing  costs  per  ou.  ft.: 

Cents 

Plant,  labor 4.71 

Hot  haul 3.86 

Street  work 12.68 

Maintenance  of  plant  and  tools , .37 

Overhead — 

Interest  and  obsolescence 1 .  00 

Supervision 3. 70 


26.31 

The  sand  used  was  bought  under  a  contract  at  44  ct.  per  cubic  yard  and 
hauled  from  the  wharf  to  the  plant  at  a  cost  of  $1,266.26  for  2,160.6  cu.  yd.,  or 
69  ct.  per  cubic  yard,  a  total  of  $1.03  per  cubic  yard.  All  other  material  was 
delivered  at  the  plant  site  at  the  costs  shown  below. 

The  cost  of  cubic  foot  of  old  material  mixture  was  as  follows: 

0. 67  cu.  ft.  crushed  material,  at  83.2  ot.  per  cu.  yd $0. 0206 

0.27  cu.  ft.  sand,  at  $1.03  per  cu.  yd 0103 

8. 89^  lb.  asphaltic  cement,  at  $10  per  ton 0195 

Total  material , $0.0530 

Manufacturing  and  placing  cost 2631 

Total  (cu.  ft.) $0.3161 

Asphaltic  concrete  mixture: 

0.6  ou.  ft.  screenings,  at  $1.32  i>er  ton $0. 0830 

0.5  ou.  ft.  sand,  at  $1.03  per  cu.  yd 0190 

4.2  lb.  limestone  dust,  at  $2.63  per  ton 0063 

9.16^  lb.  asphaltic  cement,  at  $10  per  ton 0468 

Total  material $0. 1031 

Manufacturing  and  pladng  costs 2631 

Total  per  cu.  ft $0.3662 

1  Includes  10  per  cent  tare. 

The  plant  operating  force  consisted  of  one  foreman  at  $100  per  month  and 
the  following  per  diem  employes: 

1  Steam  engineer  (operating  mixing  plant)  at $3.50 

1  Steam  engineer  (operating  crusher)  at 3.o5 

1  Timekeeper  at 3. 00 

7  laborers  (operating  plant)  at 1 .  76 

12  Laborers  (oi>erating  crusher)  at 1 .  76 

4  Laborers  (miscellaneous,  including  watchman)  at 1.76 

12  Carts*  (hot  haul)  at 2.80 

*  HauUng  hot  material  from  plant  to  street  operating  or  patching  gangs. 
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Tbett  TB  two  pfttchtnggMf,  etdi  oi  wliidli  eoiMrirti  of  Ui»  ftilUwrfng  uniti 
of  per  (Uem  employes; 

1  Foremftn  at .-. .  ti.OO 

6  8kiUed  laboren  (1  ■boyelw.  2  nktn  and  2  taapecs)  at 2.25 

6  SkiUed  labonn  (roUennen,  euttins  out  and  miaofillanaoQa)  at. ........  2.00 

10  Skflled  laborers  (mlaoellaiieoua)  at 1 .76 

t  Wiagooa  (haoUiis  oM  material  to  dump  aad  haolfaic  barrioadea)  at.. . .  6.00 

1  Gart  ChauBiiK  tool  and  Are  wafona)  a*. 2^60 

In  oonnectlon  with  the  supervlflioii  of  the  above  there  axe  two  Inspecton, 
one  of  whom  is  employed  at  a  salary  of  $126  and  the  other  at  $100  per  month. 
These  men  axe  held  responsible  for  the  character  and  performance  of  all 
the  work,  prepare  all  statements  and  reports  In  connection  therewith  and  map 
oat  the  vailoas  routes  to  be  followed. 

Reference  Note:  In  Engineering  and  Contracting,  March  6,  191$,  data 
are  glven^on  the  operation  of  municipal  asphalt  plants  in  20  cities  as  abstracted 
from  the  report  of  David  B.  McComb  upon  an  investigation  of  the  desirability 
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Vm,  $.— CQketeh  showing  rarious  conditions  relating  to  paving  job. 

and  cost  of  establishing  a  municipal  plant  for  the  District  of  Columbia. 

Labor  Hetir  Requirements  on  Brick  Paying  Work. — D.  B.  Davis  gives  the 
following  in  Engineering  and  Contracting,  May  6,  1020. 

In  estimating  the  cost  of  paving  work,  while  the  labor  market  is  constantly 
changing  from  month  to  month,  estimators  who  have  an  indefinite  knowledge 
of  the  labor  hour  requirements  for  the  divisions  of  work  necessary,  are  lialde 
to  have  their  estimates  incompatible  with  the  true  value  of  the  work.  A 
knowledge  of  the  labor  hours  necessary  to  do  a  certain  work  together  with 
accurate  price  quotations  on  the  materials  m^iich  enter  into  it,  will  giv^  the 
estimator  much  more  faith  in  his  estimates. 

In  making  an  estimate  of  a  certain  work  a  chart  showing  the  various  condi- 
tions relating  to  the  work  will  help  to  guarantee  against  omission  of  important 
details.  This  chart  can  be  a  rough  slcetch,  which  in  case  of  a  brick  paving  Job 
in  a  city,  will  show  the  length  of  haul  from  the  nearest  switch  to  the  Job;  the 
length  of  haul  from  the  closest  dump  to  the  Job;  the  Idnd  and  nearest  water 
supply  and  other  matters  of  interest  one  will  record  on  making  an  inapoctlotiL 
of  the  site.    An  example  of  a  chart  of  this  kind  is  Bhown  \u  YVig.  ^. 


954 


HANDBOOK  OF  CONSTRUCTION  COST 


A  1>rief  study  for  determining  the  labor  hour  requirements  for  some  divisions 
of  work  comiected  with  a  brick  paving  job  in  a  city  will  be  undertaken. 

The  excavation  in  this  case  will  be  assumed  to  be  completed. 

To  estimate  the  cost  of  unloading  and  hauling  b^pick.  from  the  cars  to  the 
job,  it  is  first  necessary  to  flgiu«  on  the  cost  of  unloading  them.  It  has  been 
the  experience  of  the  writer  on  a  number  of  his  jobs  that  a  working  unit 
consisting  of  five  men  loading  from  the  cars  to  the  wagons  and  six  men  at  the 
job,  unloading  these  wagons  as  they  come,  will  unload  approximately  on  an 
average  of  19,300  paving  brick  In  a  10-hour  day.  Or  It  requires  approxi- 
mately 6.7  labor  hours  to  handle  the  brick  from  the  cars  to  the  pile.  Fig.  7 
shows  the  cost  to  unload  brick  to  the  pile  at  different  rates  of  wages  for  labor 
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FiQ.  7. — Coet  of  unloading  brick  from 
cars  and  on  job. 

Assumption:  5.7  labor  hours  pCT  M. 
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Humbor  Trips  Mbdo  ^Petf 

Fig.  8. — Curve  showing  number  of 
loads  per  day. 

Extra  wagons  provided  to  prevent 
idle  time. 


To  haul  the  brick  from  the  switch  to  the  job,  extra  wagons  are  provided,  so 
that  the  teamster  after  having  hauled  the  loaded  wagon  to  the  street  to  be 
unloaded  can  immediately  hitch  to  an  extra  empty  one  and  proceed  back  to  the 
switch.  In  this  way  no  team  time  is  lost  while  waiting  for  loading  or  unload- 
ing (he  wagons. 

The  number  of  loads  that  can  be  hauled  in  a  given  length  of  time  can  be 

determined  by  the  formula: 

T 
Number  of  loads  hauled  =  j^ — j^ 


tn  which  T  «  total  working  time  in  minutes. 

L  =  length  of  haul  (round  trip). 

z  «  lost  time  in  minutes,  unhitching,  etc.  (this  will  average  17  minutes). 

r  -  rate  of  team  travel  (180  ft.  per  minute). 
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Fl(.  8  AowB  thli  ronnula  plotted  tor  dlltannl  kocUw  buil. 

Now  to  find  the  tetina  required:  find  trom  Fig.  8tbeiuiiiitMr<tf  tripaperdif 
comapondinc  to  the  length  of  hauL  Then  the  amnbet  ot  tripe  X  thecapadtr 
itf  each  kMd  eqiuls  tin  Dumber  ot  brldi  that  one  team  will  bMiL    Then 


[9,300 


-  Dumber  ot  bttek  nqulred. 


Dumber  brick  bmuled  by 

F1(.  B  ihow*  the  coet  ot  hwilfng  brick  tor  Tuioui  iBDCthe  haul.  In  thli  case 
team  hire  la  figured  at  80  cents  per  hour  and  the  capadl;  ot  each  load  at  COfi 
brick. 

Hw  total  coal  of  handling  and  hauling  the  brick  nuy  be  found  b;  adding  the 
values  from  Flga.  7  and  6. 


To  eetlmate  the  labor  required  to  la;  a  concrete  base  fl  in.  thick  Ih 
nrganlutloD  should  first  be  outlined.  Buch  an  organization,  wher 
Crete  mix  Is  I  part  cement  and  7  parts  gravel  uid  a  l-«ack  steam  cl 
Is  used,  Uaa  followa: 

I  Ensiii«r  miiH.  3  Qiavel  vfanrlen. 


1  y 


erboy. 


Tbia  gang  will  lay  concrete  baite  requiring  approximately  0.20  labor  houra 
per  Mjuare  yard.  Fig.  10  shows  values  plaited  when  using  a  l-bag  chute, 
boom  and  an  old-style  non-tmctloa  mixer  which  requires  men  to  wlieel  the 
l-bag  mixed  concrete  from  the  nilxcr  to  the  bed. 

To  eatlmale  the  labor  required  to  lay  the  brick  in  the  pavement.  It  la  well  to 
remember  the  dlrblona  ot  labor  required.     Fot  the  oid^nu^  c\Vl  vvtemax^ 
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it  will  require  five  divisions.    The  following  table  gives  these  divisions  with 
co^fiElcients  relating  to  each: 

Sand  bed  mizen 0.00742 

Brick  carriers 0.01320 

Brick  setters 0.00214 

Batting  in  closures 0. 00200 

Cement  grouting,  by  hand  mix 0. 00797 

Cement  grouting,  machine  mix 0. 00460 

To  find  the  number  of  men  needed  for  each  division  of  work  to  balance  the 
whole  gang,  multiply  the  required  output  by  the  factors  opposite  each  division 
in  the  table  and  take  the  closest  even  number. 
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PiQ.  11. — Cost  of  layinc  brick. 
Includes  preparing  sand-bed,  carry- 
ing brick,  laying  brick,  batting  in- 
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Assumption:  0.31  labor  hours  per 
sq.  yd. 


.04 

> 

/ 

5^' 

y 

ycXimife 

Vtff 

J 

/ 

K 

"^ 

Cem0 
hrSir 

i6n$, 

tit  HUM 

r 

Jh 

^ 

30  40  SO 

Atf9rmg»Wag9^Hour 

Fio.  12. — Cost  of  applying  filler 
to  brick  pavement. 

Assumption:  Mixing  by  hand, 
0.080  hrs.  per  sq.  yd.;  mixing  by 
machine,  0.046  hrs.  per  sq.  yd. 


For  example,  to  find  the  number  of  men  needed  to  carry  brick  in  order  to  lay 
1,000  sq.  yd.  in  10-hour  day:  Multiply  1,000  yd.  by  0.0132,  which  makes  13.2 
or  13  men  needed. 

Fig.  11  shows  the  costs  of  laying  brick  in  pavements  at  different  rates  of 
wages.  It  is  figured  on  the  assumption  that  the  operations  named  require 
0.31  labor  hours  per  square  yard. 

Fig.  12  shows  the  cost  of  applying  cement  grout  filler.  The  lower  line  shows 
the  cost  when  using  a  small  grout  mixer  and  the  upper  line  shows  the  cost 
when  using  the  old-style  grouting  boxes,  which  require  mixing  by  hand.  With 
labor  at  50  ct.  per  hour  it  can  be  seen  that  a  saving  of  1^  ct.  per  square  yard  is 
made  by  using  the  gasoline  grout  mixer. 

The  labor  hours  required  for  these  various  operations  were  obtained  from  the 
writer's  experience  and  represent  work  that  has  been  done  by  energette, 
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cnthuriaitie  worianen.  The  prmdmity  wbidi  ukoiUbu  gMg  oould  approach 
these  values  would  depend  wholly  on  the  morale  of  the  worianen  and  the 
experience  and  "pep*'  of  the  man  in  charge. 

Coat  of  Brick  Paved  Roads. — The  following  data,  published  in  Engineering 
and  Contracting,  May  29,  1912,  have  been  taken  from  a  Road  Bulletin  of  the 
Highway  Department  of  the  Missouri  State  Board  of  Agriculture.  The  fol- 
lowing figures  are  the  actual  cost,  not  including  miscellaneous  items.  «te., 
upon  12,000  sq.  yds.  (1,333  cu.  yds.)  of  hand-mixed  1:4:7  street  concrete 
base  4  ins.  thick,  put  down  under  average  good  conditions  in  Missouri. 


Per         Per 
■q.  yd.    oa.  yd. 

Labor  Mixing  and  Placing! 

Wb«aUns  stone,  wheelbarrows iO.OllA  10.1085 

Wheeling  sand,  wheelbarrows 0033  .0297 

Spreading  eement .0089  .0997 

Ttuniiig  sand  and  cement 0101  .0909 

Turning  concrete 0134  ,1200 

Watexing 0029  .  0261 

Tampins 0038  .0897 

Off-beanng .0101  .0909 

Foreman 0135  .1215 

Total  Ubor $0.0714  90.049^ 

Total  Coet  Material  and  Labor: 

Stone $0. 1300  91.1700 

Sand 0689       .5751 

Cement !        .1200    1. 0600 

Labor 0714       .6426 

Superintendency 0101       .0909 

Grand  total $0.3054  $3.5586 


The  average  of  several  cost  accounts  (good  cost  conditions)  upon  laying  brick 
pavements  in  Missouri  (actual  cost)  with  common  labor  at  15  cts.  per  hour 
and  bricklayers  at  20  cts.  per  hour,  is  given  as  follows: 

Per 

aq.  yd. 

Lal>or  for  Laying  Brick: 

Preparing  sand  cushion 90.0095 

Staddngbrick 0060 

Wheeling  brick 0105 

Laying  brick r       .0075 

Culling  brick 0035 

Batting  and  grouting 0045 

Cleaning 0030 

.  Foreman 0025 

Total  labor $0.0470 

Material: 

Sand $0. 1000 

Brick 7000 

Orout 0180 

Total  materia] $0.8180 

Superintendency 0050 

Grand  total,  labor  and  material V^  .^St^ 


HANDBOOK  OF  CONSTRUCTION  COST 


Other  costs  tor  brick  pavemeDt  oi 


«  base  show  the  followliig: 


ShHipiM  ■ubamde to.  10 

Concrete  base,  *-iii.... 4G 

SbdcI  cushion,  2-in 10 

Brick.  48  per  eq.  yd * 0S 

TotRi »i.eo 

Labor  Cost  of  Honolithic  Brick  PaTimeat. — The  toUowlng  data  are  taken 
Iiom  EnghieeriDg  and  Contracting,  Bept.  4,  1918. 

MimoUthlc  brick  pavement  was  constructed  on  the  Hlghllne  Road  In  King 
Count;,  Washington,  at  a  labor  cost  at  about  23cta,  peiaquare  rard.  The 
paved  section  WW  20  It.  wide.  The  concrete  base  ww  a  1  ■■3  ;6inli.3ln.ttilek 
at  the  sides  and  SH  in-  >t  the  crown.  The  blocks  for  part  of  the  work  were 
vertical  fiber  bricks,  i  x  SH  In.  X  2H  in.  deep;  tor  the  remainder  standard 
paving  blocks  4  x  SK  In.  X  3!^  In.  deep,  laid  flat,  were  used.  The  average 
labor  cost  for  01,600  sq.;d.  ot  pavement  laid  between  June  and  October,  1916, 

Per  *],  yd. 


Per  Per 

te.DO     Brick  crew: 

I  bricklayer $7.00 

,.    .     4,00         IbattBMD,.. 3.00 

6,00         lliner ,,  2.76 

2  75        flcarriera 2.78 

2.76        4irfler*.,.. 2.75 

2.75    Qrout  crew  (S  laboren) 2.75 

2 .  76     CoverioE,       uncovering       and 

2.75        B^nkhng(2men)... 2.75 

2.76    Curblorms: 

2.75         I  man 4.00 

1  helper 2-75 

1  water  boy 1.60 

e  base  was  mixed  In  a  21  cu.  ft.  Koehrlng  mixer  of  the 
le.    The  1 : 3  sand  cement  cushion  was  mixed  in  a  3-fl. 

The  bricks  were  handled  by  laborers  with  brick  clamps. 
OolpDt  of  Brick   Paring  Gang  ia  VermlUan   Connty 

and  Contracting,  Bept.  4,  1818.  gives  the  following. 
I  oI  the  monolithic  bridt  pavement  for  the  Vermilion 
d  Iinie  Roads,  the  average  gang  consisted  ot  32  men 
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head  of  Mixer:  1  Brick  setter. 

1  Form  Mtter.  3  Staoken. 

5  Wheelers.  1  Starter  (also  helps  with  tamping). 

3  Shovelcrs.  1  Batter. 

1  Cement  man.  5  Carriers. 
it  Mixer:  1  Culler. 

Mixer  operator.  1  Roller. 

Fireman.  3  Men  grouting. 

ilel^Kl  Mixer:  1   Man  wetting  down  pavement  and 

2  Men  spreading  concrete.  pulling  forms. 
1  Man  tamping  concrete  and  carry- 
ing forwsrd  boards  for  mixer  run* 

way. 

With  this  organization  about  800  sq.  yd.  of  pavement  was  laid  per  day. 
The  jmvement  is  10  ft.  wide  and  consists  of  a  4-in.  wire-cat-lug  paving  brick 
laid  directly  on  a  fresh  concrete  base  4  in.  thick  at  the  side  and  crowned  1  in. 

The  gang,  as  given  above,  did  not  deliver  the  materials  from  the  freight 
cars  to  the  road.  Materials  were  delivered  on  a  narrow  gage  (2  ft.)  track  IsJd 
alongside  the  pavement.  The  sand  and  stone  were  dimiped  from  cars  on  the 
subgrade,  and  the  brick  was  stacked  in  piles  on  the  other  side  of  the  track. 
In  stacking  brick  and  in  delivering  brick  onto  the  road,  the  bricks  were 
handled  with  tongs. 

Labor  Cost  of  Brick  Paving  on  Country  Roads. — The  following  data,  based 
on  the  experience  of  the  New  York  State  Highway  Commission,  were  pub- 
lished in  Engineering  and  Contracting,  Feb.  19.  1913. 

The  cost  of  brick  paving  on  country  roads  varies  according  to  local  condi- 
tions. Highway  contractors  make  use  of  various  labor-saving  devices  to 
decrease  the  cost  of  construction.  All  unloading  of  stone  and  sand  is  done  by 
niachines.  Many  contractors  are  using  traction  engines  for  the  hauling  of 
material;  some  use  small  gage  tracks  with  locomotives  and  cars.  A  modem 
concrete  mixer  is  very  necessary. 

From  the  data  obtained  from  various  roads,  a  fair  estimate  of  cost,  based  on 
labor  at  17H  cts.  per  hour,  teams  at  50  cts.  per  hour,  and  foreman  at  35  cts.  per 
hour,  would  be  as  follows: 

Labor  cost  per  square  yard,  brick  paving  in  place,  exclusive  of  concrete  base: 

Per  sq.  yd. 

UnloiUling  and  piling  brick SO. 035 

Hauling  brick  one  mile 0 .  040 

Lasring  and  rolling 0.070 

Making  sand  cushion .* 0.020 

Grouting 0. 028 

Expansion  joints "0.007 

Culling,  replacing,  etc 0. 005 

Total  labor $0. 205 

No  ofRce  or  incidental  charges  are  included  in  ttie  above. 

The  manipulation  of  the  concrete  for  the  base  varias  from  40  cts.  to  60  cts. 
I>er  cu.  yd.,  using  batch  machines  and  depending  on  gravel  or  stone  concrete. 
(The  average  bid  price  for  brick  pavement  in  Western  New  York,  including 
concrete  base  5  in.  thick,  but  excluding  excavation,  was  $2.05  per  sq.  yd.) 

Cost  of  Vitrified -brick  Pavement  on  an  Old  Macadam  Base,  Carlisle, 
Penn. — John  C.  Hiteshew  gives  the  following  matter  in  Engineering  News, 
Dec.  24.  1914. 

During  the  1914  season  2,493  sq.  yd.  of  vitrified-brick  pavement  were  laid  by 
the  Btreet  Department  of  Carlisle,  Penn.,  under  the  ftupeTv\«\oiio\  >Xvft'W^\«x. 
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Track  Section. — The  section  paved  comprised  one  block  on  High  St.,  the 
main  business  street,  tlMt>iigh  which  the  tracks  of  the  Cmnberland  Valley 
R.R.  run.  The  railroad  company  was  unwilling  to  pave  between  and  along 
the  tracks,  but  it  agreed  to  construct  a  concrete  curb,  6  X  18  in.,  set  2  ft  from 
outside  face  of  curb  to  rail.  The  concrete  was  a  1 : 2  : 3  mix  with  a  1  : 1  finish 
coat,  and  was  constructed  by  contract  at  a  price  of  35c.  per  lin.  ft. 

Pavement  Base. — The  old  macadam  with  which  the  street  was  paved  was 
used  as  a  base  for  the  new  brick  paving.  The  macadam  had  a  depth,  before 
excavation,  of  at  least  18  to  20  in. 

In  grading,  the  old  macadam  was  spiked  up  with  a  13-ton  steam  roller, 
excavated  to  subgrade,  and  thoroughly  dry  rolled,  as  with  wet  rolling  the 
macadam  showed  a  tendency  to  push  ahead  of  the  roller,  causing  waves. 

In  shapiiig  the  base  spikes  were  set  to  subgrade  at  7-f t.  intervals  across  the 
street,  and  the  final  shaping  done  by  hand  picking.  After  rolling,  new  spikes 
were  set,  which  supported  the  3  X  8-in.  by  16-ft.  guides  for  a  striking 
template. 

Concreting  Filled-in  Trenches. — The  Gas  dc  Water  Co.  had  recently  renewed 
a  great  many  trenches  along  the  street,  and  poor  foundations  existed  in  the  old 
gutters,  so  it  was  deemed  advisable  to  fill  all  these  new  trenches  and  the 
gutters  with  concrete  5  in.  deep. 

Sttme  Cushion. — The  cushion  was  composed  of  limestone  dust  and  screen- 
ings, IH  in.  in  thickness;  and  was  struck  off  by  means  of  a  short  striking 
template  drawn  by  three  men.  The  cushion  was  then  rolled  with  a  250-Ib. 
roller  drawn  by  hand. 

Laying  Bricks. — The  bricks  were  laid  by  one  foreman  and  two  men,  one  of 
the  men  breaking  half-brick  to  fill  in  ends  of  courses.  '  Usually  there  wero' 
three  men  carrying  to  each  brick  layer.    An  average  of  7000  bricks  were  laid 
by  each  man  per  day.    Yitrified-shale  paving  blocks  were  used. 

Rollina  Bricks. — Rolling  was  done  with  a  5-ton  horse  roller  drawn  by  12 
men. 

Qrouting* — ^The  joints  were  grouted  with  a  1:  IH  portland-cement  grout. 

Expansion  Joints. — ^A  ^-in.  "Elastite  sandwich"  joint  was  used  longitudi- 
nally along  the  four  curbs  and  transversely  over  75  ft. 

"  Elastite"  was  found  to  be  a  great  improvement  over  the  old  pitch  expan- 
sion-joint filler,  doing  away  with  the  boards,  wedges,  heating  the  pitch,  etc., 
and  the  first  cost  of  the  joint  was  practically  the  entire  cost,  as  it  took  very 
little  time  to  place  it  in  position. 

Sand  Covering. — The  green  pavement  was  covered  with  H  in.  of  sand  for 
several  days.    Traffic  was  turned  on  the  pavement  at  the  end  of  five  days. 

Cost  Data. — The  following  is  an  itemized  list  of  cost  data: 

Cost  per  sq.  yd. 
of  pavement 

Unloading  and  hauling  brick SO. 0777 

Grading  and  rolling  subgrade 0.1 126 

Concreting  trenches 0. 0848 

Crushed  stone  cushion 0.0543 

Brick 0.8600 

Laying  brick 0.0376 

Roffing  brick 0.0062 

Grouting 0.0845 

Expansion  joints 0.0356 

Covering  with  sand 0.0047 

Total fl.868 
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»  Diunp  wagons  were  charged  at  ffae  rate  of  10  aad  Ite.  per  hr.  The  reaeoii 
I  fortliiswasthatthey  were  fire  teains;  one  was  paid  lOe.  per  hr.;  tor  the  UM. of 
:  the  other  the  Street  Department  paid  the  drHer'B  salaiy,  vhloh  was  $1  JO  per 
.  dej.  or  15c.  per  hr. 

The  bricks  were  purchased  in  Mardi  at  a  reduction  of  $1  per  M.  Thegreat 
adyantage  in  this  was  that  we  got  a  better  run  ol  bridGS  and  had  them  when 
'   needed,  and  we  saved  $1  per  M,  or  $100  on  the  year's  woik. 

All  macadam  excavated  was  used  in  resurfacing  streets  adjacent  to  the  work. 
Approximately  20,000  sq.  yd.  were  thus  resurfaced. 

It  win  be  noticed  that  a  stone  cushion  was  used  instead  of  sand.  Theieason 
was  that  wlien  first  tried  as  an  experlmeat  the  stone  formed  a  compact  cushion 
wtthont  becoming  too  soMd,  and  at  the  same  time  reduced  the  cost  by  one  lialf  II 

During  the  season  of  1913  6^,080  sq.  yds.  ol  vitrified  brick  pavement  were 
laid.  Mr.  Hiteshew  gives  the  cost  of  this  work  in  Engineering  and  Con- 
traeting,  April  15,  1014,  as  foUows: 

Cost  or  Bbick  Paving  at  Carlulb,  Pa.  im  1018 

Cost  per 
Item—  aq.  yd, 

Unloadixu;,  hauling  ft  pUing  brieks $0,065 

Grading  &  rolling  ma<mdam  base 001 

Stone  enahion  and  rolling  with  600-lb.  roller OfiS 

227,660  brick  at  $21  per  M 840 

Laying  and  rolling  bnck 084 

Cement  grout  filler 088 

Expansion  joint .010 

Totals -. .     $1.18 

Total  number  ot  sq.  yds 5*880 

Coet  per  aa.  yd 81 .  16 

Note. — An  average  of  7,000  brick  per  man  per  day  were  laid. 

Cost  of  Labor  akd  MATaaiALS  worn  Buck  Paving  at  Carusub,  Pa. 

Item—  Rate 

Foreman,  per  hour $  0.25 

Laborers,  per  hour 0. 16 

Roller  enipneer,  per  hour 0.^25 

Cement,  per  bbl.  (net) 1 ." 


Sand,  per  ton 1 .  80 

Brick,  per  M 21.00 

In  1900  the  cost  of  2,070  sq.  yds.  of  similar  pavement,  given  in  Engineering 
and  Contracting,  Feb.  2,  1910  by  C.  A.  Bingham,  was  as  follows: 

Spiring  Up  and  Cartino  Off  Old  Macadam 

Persq.  yd. 

Roller  engineer,  45  hrs.  at  $0.20 $0.0040 

Foreman*  66  hrs.  at  $0.17 .0048 

T^borers.  261  hrs.  at  $0.14 .0188 

Carting.  192  hrs.  at  $0.26 0238 

Coal,  2.6  tons  at  $4.00 .0052 

Total  (1,935  sq.  yds.) $0.0572 

Raking,  Lrvbung.  Roluno.  Etc.,  Macadam  Base 

Foreman,  34  hrs.  at  $0.17 $0.0029 

Roller  engineer.  39  hrs.  at  $0.20 .0040 

Laborers,  56  hn.  at  $0.14 0041 

Crushed  stone,  69  eu.  yds.  at  $0.08 .0349 

Coal,  2  tons  at  $4.00 0041 

Tota/  (1,933  Bq.  yds.) \ ^-Wf^ 

01  ^ 
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Dust  CnsmoN 

Foreman,  26lir8.  at  S0.17 SO. 0020 

Laborers,  50  hrs.  at  S0.14 0033 

Crufther  dust,  66  ou.  yds.  at  $0.98 .0312 

Total  (2.070  sq.  yds.) $0.0385 

Unloading,  Hauunov  Stackinq  Blocks 

Foreman,  45  hrs.  at  $0.17 $0.0037 

Lahorers,  390  hrs.  at  $0.14 0264 

Carting,  363  hrs.  at  $0.24 0421 

Total  (2,070  yds.) $0,072 

Block 
85,660  at  $19.00  M $1,627.54  or  $0,786  yd. 

Laying  Blocks 

Foreman,  127  hrs.  at  $0.17 $0.0104 

Laborers,  402  hrs.  at  $0.14 0271 

Total  (2,070  sq.  yds-) $0,035 

Rolling  and  Inspbcting 

Team,  15  hrs.  at  $0.20 $0,001 

Laborers,  63  hrs.  at  $0.14 004 

Total  (2,070  sq.  yds.) $0,005 

Gbouting 

Cement.  44  bbls.  at  $1.20 $0.0254 

Sand,  11  tons  at  $1.40 0074 

Foreman,  32  hrs.  at  $0.17 0071 

Laborers,  106  hrs.  at  $0.14 , 0091 

Band  covering,  5  tons  at  $1.40 0034 

Total  (2,070  sq.  yds.) $0.0459 

Rkcapitulation 

Per  sq.  yd. 

Excavation $0,057 

Grading 0.060 

Cushion .  0.036 

Haul,  etc 0.072 

Blocks 0.786 

Laying 0.037 

Rolling 0.005 

Grouting 0.046 

Grand  total $1 .089 

Cost  of  Groutiiig  Brick  Psvements.— *H.  E.  Bilger,  Engineer  of  the  Illinois 
State  Highway  Department  gives  the  following  data  in  an  article  published  in 
Engineering  and  Contracting,  Dec<  6,  1916. 

QtMntity  o/OrotU  Required  per  Unit  Area. — With  agrout  composed  of  1  part 
cement  and  1  part  sand,  it  has  been  found  that  1  barrel  of  cement,  with  an 
equal  volume  of  sand,  will  make  sufficient  grout  to  cover  the  areas  below  under 
the  two  types  of  bed  for  the  brick: 

4-In.  Brick  on  Ordinahv  Sand  Citshion 

32  sq.  yd.  if  repressed  brick  is  used. 
24  sq.  yd.  if  wire-cut  lug  brick  is  used. 

4-In.  Brick  on  ^-in.  Mobtab  Bbd 


30  sq.  yd.  if  repressed  brick  is  used. 
22  sq.  yd.  if  wire-cut  lug  brick  is  used. 
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It  win  be  noted  thai  by  using  the  mortar  bed  Instead  el  the  customarx  land 
owhioii,  an  equal  volume  of  grout  covers  a  smaller  number  of  sqttare  yiMs, 
this  being  due  to  the  fact  that  when  the  sand  cushion  Is  used,  soineoC  the  «aiid 
Sndt  Its  way  up  between  the  brick  and  prevents  the  entrance  of  the  grout  for 
the  full  depth  of  the  bride. 

It  has  been  found  that  10  gals,  of  water  are  neoeasary  to  build  complete  a 
i-fn.  brick  pavement  with  a  grout  fiUer  on  a  4-in.  concrete  base. 

Labor  Coal  for  OrtnUing  Brick. — ^In  some  of  the  state  Jobs  the  labor  cost 
varies  from  about  1.6  cts.  per  square  yard  to  8.9  cts.  These  matters  ate  so 
dependent  upon  the  efficiency  of  the  organization  rather  than  upon  the  rale 
per  hour,  that  the  cost  is  largely  dependent  upon  the  foreman  in  charge.  Asa 
ttir  average  figure  for  estimating  purposes,  \i^ien  labor  is  25  cts.  per  hour,  the 
actual  labor  cost  without  making  any  allowance  for  overhead,  etCf  i|  about 
2H  cts.  per  square  yard  of  brick  pavement. 

CoiC  of  Grouting  Brick  PaaemenU. — Engineering  and  Ck>ntracttalg,  Oct.  90, 
1015,  pid>liBhes  the  following: 

The  cost  of  1-1  grout  filling  for  58,000  sq.  yds.  of  brick  pavement  at  Center- 
vUle,  lows,  as  reported  by  M.  A.  Hall,  dty  engineer,  was  as  follows: 

Item  .     iQtTd., 

Soceeniiig  sand  at  20  ets.  per  hour Ol05 

Dry  mizen  at  22H  ets.  per  hour 0. 15 

W«t  mixers  at  20  ets.  per  hour 0.20 

Rubbers  at  20  ets.  per  hour 0: 48 

Wbeden  at  20  ets.  per  hour ^ 0. 18 

Other  men  at  20  ets.  per  hour 0;08 

Water  boy  at  10  cts.  per  hour 0.04 

Foreman  at  40  cts.  per  hour 0. 14 

Total  ha>or 1.17 

0.017  bbl.  eement  at  $2 8.40 

0.084  ton  sand  at  $1.05 0.85 

Total  maierials 8.75 

Grand  toUl 4.02 

On  28,500  sq.  yds.  of  this  pavement  the  labor  cost  of  grouting  Joints  Is 
reported  to  have  been  only  0.9  ct.  per  square  yard. 

The  costs  of  1-1  grout  fUling  and  »and  eovaring  for  six  sections  of  the  Bybeny 
and  Bensalem  service  test  road  built  by  the  Philadelphia  department  of  public 
works  are  reported  as  follows: 

Cts.  per 
Section  4  sq  yd. 

Cement  at  $1.30 3. 51 

Sand  at  $1.885 8. 87 

Labor 3.49 

Total 10. 67 

Cts.  per 
Section  8  sq.  yd. 

Cement  at  $1.80 8. 84 

Sand  at  $1.885 3. 84 

Labor 2.08 

Totm/, ^.^ 
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Cta.  per 
Section  10  sq.  yd. 

Cement  at  $1.30 3. 65 

Sand  at  $1.886 3. 32 

Labor 3. 50 

Total 10. 47 

Cta.  per 
Section  13  sq.  yd. 

Cement  at  $1.30 3. 66 

Sand  at  $1.886 3. 31 

Labor 1. 86 

Total 8. 88 

Cta.  per 
Section  18  sq.  yd. 

Cement  at  $1.71 *. 3. 56 

Sand  at  $2,015  4. 67 

Labor 3. 14 

Total 11.87 

Cts.  per 
Section  26  sq.  yd. 

Cement  at  $1.65 * 4. 66 

Sand  at  $1.82 3.  24 

Forms  at  $32  per  M 0. 32 

Labor ' 3. 63 

Total 11 .76 


* 


The  volumes,  per  square  yard,  of  sand  used  for  grout  and  covering  on  these 
six  seotions  were  as  follows: 

Area,  sq.  yds.  Cu.  yds.  sand  Sand,  cu.  yds.  per  sq.  yd. 

462.5  9  0.0196 

635.5  9.5  0.0177 

534.4  9.4  0.0177 

621.4  10.9  0.0175     . 

430  7.6  0.0177 

1.004.4  17.87  0.0177 

The  cost  at  Carlisle,  Pa.,  of  1-1 H  grout  filler  for  brick  pavement  laid  in 
1913.  with  wages  at  $1.60,  cement  at  $1.32  and  sand  at  $1.50,  waA  6v8  cts.  per 
square  yard. 

The  labor  cost  of  grouting  brick  pavement  laid  at  Fort  Worth,  Tex.,  in 

^914,  was  1.7  cts.  per  square  yard.    The  methods  were:  The  grout  for  the 

Uer  was  composed  of  equal  parts  of  cement  and  sand  and  enough  water 

» make  it  flow  properly.     An  average  of  0.021  bbl.  of  cement  per  square  yard 

as  used.     Two  grout  boxes  were  used  when  a  full  gang  was  working,  and 

here  the  work  was  extensive  and  the  weather  permitted  fast  bricklaying,  a 

lird  box  could  have  been  used  to  advantage.    To  keep  the  men  around  the 

oxes  from  standing  idle  waiting  for  a  batch  to  be  mixed,  the  cement  and  sand 

^ere  mixed  dry  on  the  concrete  base  or  on  the  finished  pavement  and  wheeled 

o  the  boxes  as  fast  as  needed.     This  shortened  the  length  of  time  of  mixing 

in  the  box  and  made  it  about  equal  to  the  time  it  took  for  the  other  box  to  be 

emptied,  thus  keeping  the  whole  gang  employed.    To  keep  the  cement  and 

sand  from  separating  the  grout  was  agitated  continuously  until  the  last 

bit  had  been  dipped  out.    The  first  pouring  was  made  thin  enough  to  flow  into 

all  cracks  and  was  kept  swept  ahead  by  means  of  steel  street  brooms.    After 
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the  first  pouring  had  progressed  25  to  40  ft.,  depending  upon  the  weather  and 
whether  or  not  the  brick  were  thoroughly  dry,  one  box  was  turned  back  to 
apply  the  second  and  final  coating.  This  second  pouring  was  mixed  thidcer 
than  the  first  and  rubber  squeegees  were  used  to  fill  the  joints  flush  and  keep 
the  blocks  free  from  surplus  grout.  To  obtain  the  H-in.  Joint  at  the  rail  it  was 
necessary  to  fill  it  flush  with  the  top  as  with  the  rest  of  the  pavement  and 
then,  before  it  has  set  hard,  to  clean  the  grout  out  with  pointed  stick  or 
trowel.  Soon  after  the  second  coat  of  grout  was  placed  the  whole  surface  was 
covered  with  about  H  in.  of  damp  sand.  On  dry,  hot  days  the  brick  were  well 
sprinkled  before  pouring  the  grout,  considerable  water  being  used  for  this 
purpose. 

Labor  Cost  of  Lajring  Brick  Gutter. — The  following  costs,  published  In 
Engineering  and  Contracting,  May  1.  1918,  cover  the  work  of  lajring  860 
sq.  yd.  of  brick  gutter,  12-ln.  wide,  and  include  all  lat>or  except  for  the  delivery 
of  materials.  The  gutter  was  laid  as  a  water  course  for  asphalt  pavement 
on  a  very  flat  surface.  The  curb  and  base  were,  of  course,  previously  in  place. 
The  items  covered  include  sorting  and  lajring  bricks,  cleanup,  grouting,  sand 
cushion,  etc.  The  work  was  done  during  good  weather  by  a  good  forema|i  but  • 
Indifferent  crew.  The  total  hours  for  the  three  items  listed  are  correct,  but 
the  work  of  spreading  cushion,  laying  brick,  etc.,  was  not  separated,  and  is, 
therefore,  included  under  the  single  item  of  "  Labor."  The  usual  standard 
speciflcations  goverfled  the  work  and  they  were  strictly  enforced,  particu- 
larly as  regard.s  grouting.  The  cushion  was  spread  dry  IH  in.  thick,  pre- 
viously thoroughly  mixed  in  the  proportions  of  1  part  cement  to  6  parts  sand. 
Orout  was  mixed  1 : 1  in  small  quantities  to  the  consistency  of  cream,  and 
spread  immediately  after  mixing.    The  labor  cost  of  the  work  was  as  follows: 

Persq.  yd. 

Foreman,  85  hrs.  at  50  et $0,040 

I^ibor.  729  hrs.  at  30  ct 257 

rioanup.  etc.,  61  hrs.  at  30  ct 021 

Total  (850  sq.  yd.  brick  gutter) tO.327 

Cost  of  Tearing  up  and  Replacing  Brick  Pavement  for  Trench. — F.  L. 

Shldler  gives  the  following  data  in  Engineering  and  Contracting.  June  2.  1915. 
The  trench  was  as  near  as  possible  to  the  curb  and  crossed  under  two  sets  of 
street  car  tracks  and  two  street  intersections.  The  costs  given  are  for  tearing 
up  brick  pavement  down  to  grout  base,  trenching  sand  cushion  and  replacing 
same,  relaying  brick  pavement  and  slushing  with  cement  filler  for  laying  a  wire 
conduit  for  ornamental  street  lights.    They  also  include  the  cost  of  sixteen 

1  ft.  4  in.  square  holes  about  10  ins.  deep,  cut  through  cement  and  stone 
sidewalks,  filling  these  holes  with  concrete  and  setting  four  base  bolts  in  each 
hole.     The  cost  for  the  post  holes,  etc.,  was  as  follows: 

Item  Per  hole 

Labor  cutting.  25  hrs.  at  50  cts SO. 78 

Labor  concreting 0. 31 

Total  labor $1 .09 

12  wood  templets  for  base  bolts 0. 19 

2  cu.  yds.  concrete  at  $3.00 0.45 

Miscellaneous ^  .W 

TotaJ  mAterials,  etc V^  ."\\ 

Ormnd  total %\  .^ 
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The  cost  of  the  trench  IH  ft.  wide  and  1,130  ft.  long  was  as  follows: 

Item  Lin.  ft. 

Tearing  up  and  cleaning  brick SO. 019 

Relaying  brick 0.025 

Teaming 0.004 

Total  labor SO. 048 

2  cu.  yds.  cushion  sand , 

4  bbls.  cement 

300  new  brick 

Miscellaneous 


Total  materials fO. 016 


Grand  total SO. 064 


Removing  Block  Pavement  Between  Traek  Rails  by  Plowing. — (Engineer- 
ing and  Contracting,  June  7,  1916.)  For  two  years  the  Cleveland  Ry.  Co. 
has  used  a  special  plow  for  rooting  up  block  pavement  between  rails  when- 
ever reconstruction  of  track  was  required.  The  plow  first  built  was  experi- 
ment and  somewhat  crude  in  detail.  The  apparatus  consists  of  a  cast  steel 
spear-shaped  blade  with  shallow  mold  boards  attached  to  the  front  end  oi  a 
steel  frame  truck  mounted  on  car  wheels.  The  truck  has  a  wooden  body  In 
which  the  necessary  counter  weighting  load  can  be  i^aoed.  In  operation 
the  truck  is  pulled  by  a  work  train  and  the  plow  blade  loosens  the  pavement 
as  illustrated.  The  designer  of  this  plow,  Chas.  H.  Clark,  Engineer  Mainte- 
nance of  Way,  Cleveland  Ry.  Ca,  furnishes  the  following  data:  Cleveland 
Railway  Co.  has  had  one  of  these  pavement  plows  in  operation  for  .the  past 
two  years,  during  which  time  we  have  made  some  very  remarkable  records; 
the  following  are  only  a  few  of  the  many  instances  in  which  the  plow  has 
worked  and  the  time  in  which  it  has  taken  up  the  pavement: 

4 ,  500  ft.  on  Woodland  Ave.  in  28  minutes. 

8 ,  200  ft.  on  Woodland  Ave.  in  30  minutes. 

1 .  500  ft.  on  E.  55tb  St.  in  12  minutes. 

1 .000  ft.  on  Euclid  Ave.  in  front  of  Hotel  Statler  to  E«  Qth  St.  in  4  minutes. 

1 ,475  ft.  on  Lorain  Ave.  in  13  minutes. 

Cost  of  Cleaning  Old  Paving  Brick  by  Compr  eased -Air  Hammers. — Charles 
S.  Butts  gives  the  following  data  in  Engineering  News,  July  23,  1914.  . 

The  construction  of  the  Rocky  Branch  Joint  district  sewer  at  St.  Louis,  Mo., 
involved  the  disturbance  of  a  considerable  extent  of  paved  street.  The  work 
is  5,724  ft.  long  (on  Blair,  Palm  and  Glasgow  Aves.)  and  was  done  by  the 
James  Black  Masonry  &  Contracting  Co.,  at  a  price  of  about  8500,000. 

Of  the  total  length,  4,600  ft.  was  in  streets  having  brick  paving  grouted  with 
cement,  thf  paved  width  being  17  to  30  ft.,  and  the  total  paved  area  being 
about  10,000  sq.  yd.,  with  about  530,000  brick.  The  specifications  require 
the  contractor  to  repave  the  streets  and  leave  them  in  as  good  a  condition  as 
before  the  construction  of  the  sewer. 

The  question  was  (and  always  has  been)  whether  It  pays  to  clean  vitrified 
paving  brick  (cement  grouted)  for  use  in  repaving  streets.  In  cleaning  them 
by  hand  a  man  can  dean  about  300  a  day.  And  at  84.50  per  1 ,000  (which  was 
paid  for  this  method  of  cleaning)  he  would  make  only  81.36  per  day.  In 
order  to  make  it  any  inducement  to  dean  them  by  hand  about  S9  per  1,000 
would  have  to  be  paid.  The  contractor  finding  this  method  not  only  slow 
but  also  unsatisfactory,  abandoned  the  hand-cleaning  method  and  adopted 
the  Ibllowlng.  machine  method  which  has  proved  very  satisfactory. 
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An  aM/VMOBin-etoMitng  wagon  wm  obtained  and  aet  up  in  »  ooovMilent 

tocalfcm  al  IIkb  pOe  of  brick  to  be  ofeaned  and  used  aa  an  air  compreiaor.   A 

H-in.  anpply  pipe  was  run  to  a  deanlng  board,  and  to  It  were  conneeted 

H-ln.  boae,  to  eaeb  of  which  was  attached  a  GH-lb.  stone-maaon's  vlbratliig 

atr  hanuner.    The  hammerB  had  1-in.  chisel  points  for  fieaning  the  portland- 

oemenl  gmiit  from  the  brick.    A  bench  was  built  and  about  70  bricks  placed 

on  it  with  the  side  upward.    One  side  and  one  end  were  cleaned  first;  then  they 

were  turned  and  other  side  and  other  end  were  cleaned.    As  there  was  no 

oement  on  top  or  bottom  it  required  only  one  turn  to  complete  the  cleaning. 

The  capacity  <lf  thia  particular  machine  is  three  hammers,  and,  as  the  follow- 

liig  table  ahowB.  the  more  hammers  operated,  the  cheaper  the  brick  can  be 

cleaned. 

1  bam-  2  ham-    8  liam- 
nier       inen        HMtv 

No.  brlok  flbanad  per  day IJOO  S,400  8,600 

Oaaaiiv  bdek,  88  per  1 JMO 88.40  84.80  87.80 

Tondngbrlek,  81  per  1.000 1.20  2.40  3.60 

GaacHDelorBUMUne 1.40  1.40  1.40 


••« 


Coat 88.00    88.60    812.20 

8  %  f or  oure  of  tools,  eto 0.25      0.43        0.61 

Total  oort 86.25    80.03    812.81 

1.000  briok 4.375  83.762  8  3.8558 


The  difference  In  cost  per  1,000  is  due  to  the  gasoline  used,  it  costing  81.40 
pet  day  to  run  the  machine  whetlier  one,  two  or  three  hammers  are  used.  To 
the  above  costs  per  thousand  for  cleaning  must  l>e  added  about  82  for  hauling 
to  tlie  pile  and  back  on  the  street,  which  would  make  the  cost  (using  the  two- 
hammer  price)  85.70  per  1.000.  This  i^alnst  810  per  1.000  for  new  brick 
makea  a  earing  of  810.24  per  1000  fOr  the  amall-aiae  brick  (2H  X  4  x  8H 
in.).  The  large  paving  brick  now  in  use  (3K  X  8H  X  4H  in.)  would  coat 
about  84.50  per  1,000  to  dean,  plus  82  fOr  hauling,  making  86JM>  per  1,000 
against  438  for  new  brick,  a  saving  of  815JM)  per  1.000. 

Coat  of  Cleaning  Paving  Brick  by  Cempressed  Air  Power. — C.  O.  Cum- 
mings  gives  the  fallowing  matter  in  Bnginaertng  and  Contracting,  March  7; 
1017. 

An  intereatlng  appUeation  of  a  portable,  self-contained,  engine-driven  air 
compressor  was  developed  some  four  years  ago  by  C.  F.  Crowley.  Com- 
miasioner  of  Public  Works,  of  the  dty  of  Troy.  N .  Y.  This  consists  in  remov- 
ing and  deanlng  old  paving  brick.  The  equipment  used  for  this  work,  which 
waa  purdiased  in  1013,  consisted  of  a  15-H.P.  Sullivan  Class  WK-8,  port- 
able, single  stage  air  compressor,  the  compressor  being  operated  by  a  gasoline 
engine,  mounted  on  the  same  truck  with  the  compressor,  and  operating  the 
compressor  through  a  gear  and  pinion. 

This  outfit  furnished  compressed  air  for  a  Sullivan  "DA- 15."  25-lb.  plug 
driU.  and  a  SuUivan  "  DB-13"  hand  bushing  tool  equipped  with  bits  like  that 
on  a  cold  chisel.  The  larger  of  the  two  tools  is  used  for  tearing  up  the  brick, 
and  the  smaller  for  deanlng  the  old  mortar  and  grout  from  them.  With  the 
plug  drill  one  man  can  remove  4  sq.  ft.  of  pav^nent  in  15  or  20  minutes,  taking 
the  bricks  up  either  one  brick  at  a  time  or  several,  as  desired.  When  doing 
this  work  by  hand,  the  workmen  were  frequently  obliged  to  break  several 
bricks.  whk:h  were  perfectly  good,  in  order  to  get  out  one,  so  that  the  loes  wan 
considerable. 

BeHan  the  puniiMBe  of  tbla  outfit  the  coat  of  reimoivVng  an<&  cSyBVD&n«\)>f«3M^ 
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by  hand  was  $24  per  thousand  and  a  crew  of  10  men  was  able  to  handle  about 
1,000  bricks  per  day.  The  detailed  cost  ot  operating  the  compressor  and  drill 
outfit  was  as  follows: 

1  compresaor  engineer $  3. 00 

7  gallons  of  gas  at  18  cts 1 .  26 

4  operators  at  $1.86 7 .  40 

Lubricating  oil > -25 

Total  cost  per  day $11 .91 

The  above,  of  course,  does  not  include  interest  or  depreciation.  Mr. 
Crowley  estimates  that  about  2,000  bricks  are  removed  and  cleaned  in  eight 
hours  with  the  two  tools.  Thid  brings  the  cost  of  t'aldng  up  and  cleaning  to 
$5.96  per  thousand  brieves.  On  work  done  with  this  outfit  in  1914  a  crew  of 
40  men  was  cut  down  to  18  men.  It  is  estimated  that  this  outfit  pays  for 
itself  on  every  100,000  bricks  taken  up  and  cleaned.  Savings  included  labor 
on  the  brick,  saving  in  the  sand  cushion,  saving  in  time  in  making  the  bed 
under  the  brick  and  in  laying  the  brick.  Cement  and  grouting  are  also 
saved. 

Mr.  Crowley  gives  the  following  table  showing  the  number  of  bricks  cleaned 
each  year  and  the  saving  made  by  the  use  of  this  outfit: 

Brick  cleaned  Saving 

1913 229,000  $4,122 

1914 1  82,200  1.480 

1915 356,000  6,400 

1916 100.000  (Eat.)       1,800 

767.200  $13,602 

Cost  of  Toothiitg  Briek  Paving  witk  Air  Compeessor. — The  Higfawivys 
section  of  the  Department  of  Public  Improvttfaents  of  Baltimore,  Md.,  is  using 
air  compressors  in  connection  with  its  work  of  toothing  brick  pavements. 
The  f(dkiwing  information  on  thia  work,  given  by  H.  M.  Cooksey,  Is  pnbliified 
in  Engineering  and  Contracting,  Aprfl  4v'  1917.  In  doing  this  work  by  hand, 
stone  cutters  are  employed  in  preference  tb  laborers,  this  having  been  found  to 
be  more  ecpnomteal,  as  the  latter  class  ruined  much  good  paving.  The 
average  day's  work  for  a  stone  cutter  is  25  lin.  ft.  of  toothing  at  $4.50  per  day, 
which  equals  18  cts.  per  ft.  The  average  day*8  work  by  machine  is  800  lin.  ft. 
of  toothing  at  a  cost  of  $6.79  per  day  or  about  2.26  cts.  per  ft.  The  cost  of 
the  machine  work  indudes  the  following  items: 

5  gal.  of  gasoline $10-5 

1  gal.  CTrlinder  oil 26 

I  gal.  Polarine  oil 28 

1  specifd  laborer 2. 50 

1  special  laborer 2. 75 

Total J. $6.79 

The  equipment  consisted  of  one  No.  2  portable  compressed  air  outfit,  with 
hose  connections  for  hammers,  made  by  Chris.  D.  Schramm  &  Son,  Phila- 
delphia, Pa.,  and  two  No.  2  Thor  chipping  hammers.  The  city  purchased 
three  Thor  hammers,  so  that  it  would  have  one  in  reserve,  should  the  one  in  use 
get  broken  or  out  of  order. 

Cost  of  Concrete  Road,  AUen  County,  Iiid. — ^The  following  data,  are  taken 
from  Engineering  and  Contra^ing.  Feb.'  6,  1918. 

The  road  was  built  in  the  period  from  June  -11  to  Oct.  12,  1917.  The 
pavement  was  12,263  ft.  in  len^h  and  16  ft.  wide,  the  total  surfaced  area 
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MiiiTiffHf*Tg  to  21,801  wfi,  yd.  The  aTenffS  qwdof  ol  the  tnosvene  aspan- 
lion.  Jolnti  was  86  ft.  Axinorod  Joint  protection  platee  and  H-^  Joint  flUer 
were  used.    The  ayeraee  thicknees  of  the  ooocrete  was  7.3  in. 

Tlia  eqytpment  emplojed  on  the  paving  wwk  include  a  Koehring  No.  11 
pftver  of  the  boom  and  bucket  type,  a  Ward  gasoline  pitesure  pump  and  3,000 
ft.  of  d-in.  water  line.    Wooden  sldefonni  and  wooden  stakes  were  used. 

Tbe  conorete  was  a  1:2:3  mixture,  washed  sand  up  to  ^  in.  in  sijie  and 
waahed  giavelH  in*  to  IH  in- being  used  for  aggregate.  The  organisation  of 
the  paying  gang  was  as  follows: 

No.  of  men  Distribution  (variable) 

2  Settioc  forms. 

1  Iiitt,>liing  armor  plates. 

2  HandUnc  cement. 
10  Handling  agfregatee. 

2  Operating  nuxer  (1  fireman). 

2  Putcinft  concrete  (sometimee  3  or  4). 

1  Finiehing  pavement. 

1  Foreman. 

One  team  hauled  the  cement.  The  subgrade  usually  was  kept  leveled  \t$ 
one  or  more  men.  When  necessary  one  man  was  specially  detailed  fOr 
gnMling.  The  f ocms  were  removed  and  the  pavement  covered  by  the  entire 
force. 

The  cost  of  the  nuiterials,  all  prices  being  f.o.b.  Fort  Wayne,  Ind.,  was  as 
follows: 

Cement,  per  bbl..  net $1 .  60 

Aggregates,  pe^  ton. 0. 5275 

Protwition  pltttea,  per  joint-foot 0. 125 

Joint  filler,  per  ft 0.04 

A  10-hour  day  was  worked,  the  wage  basis  being  as  follows: 

Motor  trucks  (3-  and  4-ton) $30. 00 

Teams 6.00 

Experienced  men 3. 00  to      3.50 

Ordinary  labor 2.75 

Forenum 4.50 

Qrading, — ^Thla  covered  the  bringing  of  an  old  gravel  roadbed  on  red  day 

soil  to  the  proper  grade.    The  material  was  loosened  with  plow  and  road 

grader  and  shoveled  into  dump  wagons.    It  was  spread  with  shovels  and  road 

machine.    The  cost  was  as  follows: 

Per  cu.  yd. 

wacona $0. 26 

and 


Plowhig  and  grading 0.068 

,06 
to. 479 


Spreading  on  dump 0.076 

Hauling  first  100  ft. 0.( 


Hauling  Aggregate. — The  hauling  was  done  with  3-ton  and  4-ton  trucks,  the 
average  length  (A  haul  being  1.7  miles.  A  5-ton  Qalion  power  unloader  was 
uaed  in  handling  the  material.  The  cost  of  loading  the  trucks  was  approxi- 
mately 0  cts.  per  cubic  yard.  The  actual  cost  of  hauling  was  42  cts.  per  cubic 
yard. 

Paving^  Labor  Cottt. — ^A  2-bag  batch  (12  cu.  ft.)  was  mixed  in  drum  from 
hi  U>  H  minute.  Five  No.  2  wheelbarrows  were  used  for  supplying  the 
mixer.  The  batch  of  concrete  was  dumped  from  the  bucket  and  shovctedVo^ 
place.    Tbe  aurtace  of  tbe  pavement  was  hand  floated,  Wv&  \oVii\a  VaSubEi^i^ 
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troweled  and  the  edges  of  the  slab  rounded.  The  maxhnum  cost  of  this  work 
was  16  cts.  per  square  yard  or  79  cts.  per  cubic  yard  of  concrete.  The  mintrnniw 
cost  was  9.6  cts.  per  square  yard  or  47.3  cts.  per  cubic  yard. 

Covering  Pavement. — ^Earth  ranging  in  texture  from  loOse  top  soil  to  hard 
soil  was  shoveled  from  the  berms  and  dltdies  and  spread  on  the  concrete.  The 
average  depth  of  the  covering  was  2  in.  The  ma3timum  cost  of  covering  was 
3.1  cts.  per  square  yard,  and  the  minimum  cost  was  H  ct.  per  square  yard. 

Summary  of  Costs, — ^The  following  summary  represents  tiie  average  cost 
for  20  days*  worlc: 

Cost  per      Cost  per 
sq.  ya.         ou.  yd. 
Item  pavement     ccmcrete 

Cement 10.64  S2.66 

Cost  of  aggregates 0. 19  .  0 .  95 

Hauling  aggregates 0. Oil  0. 54 

Loading  ag^egates 0.023  0.116 

Expansion  joint  complete 0.063  0.31 

Paving;  operations 0 .  133  0. 651 

Covering  pavement 0.015  0.074 

Removing  earth  eover 0.006  0.024 

Overhead  and  miscelUneous 0.065  0.319 

Totab. ...:....: $1 .  144        $6. 643 

The  item  "Misoellaneous"  includes  fuel,  oiU  repairs,  depreciation  and 
one-way  moving  expense  of  plant. 

The  total  number  of  hours  on  the  work  was  1,065.  The  nmnber  of  hours 
lost  due  to  rain,  lack  of  materials,  and  miscellaneous  delays  was  498.  This 
makes  the  actual  number  of  working  hours  567.  The  misodlaneous  delays 
include  minor  delays  due  to  mechanical  troubles  of  plant,  short  intervals  of 
waiting  for  materials,  etc  The  average  yardage  of  pavom^t  laid  per 
working  hour  was  38.4  sq.  yd. 

Cost  of  Arizona  Federal  Aid  Concrete  Road. — The  following  data  given  in 
Engineering  and  Contracting,  Feb.  4,  1920,  relate  to  the  construction  of  a 
concrete  pavement  on  the  Phoenix-Temple,  Ariz.,  highway,  Arizona  Federal 
Aid  Project  No.  2.  The  work  was  done  during  January  and  February,  1919, 
by  forces  of  the  Arizona  State,  Highway  Department  under  the  supervision  of 
Clyde  E.  Learned,  Senior  Highway  Engineer,  U.  S.  Bureau  oi  Public  Roads, 
Who  furnished  the  matter  in  this  article. 

The  cost  data  cover  about  three-fourths  of  the  length  of  road  oonstruetion. 
The  work  involved  2.92  miles  of  18-ft.  wide,  5-in.  thick.  1:2:4  concrete  pave- 
ment. The  total  number  of  cubic  yards  of  concrete  placed  was  4,397,  equiva- 
lent to  31,658  sq.  yd.  of  pavement,  giving  a  ratio  of  1  cu.  yd.  to  7.2  sq.  yd. 

The  subgrade  was  composed  of  an  old  surfaced  road  of  caliche  conglomerate 
and  mixture  of  decomposed  granite  and  caliche,  which  was  very  hard  to  work. 
The  preparation  of  the  subgrade  for  the  concrete  was  very  expensive,  but  an 
exceptionally  good  piece  of  work  was  performed. 

The  mixing  was  done  with  a  new  No.  22  Ko^ring  paving  mixer,  using  a 
3-bag  batch.  1.57  bbl.  of  cement  were' used  per  cubic  yard  of  concrete  in 
place;  0.48  cu.  yd.  of  sand,  and  0.89  cu.  yd.  of  stone.  The  wooden  side  forms 
were  2  in.  X  5  in.  and  were  left  in  place. 

Water  was  piimped  a  maximum  distance  of  IH  miles.  Trouble  was  expe- 
rienced with  the  pumps  as  they  were  of  too  small  a  capacity.  The  pipe  was 
old,  and  the  line  was  poorly  laid. 

Common  labor  and  teamsters  were  paid  $3.50  per  8-hour  day.    State 
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teuDB  wen  med  and  were  figured  at  $6  per  day  for  team  and  driver.  The 
bsaiiDg  oQsts  were  exceptionally  high  due  to  poor  handling  of  teams.  The 
eniahing  costs  also  were  high,  due  to  poor  setting  of  crushing  plant,  constant 
breakdowns  and  changing  of  foremen. 

The  oiganfsstion  of  the  concrete  gang  was  very  good,  the  average  dally  nm 
being  450  hn.  ft.  and  the  maximum  daily  run  540  lin.  ft.  The  gang  was  made 
up  as  follows: 

Per  day 

1  foreman $    6.00 

1  mijBar  engineer  (mibm  ennne) 5. 50 

I  buoket  man  oo  boom  of  mizw 4.00 

1  pump  man 4.00 

2  fittia&en,  roUing,  belting  and  finiahinie  joints 0.00 

S  strike  board  men  (ecreening  and  tampinc)  at  $4 8.00 

2  eoBsrete  spreaders  at  93.75. 7.50 

1  handy  man,  installinc  JointB,  wetting  subgrade,  «to 8. 50 

4  men  wfaeslinc  and  loamnc  stone  wheelb«iTOws  at  $8.50 14,00 

2  men  wheehnc  and  loadinc  sand  at  83.50 7.00 

4  extra  men  lottdinc  stone  to  wbeelbaxrows  at  83.50 14.00 

1  extra  man  loading  sand  to  wheelbarrows  at  83.50 3. 50 

1  man,  cement  to  hopper,  from  side  forms 4.00 

1  water  boy,  also  spotting  piling  of  cement 8.00 

1  watchman  wetting  down  concrete 8. 50 

2  men  dyking  for  curing  and  wetting  down  concrete  at  83.50 7.00 

27  men.  Total 8108.50  * 

An  additional  pump  man  required  nights  for  about  one-third  of  time. 

The  Itemised  cost  of  the  pavement  was  as  follows: 

Cost 
percu.  yd.. 
Labor:  concrete 

Supervision  (foreman  and  timekeeper) 8        0.08 

Preparation  of  subgrade.  including  dragging,  rolling,  wetting  down, 

harrowing  and  trimming 0. 57 

Setting  wooden  side  f(»ms,  including  trenching  for  same.    (Forms 

remain  in  place) .45 

Loading  materials,  mixing,  placing  and  curing  concrete,  pumping 

water,  watchman,  cleaning  off  pavement  and  cutting  expansion 

joint  fiUer 1. 12 

Damping  and  spreading  sand  and  stone  on  snbgrade .06 

!!!!!!!!!!  !o^ 


Dumping  and  sprMding  sand  and  stone  on  snbgradi 
Pipe  line,  hauling,  laying  and  removing  (estimated). 
Assembling  and  dismantling  mixer  (estimated) 


Total  labor • 8        2.45 

Concrete  Materials: 

Cement—  Per  bbl. 

F.  o.  b.  Phoenix  (net) 8        3. 17 

Loading  and  unloiading .13 

Hauling,  average  haul  1  mile .11 

Return  freight  and  bag  losses  (estimated) .05 


Total  cost  per  bbl 8  3. 46 

Cost  (1.57  bbl.)  per  cu.  yd.  concrete 5. 43 

Sand —  ^  Per  cu.  yd. 

Premium T 8  0.10 

Hand  screening  at  pit  (part  of  supply) .40 

Loading  at  pit  (total  supply) .40- 

Haulinji^  pit  to  crusher  (yi  mile  bad  haul) .82 

Screening  at  crusher  (oart  of  supply) .20 

Hauling  to  road  (3-mile  average  naul) 1 .40 

Cost  per  cu.  yd.  on  road %  ^.%SL 

Ctmt  (0.48  eu.  yd.)  per  cu.  yd.  concrete \.1Jb 
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Gravel  (State  Plant):  Per  cu.  yd. 

Premium $        0. 10 

Loading  at  pit .48 

Hauling,  pit  to  orusher  (K  mile  bad  haul) .32 

Crushing  and  screening 1 .  02 

Hauling  to  road  (3-mi^  average  haul) 1.40 

Cost  per  cu.  yd.  on  road $         3. 32 

Crushea  Stone  (Tempe  Commercial  iHant): 

Cost  in  bin,  $1.85  per  ton  X  2460/2000 $         2.28 

Haul  to  road  (3-mile  average  haul) 1.40 

Cost  per  cu.  yd.  on  road $         3. 68 

Composite  price  of  gravel  and  crushed  stone 3 .  50 

Cost  (0.89  cu.  yd.)  per  cu.  yd.  concrete 3.11 

Total  cost  cement,  sand  and  stone,  per  cu.  yd.  concrete 9.80 

Expansion  joints  (Carey's  Elastite) .10 

Materials  and  Repairs:  Cost 

Mixer —  per  day 

Gasoline,  22  gal.  at  S0.25 $        5. 50 

Oil,  grease,  waste,  etc 1 .  00 

Cost  of  50  days 300. 00 

Pumps- 
Gasoline,  8  gal.  at  $0.25 2. GO 

Oil,  grease,  waste,  etc .50 

Cost  per  day $        9. 00 

Cost  of  60  days 460.  GO 

Crushing  Plant: 

Coal,  >4  ton  per  day  at  $7.60 $        5. 00 

Oil,  grease,  waste,  etc 1.00 

Cost  per  day $        6. 00 

Lump  sum 

Repairs  on  mixer  (estimated) $      20. 00 

Repairs  on  pumps  (estimated) 200. 00 

Repairs  on  crusher  (estimated 500.00 

Total  cost,  fuel  and  repairs » $1 ,470. 00 

Per 
Side  Forms  and  Stakes:  station 

Side  forms,  200  ft.  B.  M.  at  $45.00 $        9. 00 

Stakes  and  nails 1.00 

Total  cost  for  28  yd.  concrete $       10. CO 

Interest  and  Depreciation:  Lumpsum 

Mixer  cost,  $4,360,  at  10  oer  cent $    436. 00 

Two  pumps  and  engines,  $400,  at  10  per  cent 40. 00 

Pipe  line,  connections,  etc.,  $5,000,  at  10  per  cent 500. 00 

Car  subgrader,  $400,  at  10  per  cent 40 .  00 

Small  tools,  hose,  etc.,  $500,  at  50  per  cent 250. 00 

Cement  house,  $300,  at  50  per  cent 150. 00 

Crushing  outfit,  $4,000,  at  16  per  cent 600. 00 

Dump  wagons,  $3,000.  at  10  per  cent 300.00 

Total  interest  and  depreciation $2.316. 00 

SuMMAxr  OF  Cost 

Per  cu.  yd. 

concrete  in 
•  road 

Labor $        2.46 

Cement • '      5.43 

Sand 1 .  36 

Gravel  and  crushed  stone 3. 11 

Expansion  joints .10 

Materials  and  repairs  for  plant .33 

Side  forms  and  stakes .36 

Interest  and  depreciation  on  plant .40 

Total  per  cu.  yd.  concrete $      13. 63 

Total  cost  of  concrete  pavement  per  eu.  yd 13. 53 

Total  cost  of  cbncrete  pavement  per  sQ.  yd 1 .  88 


I 
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Tte  flaisliad  ooncrete  road  was  an  esoepiiooaUy  good  piece  of  work. 

C«wl  of  Vadaral  Aid  Concrete  PaTomont  in  Colorado.— -Engliieering  and 
ConlractUigt  Feb.  4, 1920  publiahea  the  following  infoniiation  giVien  by  Clyde 
E.  Leanied,  of  the  U.  8.  Bureau  of  Public  Roads,  under  whose  superrlsion 
the  road  was  built. 

Coloiado  fMeral  Aid  Project  No.  1  comprlMd  the  construction  of  a  con- 
crete paToment  on  the  Denver-Littleton  road.  The  pavement  was  a  1:2:S 
mix.  16  ft.  wide,  and  6H  ^  thick  at  sMes,  and  OH  in.  thkdc  at  the  center. 
The  total  number  of  square  yards  was  36,074  which  required  the  placing  of 
6;826  cu.  yd.  of  concrete  giving  aratio  of  1  cu.  yd.  to  5.86  sq.  yd.  of  pavement. 
The  work  was  done  by  contract.  It  was  commenced  in  July,  1918,  and 
finished  in  November  of  that  year. 

The  mixing  was  done  in  a  No.  614  Smith  Chicago  paver  with  rotary  dis- 
tributor. The  slse  of  batdi  was  8H  bags.  This  mixer  had  been  in  use  for  T 
years.    The  side  forms  were  wood,  and  they  were  used  over  again.  ' 

The  fine  grading  and  preparation  of  subgrade  were  very  poor,  and  this 
occasioned  delays  in  front  of  the  mlxto.  The  concrete  pavement  work  waa 
delayed  consideraMy  owing  to  lade  of  facilities  for  ftamifllilng  mateifals  fast 
enough  to  keep  the  mixer  in  contlnuoos  operation. 

Common  labor  and  teamsters  were  paid  64  to  64.60  per  O-hoor  day.  Team 
and  driver  were  i>aid  at  the  rate  of  67  per  day.  The  average  haul  on  cement 
was  H  mile;  on  sand  ^  mile,  and  on  gravel  H  mile. 

The  size  of  the  concrete  gang  was  dependent,  to  a  great  extent,  cm  tho 

abniiy  of  the  contractor  to  get  and  keep  enough  laboren  to  carry  on  the  work. 

From  the  beginning  of  the  pavement  work  on  July  19  to  the  last  of  August, 

the  ooncrete  gang  was  made  up  as  foUows,  and  the  following  scale  of  wages 

prevailed  per  9-hour  day: 

Pwday 

1  foreman 6    7.00 

1  mixer  operator  (attends  to  firing) 6.00 

1  man  reaolatin^  water  for  batch  and  dumping  mixer 4.00 

1  boy  on  revolving  distributor  spreading  ooncrete  and  wetting  tub- 
grade.  . .,.. 8.76 

_  m  "*  .       .  - 

3 


to  belt  concrete  and  move  oridge 4.00 

3  grade  men  around  mixer  leveling  up  subgrade  and  tami^ng  where 

necessary,  at  64.00 8.00 

2  men  moving  and  setting  forms  also  installing  joint  material,  at 

64.00 8.00 

3  men  carrying  and  putting;  cement  into  mixer  hopper,  at  64.00. . .  8.00 
2  men  on  mixer  hopper  assisting  in  dumping  wheeiDarrows,  moving 

mixer  runways,  and  taking  care  of  hose  from  pipe  line  to  mixer, 

at  63.76 7 .  60 

6  men  on  two  sets  of  gravel  wheelbarrows,  loading  and  wheeling,  at 

64.26 26. 60 

2  men  on  one  set. of  sand  wheelbarrows,  loading  and  wheeling,  at 

64.35 8. 60 

2  extra  men  loading  gravel  in  wheelbarrows,  at  63.75 7 .  50 

1  extra  man  loading  sand  in  wheelbarrows 3. 75 

3  men  covering  and  wetting  concrete,  at  63.75 U .  25 

I  water  boy 1 .  50 

1  night  watchman,  wetting  concrete  and  taking  care  of  fire  on  mixer  4.00 

33  men.        Total 6136.50 

The  average  daily  run  of  this  gang,  when  material  waa  on  \:AXMi«  "wia  ^3^ 
Jin.  ft.  ot  pavmnent  per  day,  the  maximum  run  being  70  Vkn.  U.,  ^>Qfc  titew^ 
rum  being  equlvsUent  to  the  placing  of  146  and  173  ca,  y^.  ^  «»QCK^ft. 
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From  the  flrst  p^  of  September  to  the  end  of  the  work  on  Nov.  6,  the  con- 
crete gang  was  smaller,  averaging  about  25  men»  and  differed  from  the  above 
organization  as  follows: 

The  man  spreading  concrete  was  eliminated,  his  work  being  done  by  the 
strike  board  men,  who  were  advanced  to  $5  per  day. 

Where  two  men  had  previously  been  used,  one  man  was  now  used  on  each 
of  the  following:  grading  in  front  of  the  mixer,  handling  cement  to  material 
hopper,  and  moving  and  setting  forms.  These  men  were  advanced  60  cts.  to 
$1  per  day.  The  men  used  for  covering  up  were  eliminated,  as  tnis  work  was 
performed  each  morning  by  the  whole  gang  before  any  concrete  was  laid. 
One  of  the  extra  men  loading  wheelbarrows  was  also  ^iminated,  and  the  pay 
of  the  wheelbarrow  men  was  raised  to  $4.50  per  day. 

The  total  wagosi  per  day  for  these  25  men  were  $112.50,  and  the  average 
vnd  maximum  daily  runs  were  420  and  505  Un.  ft.  of  pavement,  this  being 
equivalent  to  the  placing  of  128  and  154  cu^  yd.  of  concrete.  This  gang  had 
the  maximum  weekly  run  of  2,370  Un.  ft.  ot  pavement*  which  was  accom- 
plished in  5H  working  days. 

The  organization  of  the  concrete  gang  wat  very  good,  and  the  work  went 
along  very  smoothly,  the  only  serious  trouble  being  the  lack  of  materials. 

The  following  tabW  sho^ws  the  coit  of  the  pavement: 

COBt 

per  cu.  yd., 
coQcrete 

Labot: 

Stiperviaion  (foremaB  and  timekeeper) $0. 175 

Prei>aratiQn  o{  eubgrade  for  concrete. •  059 

Setting  and  moving  forms .' .  066 

Loading,  mixing,  placing  and  finishing .094 

Covering,  cleaning  off,  cutting  joints .096 

Pipe  line,  hauling,  laying  and  removing 063 

Assembling  and  dismantling  mixer -012 

Afixer — to  and  from  job — Denver -010 

Total  labor $1,472 

Concrete  Materials:  _     ^.  . 

Cement—  Per  bbl. 

F.  o.  b.  mm »l-28 

Freight •. J2 

Loading,  haulmg  and  unloading .15 

Freight  return  bags  and  losses -Oo 

Total  cost  per  barrel *?-59 

Cost  per  cu.  yd.  concrete  (1.70  bbl.) 4.25 

Sand—  Percu.  yd. 

Average  cost  screened  in  piles  or  at  pit $1 .  00 

*Loading  and  hauling  to  road .50 

Cost  per  cubic  yard •..•••, x  ■     *^  '59 

Cost  per  cu.  yd.  concrete  (0.60  cu.  yd.,  which  allows  for  waste) .  .90 

Gravel~^  * 

Average  cost  screened  in  piles  or  at  pit ^^  Si 

'Loading  and  hauling  to  road -00 

Cost  per  cubic  yard  • ..... ... ....  • . ...     $1. 80 

•Loading  and  hauling  combined,  as  dnvers  helped  load  materials. 
Cost  per  cu.  3rd.  concrete  (0.80  cu.  yd.,  which  allows  for  waste)       144 

Total  cost  cement,  sand  and  gravel  per  cu.  yd.  concrete $5  5? 

^i^ter-.|Vom  Denver  and  littkton  water  mains. •"xSe 

Joints— Carey's  Elastite,  ji  in.  premoulded  asphalt 066 
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CcMt 

Materials  and  Repairs:  perou.  yd., 

Mixer —  concrete 

Coal,  price  $8.00  per  ton SO. 061 

Oil.  waste  and  packins .  006 

Repair  parts 012 

Total  mixer $0,009 

Side  Forms — Lumber  and  pins .016 

Total  cost  of  materials  and  repairs $0. OS.'S 

Interest  and  Depreciation: 

Mixer.  $2,300.00.  at  15  % $345.00  $0,055 

Pipe  line  and  connections.  $750,  at  15  % 112.50         .018 

Small  tools,  hose,  etc.,  $140,  at  50  % 70.00         .011 

Total  interest  and  depreciation $0,064 

8x71111  AST  or  Co«T 

Per  cu.  yd. 
concrete 
in  road 

Ubor $1 .472 

Cement 4.260 

Sand 900 

Gravel 1 .440 

Water • 060 

Joints 066 

Materials  and  repairs  f oi  plant .  069 

Side  forms 016 

Interest  and  depreciation  on  plant .084 

Total  per  cu.  yd.  concrete 8. 366 

Total  cost  of  concrete  pavement  per  cu.  yd $8,366 

Total  cost  of  concrete  pavement  per  sq.  yd $1 .427 

Craw  Organization  lor  Concrete  PaTement  Work. — An  organization  capable 
of  turning  out  600  to  700  sq.  yd.  of  concrete  per  day  for  road  con?truction 
under  conditions  prevailing  in  Western  Washington  Is  outlined  in  Concrete 
Highway  Magazine,  from  which  the  matter  following  is  abstracted  in  Engi- 
neering and  Contracting.  Oct.  2,  1018. 

Materials. — In  many  cajiies  sand  and  pebbles  have  been  obtained  near  the 
road  to  be  paved,  and  as  a  rule  the  sand  and  gravel  banks  have  sufficient 
elevation  to  allow  sluicing  the  material  into  bunkers.  With  the  many  Btreams 
in  western  Washington,  water  is  usuaUy  near  by  in  large  quantities. 

Under  these  conditions  and  with  the  following  crew  at  the  pit  and  bunkers, 

260  cubic  yd,  per  day  can  be  turned  out. 

1  man  for  pump  and  engine.  ^ 

1  man  at  nossle  nluicing  in  pit. 

1  man  helpina  noszle  man  removing  large  rocks,  roots,  etc. 

1  man  at  ounkere  looking  after  sand  box  and  keeping  chutes  clear. 

Grading. — Supposing  the  road  to  be  paved  bi  a  well  developed  highway  with 
proper  grades  established,  and  that  only  light  grading  is  to  be  done  prior  to 
paving,  the  following  men  will  do  the  rough  and  fine  grading; 

1  foreman  in  charge  of  grading  and  ribbon  setters. 
1  engineer  for  caterpillar  and  roller. 
1  teamster  for  Fresno  and  wheeler. 
4  laborers,  pick  and  shovel  work. 

When  caterpillar  is  hooked  to  road  grader  and  scaritier  one  of  the  above 
laborers  is  used  on  grader  as  helper.  One  oi  the  above  laborers  also  Is  used  at 
ttanes  aa  teamster's  tu'lper. 
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Ribbons. — The  grading  foreman  has: 

•    1  man  setting  ribbons. 
1  man  helper. 

Placing  Material. — Where  the  maximum  haul  is  4  miles,  3  five-ton  trucks 
will  handle  the  output  of  bunker  and  put  material  on  ground  to  run  1  three- 
sack  batch  mixer. 

Final  Subgrade. — Two  men  are  required  back  of  mixer  bringing  subgrade 
to  exact  depth  and  dragging  subgrade  template  on  ribbons. 

MixBR  Cxucw  Fob  Thbsb  Sack  Maohinb 

1  foreman  in  charge  of  concrete  crew. 

6  men  used  on  wheelbarrow  for  gravel,  3  wheelbarrows  with  2  men  to  each 
barrow. 

2  men  are  used  on  wheelbarrows  for  sand,  1  man  for  each  wheelbarrow. 

2  men  are  used  for  cement,  1  man  carries  cement  to  bench,  1  man  empties 

sacks  into  hopper. 
2  men  for  spreading  concrete. 
2  men  for  rodding. 
1  man  for  finishing. 

1  engineer  on  mixer  if  gas  engine  is  used.     If  steam  mixer  is  used  a  fireman  is 

necessary. 

2  men  for  covering  finished  concrete  with  2  in.  of  earth. 

2  men  watering  earth  covering  on  concrete  less  than  10  days  old. 

1  man  watering  subgrade. 

1  man  for  water  supply  to  mixer. 

Presuming  that  the  road  to  be  paved  is  20  ft.  wide  with  a  1 : 2: 3  mix  and  a 
thickness  of  6-in.  side  and  8-in.  center,  the  crew  of  23  men  as  outlined  above 
should  lay  600  to  700  sq.  yd.  of  pavement  per  day. 

Four  Examples  of  Concreting  Gang  Organization  for  Road  Work. — The 
following  information,  collected  by  special  committees  of  the  National  Con- 
ference on  Concrete  Road  Building  is  given  in  Engineering  and  Contracting, 
Feb.  23,  1916. 

Example  I:  Pennsylvania^  Boston — Bethlehem  Model  Road. — The  best  results 
were  obtained  with  a  gang  organization  as  follows: 

Oang  Cost  per  day 

Iforeman  at  $3 %  3.00 

1  mixer  operator  at  $3 3.00 

1  fireman  at  $2.50 2. 50 

2  templet  men  at  $2 ,     4.00 

3  men  spreading  at  $2 6.00 

2  men  floating  at  $2 4.00 

1  man  finishing  at  $2 2.00 

2  men  on  forms  at  $2 4 .00 

1  man  chaneing  chute  at  $2 2.00 

2  men  handling  cement  at  $1.75 3.50 

7  men  on  whedbairrows  at  $1.75 12^25 

7  men  shoveling  at  $1.75 12.25 

1  utility  man  at  $1.75 1 .  75 

1  waterboy  at  $1.50 1.50 

32  men  in  total  gang $61 .75 

This  list  schedules  the  men  according  to  their  special  duties.  The  first  task 
in  each  day's  work  was  from  the  previous  day's  work  to  bring  forward  the 
forms  and  other  working  appliances  and  to  cover  the  previous  day's  concrete 
with  earth.  All  men,  such  as  templet  men,  floaters  and  finishers,  were 
employed  in  this  task.    The  three  men  handling  concrete  also  placed  the 
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expanded  metal  reinforcement  and  the  expansion  jointa.  Laying  a  slab  7  in. 
thiclc  and  holding  the  material  in  the  drum  for  a  90  sec.  mix.  this  gang  aTe- 
raged  525  sq.  yd.  per  day  at  a  cost  of  approximately  1 1.7  cts.  per  square  yard. 
A  No.  16  Koehring  paving  mixer,  with  boom  and  buclcet  deUTery.  was  used. 
With  a  shorter  mixing  time,  say  45  sec.,  it  is  suggested  that  the  gang  be 
increased  three  to  five  men  on  wheelbarrows;  with  such  an  increase  it  is  esti- 
mated that  the  yardage  could  be  increased  50  per  cent.  Data  reported  by 
William  D.  Uhler.  Chief  Engineer.  State  Highway  Department. 

Example  II:  IllinoU  State  Aid  Road  Work  Practice. — The  data  given  are 
based  on  experience  on  25  to  30  Jobs  of  state  aid  road  work  representing 
approximately  500.000  sq.  yd.  of  pavement.  Assuming  excavation  complete 
and  all  material  delivered  on  the  work  and  that  the  subgrade  is  in  average 
condition,  the  foUowing  crew  is  considered  to  be  most  eflflcient  imder  average 
conditions  on  work  similar  to  state  aid  road  work  in  Illinois. 

General —  Number 

Superintendent 1 

Foreman 1 

Front  End  of  Mixer — 

Wheeling  sand 2 

Wheeling  stone 4 

Extra  shovelers 2 

Handling  cement 2 

Bundling  cement  sacks 1 

Trimming  subgrade 1  or    2 

Rear  End  of  Mixer — 

Shovelers 8  or    4 

Finisher 1 

Curing  concrete 2 

On  Mixer- 
Engineer 1 

Fireman 1 

Forms — 

Setters 2 

Water- 
Pumpman  I 

Miscellaneous — 

Watchman 1 

Waterboy 1 

Total 27or2© 

The  list  given  needs  some  explanation  to  be  entirely  pUin.  First  the  assign- 
ment of  only  one  or  two  men  to  trinuning  subgrade  assumes  that  the  subgrade 
Is  already  practically  correct.  Of  the  three  or  four  shovelers  at  the  rear  end 
of  the  mixer,  two  also  handle  the  strike-board  and  one  also  occasionally 
assists  the  finisher.  At  thnes  of  any  delay  in  mixing  operations,  practically 
the  entire  gang  is  turned  to  covering  the  concrete  with  earth.  Under  ordinary 
conditions,  however,  it  is  necessary  to  assign  two  men  to  covering  and  sprin- 
kling concrete  in  addition  to  the  work  done  by  the  whole  gang.  The  gang  is  for 
a  two-bag  batch  mixer,  and  with  this  machine  its  average  daily  output  of  18 
ft.  wide  and  7  in.  thick  pavement  is  about  800  sq.  yd.,  working  day  0  hr.,  mix- 
ing time  per  batch,  35  sec.  The  average  cost  of  mixing  and  placing  concrete 
aod  of  setting  forms  and  Joints  is  10  cts.  to  12  cts.  per  square  yard.  A  single 
day's  cost  may  run  as  low  as  8  cts.  per  square  yard,  but  an  av«ia|5&  Vck\^  ^\  axca 
siae,  fUguiing^  rep^in.  fuel  and  depreciation  on  mixer.  brVnga  XYu^  cfia\\)«>V««fiXL 
JO  Mnd  12  cts.  where  labor  receivea  from  20  to  25  cte.  pet  Yioui .  K.  aIlv»Jl^»t  i^aN% 
win  reduce  the  unit  cost  slightly  it  no  account  is  taken  ol  VtOcws^*  w«t\iKa^^ 
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etc.  The  slower  progress,  however,  runs  up  these  fixed  charges  so  that  in  the 
end.  the  cost  is  greater  rather  than  less.  Data  reported  by  H.  B.  Bushnell. 
Division  Engineer,  State  Highway  Department. 

Example  III:  Wieconain,  Milwaukee.  County  Roade. — An  efficient  gang 
organization  for  conditions  prevailing  in  Milwaukee  County  has  been  found 
to  be  about  as  follows: 

Gang  Cost  per  day 

1  foreman  at  S5 $  5. 00 

1  timekeeper  at  $5 5 .  00 

1  engineer  at  S6 6. 00 

1  fireman  at  S2.50 2.60 

1  pumpman  at  $2.50 2. 50 

1  form  setter  at  $2.50 2. 50 

1  finisher  at  $3 3.00 

2  Btrikeoff  men  at  $2.50 6.00 

2  puddlers  at  $2.50 5.00 

2  cement  handlers  at  $2.50 5. 00 

1  boy  bundling  sacks  at  $1.50 /<- 1.50 

1  waterboy  at  $1 1 .  00 

6  sand  laborers  at  $2 12.00 

12  stone  laborers  at  $2 24.00 

1  man  removing  forms  at  $2 2.00 

2  men  coverinjs  concrete  at  $2 4.00 

1  man  sprinkling  at  $2 2. 00 

1  man  trimming  subgrade  at  $2 2 .  00 

38  men     Total $89.00 

The  particular  road  on  which  tnis  gang  worked  contained  17,280  sq.  yd., 
was  18  ft.  wide  and  averaged  7  in.  in  thickness.  The  subgrade  was  clay  and 
required  little  sprinkling  before  laying  the  concrete.  Wheelbarrows  were 
wheeled  directly  on  the  subgrade  without  planks.  Sand  and  gravel  were 
placed  in  the  middle  of  the  road  and  cement  on  the  side.  Water  was  available 
at  the  job  and  was  pumped  through  2-in.  pipe  by  a  steam  pump.  A  16-ft. 
paver  was  used  with  an  open  spout  for  distributing  the  mixed  material.  The 
mix  was  1:2: 3H>  two  bags  of  cement  being  used  to  a  batch,  and  11  cu.  ft.  of 
aggregate.     Protected  Joints  were  placed  every  50  ft. 

The  actual  number  of  days  consumed  in  the  construction  of  this  particular 
piece  of  work  was  33.  of  which  five  were  Sundays.  Of  the  remaining  working 
days,  two  were  lost  because  of  rain  and  a  defective  pump.  This  left  26  days 
for  actual  construction  work.  During  this  period,  the  maximum  output  for 
one  day  was  1,000  sq.  yd.  and  the  minimum  264  sq.  yd.  The  average  output 
was  666  sq.  yd.  per  day  or  332M  Mn.  ft.  per  day.  The  actual  labor  cost  for 
mixing  and  placing  was  $0. 1396  per  square  yard,  which  included  labor  incurred 
in  suppljring  water  covering  and  sprinkling  concrete  and  also  a  watchman  dur- 
ing the  construction  period.  The  cost  to  the  contractor  for  lost  time,  moving 
plant  to  and  from  the  job.  the  laying  of  pipe,  etc.,  amounted  to  $0.0201.  giving 
a  total  cost  per  square  yard  for  labor  of  $0.1507.  The  timekeeper  looked 
after  the  ordering  of  materials,  spotting  of  cars  and  unloading  and  placing  of 
materials  on  the  job.  A  cheaper  engineer  might  have  been  employed  but  it  is 
believed  that  the  results  obtained  justified  the  additional  expense.  The 
man  employed  in  trimming  the  subgrade  saved  more  than  enough  in  materiais 
to  pay  tor  his  wages.  Data  reported  by  P.  W.  Whitlow,  Superintendent  of 
Construction,  County  Highway  Commission,  Milwaukee  County,  Wisconsin. 

Example  IV:  California  Highway  Commiaaion, — (1)  Specific  crew  organiza- 
tion employed  on  recent  jobs. 
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DivuxoN  III — Maintbnancs  Rbquiaitiom  156;  Aububn  Bouubtahd 

Coikcrete  Crew: 

1  ndzer  engineer  at  $4.00 $4. 00 

1  foreman  at  $4.00 4.00 

1  water  boy  at  12.00 2.00 

1  cement  man  at  $2.75 2 .  76 

2  finiahers  at  $3.00 6.00 

2  men  on  tamp,  at  $2.75 5. 50 

4  apreadere  at  $2.76 11.00 

15  laborers  at  $2.50 37.50 

Total $72.75 

Average  for  20  good  days'  run  —  118.9  cu.  yd.  per  day. 

^»- $0,613  cu.  yd. 

Note. — Mixer  rent  of  $10  not  included  in  above. 


Division  III — Stanislaus  County,  Routb  13,  SacxiON  A 

Concrete  Crew: 

1  mixer  engineer $  3. 63 

.  1  foreman 4 .  50 

1  finisher 3. 00 

6  spread  tampers  at  $2.76 16. 50 

13  snovelers  and  wheelbarrow  men  at  $2.50 32. 50 

Total $60.13 

16  days'  average  run  *  101.4  cu.  yd. 

*^^  -  tO.592  cu.  yd. 

2.  Conditions  and  amount  of  work,  plant  used  and  other  reasons  influencing 
choice  of  organization  employed. 

See  (3)  for  conditions  and  amount  of  work.  No  special  conditions  influ- 
enced the  choice  of  organization.  The  organization  (see  1  above)  Is  cus- 
tomary where  a  two-bag  mixer  is  used,  and  an  output  of  from  100  to  150  cu. 
yd.  per  day  Is  expected.  The  following  crew  can  probably  be  considered  as 
typical  of  work  throughout  the  state: 

1  foreman $  4.00 

1  mixer  engineer 4 .  00 

1  cement  man 2.76 

1  finisher 3.00 

2  tampers  and  strike  off  men  at  $2.76 6 .  50 

6  men  spreading,  shoveling  up  loose  materials,  checking 

np  subgrade,  etc.,  at  $2.75 16. 60 

13  men  on  wheelbarrows  and  shovels  at  $2.60 32 .  60 

26  men.     Total $68. 2.') 

This  crew  could  easily  turn  out  an  average  of  125  cu.  yd.  of  concrete  per  day 
at  a  cost  of  $0.54  per  cubic  yard.  Delays  due  to  shortage  of  material,  supplies, 
water  and  mixer  trouble  generally  tend  to  keep  the  average  from  10  to  20  cts. 
per  cubic  yard  higher.  The  figures  given  above  are  for  average  conditions, 
and  for  the  average  run  of  labor.  There  have  been  times  when  contractors 
with  an  especially  capable  and  experienced  creiw  ol  men  oixi^  no  oXXve^x  ^^&rx^- 
tJeg  have  been  able  to  mix  and  place  concrete  for  aa  \on«  «a  \^  cVi^.  ^^x  c^akiii^ 
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yard,  and  even  lower,  and  on  force  account  work  (work  done  by  the  State 
under  day  labor)  we  have  done  the  work  for  as  low  as  48  cts.  per  cubic  yard  on  a 
single  day's  run.  But  out  of  over  twenty  contracts  under  way  in  Division  III 
this  summer  not  one  mixed  and  placed  concrete  as  low  as  60  cts.  per  cubic  yard, 
and  the  average  was  much  higher. 

The  Auburn  Boulevard  job  consisted  of  laying  a  concrete  base  4  in.  thick, 
for  the  most  part,  on  an  old  oil  macadam  base.  The  old  pavement  was  first 
scarified  and  the  top  2  in.,  which  consisted  of  a  mushy  mixture  of  oil,  dirt  and 
a  small  amount  of  rock,  was  removed.  The  remaining  base,  on  account  of  the 
amount  of  rock  and  oil  contained,  was  rather  difficult  to  prepare  accurately 
for  a  4-in.  base.  On  this  account  the  header  and  subgrade  diarge  is  higher 
than  is  customary  on  work  of  this  nature. 

3.  Records  of  output  or  costs  indicating  efficiency  of  crew  organization  as 
employed. 

M.  R.  No.  155  Auburn  Boulevard 

1.  Length  of  concrete  pavement,  18,273  lin.  ft.  »  3.46  mi. 

(Part  18  ft.  X  4.5  in.;  part  15  ft.  X  4  in.) 

2.  Total  yardage,  3,063.5  cu.  vd.  Per 

3.  Labor  cost  o!  mixing  and  placing  (not  including  water    .  cu.  yd. 

supply  or  curing  or  repairs) $2,994.73  -  SO. 730 

4.  Cost  of  curing  concrete 837 .23  0.211 

5.  Cost  or  running  pump  and  water  supply 310. 09  0. 076 

6.  Cost  of  laying  and  removing  water  pipe 95.43  0.024 

7.  Cost  of  headers 1 ,277.89  0.322 

8.  Cost  of  shaping  subgrade 1 ,073. 50  0.270 

9.  Cost  of  unloading  and  hauling  rock,  sand  and  cement  4,480.35  1. 130 

Total  cost- $2,763 

10.  Average  haul  »  0.7  miles. 

Items  3  to  9  »  $11,069.22,  or  $3,200.00  per  mile. 

The  mixer  used  on  the  Auburn  Boulevard  was  old  and  as  the  work  pro- 
gressed the  break-downs  were  numerous,  causing  disorganization  of  crew  and 
consequent  increased  costs.  Delays  due  to  shortage  of  materials  toward  the 
latter  end  of  the  work  added  unfairly  to  the  cost  of  the  concrete.  The  total 
cost  of  $2.76  per  cubic  yard  of  concrete  in  place  is  not  excessive,  but  is  higher 
than  should  be  on  a  large  job  and  where  there  are  no  serious  difficulties  to  be 
overcome. 

6.  Discussion  of  specific  or  general  questions  of  crew  organization  thai 
experience  indicates  needs  enlightenment  or  investigation. 

No  suggestions  can  be  made  along  this  line,  as  there  are  no  particular  crew 
organization  problems  connected  with  concrete  paving  work.  The  only  real 
problem  is  the  problem  of  the  superintendent  always  to  organize  the  layout  of 
his  work  so  as  to  prevent  serious  delays  in  any  one  part  of  the  organization. 
Thus,  he  must  plan  his  grading  crew  to  keep  ahead  of  the  subgrade  crew,  the 
finishers  must  keep  ahead  of  the  hauling  of  materials,  and  the  material  men 
must  keep  ahead  of  the  concrete  crew.  If  each  outfit  can  see  only  one  day's 
work  laid  out  ahead,  there  is  from  25  per  cent  to  50  per  cent  loss  of  efficiency. 
On  the  day  labor  work  in  Stanislaus  Coimty,  Contract  D-50,  the  work  was  so 
regulated  at  the  start  that  each  unit  of  the  work  was  at  least  one-half  mile 
(representing  four  or  five  days'  work)  ahead  <^  the  other  units.  Data  reported 
by  A.  B.  Fletcher.  Highway  Engineer,  California  Highway  Commission. 

Summary  from  Examples. — Using  modern  paving  mixers,  a  concreting  gang 
for  road  work  will  consist  of  from  30  to  40  men.    These  are  round  numbers. 
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nstaiioes  fewer  than  30  men  will  suffice  and  in  more  rare  instances  a  greater 
nber  than  40  may  be  required.  The  exact  number  will  depend  upon  the 
jture  of  many  controlling  conditions.  Also  the  number  of  men  allotted  to 
jbe  ■ereral  duties  required  to  be  performed  is  likewise  determined  by  the 
nature  of  these  conditions.  As  illustrating  the  vagaries  of  organization 
recorded  in  practice.  Table  XXIV  has  been  compiled  from  data  readily  at 
hand.  Doubtless  some  of  the  wide  variation  exhibited  is  due  to  inequalities 
of  organizing  skill  but  with  all  reasonable  allowance  for  this  cause,  there 
remain  important  differences  caused  entirely  by  differences  in  conditions 
controlling  the  concreting  work. 

Tabui  XXIV. — DisposmoN  or  Men  i.v  CoNcaanKo  Gangs  fob  CoNcasrs 

Road  Wobk 

Job  Qenl.  Front    Rear    Mixer  Forma  Water  Miso. 

1 1  16  9  2  2         ..           2 

n 2  12  7  2  2           1           2 

III 2  22  8  2  2           1           2 

IV 2  13  6  2  2           1           2 

[Base 1  15  4  2         

V{  (2)  (29)  (9)  (6)  (1)                     (8) 

[Top 1  14  5  3  1         ..           3 

VI 1  5  10  1         

(Base 19  5  1         

VII  (2)  (13)  (11)  (3)  (2) 

I  Top 1  4  6  2  2 

VIII 1  10  11  3  2         .. 


Concreting  is  but  one  operation  in  the  process  of  concrete  road  building. 
The  economic  target  is  the  lowest  cost  for  the  whole  process,  and  the  concret- 
ing operation  must  so  co-ordinate  with  other  component  operations  that 
the  mark  is  hit.  It  may  often  be.  therefore,  that  the  most  efficient  concreting 
gang  organization  is  not  the  one  that  would  mix  and  place  most  cheaply  a 
cubic  yard  of  concrete  in  finished  road  slab  considering  this  one  operation 
as  the  beginning  and  end  of  all  effort.  The  law  of  co-ordination  has  influence 
in  an  even  more  minute  way.  Consider  for  the  moment  the  concreting  opera- 
tion to  be  independent  of  all  others.  On  the  Pennsylvania  road  work  de- 
scribed later,  it  is  the  requirement  that  the  batch  shall  turn  90  sec.  Under 
this  requirement,  the  most  efficient  gang  organization  has  been  found  to  be 
that  of  column  one  in  Table  XXV.  Could  the  mixing  period  be  cut  in  half 
the  most  efficient  gang  organization  would  be  that  of  coliunn  two  in  Table 
XXV.  Again,  considering  the  gang  organization  for  Illinois  road  work  as 
given  in  Example  II.    By  reducing  this  gang  by  a  few  men  it  is  stated  that  a 

Tabls  XXV. — GaKq  Obqanization  and  Output  as  Influenced  by  Time  of 

Mixing 

Thus—  1  2 

Mixing  time,  seconds 90  45 

General  labor 1  _1 

Men  in  front 16  21 

Men  in  rear J  J 

Men  on  mixer 2  8 

Men  on  forms 2  2 

Miscellaneous 2  2 

Tots)  men ^  Jft 

Output  »q.  yd.  avenge b'i&  T^ 
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smaller  unit  labor  cost  could  be  obtained  but  the  slower  progress  would 
increase  interest  and  OTerhead  costs  encMigh  to  exceed  the  saving. 

Gang  organization  is  determined  then,  first  by  the  controlling  condtniction 
conditions  and  second  by  the  work  organization  as  a  whcde.  These  determin- 
ing factors  are  seldom  constant  outside  of  a  single  Job  and  are  oiten  variable 
on  a  single  job.  No  general  foimida  is  possible  for  solving  all  problems  of 
concreting  gang  orgaidzation.  The  organization  of  etudb.  gang  is  a  separate 
problem  and  must  be  so  solved. 

Bonus  System  Cuts  Cost  of  Irayiiic  Concrete  Pavement. — ^Engineering  and 
Ck>ntracting,  June  5,  1018,  gives  the  following: 

The  city  of  Flint,  Mich,  is  constructing  10  miles  of  pavement  and  30  miles 
of  sewers  by  day  labor  under  the  direction  of  the  city  engineer.  Ck>nunon 
laborers'  wages  are  $3.50  a  day,  and  the  men  engaged  in  paving  were  not 
efficient  until  a  bonus  system  was  applied.  For  example,  a  gang  of  16  men  and 
a  foreman  operating  a  concrete  mixer  averaged  only  47  cu.  yd.  of  concrete 
base  (6  in.  thick)  per  day,  when  actually  working,  at  a  cost  of  $1.23  per  cu. 
yd.  for  labor;  but  upon  the  payment  of  a  bonus  system  a  gang  of  12  men  and 
a  foreman  averaged  90  cu.  yd.  a  day  when  actually  woridng,  and  at  this  rate 
the  labor  cost,  including  the  bonus,  was  less  than  60  ct.  per  cu.  yd.,  or  10  ct. 
per  sq.  yd. 

The  bonus  payment  was  1  Ct.  to  each  of  the  13  men  for  each  square  yard  of 
concrete  in  excess  of  500  sq.  yd.  per  day.  At  this  rate,  if  600  sq.  yd.  were  laid 
in  a  day,  each  of  the  13  men  would  earn  $1  bonus,  but  each  of  these  extra  100 
sq.  yd.  would  cost  the  city  only  10  ct.  for  labor. 

It  is  well  within  the  capacity  of  a  gang  of  13  men  to  run  100  sq.  yd.  of  6-in. 
concrete  per  hour,  anfl  this  rate  was  attained. 

There  are  few  classes  of  construction  work  to  which  it  is  so  easy  to  ^>ply  a 
"  bonus  system  "  as  to  paving  work.  This  is  because  of  the  fact  that  the  num* 
ber  of  units  of  work  done  each  day  is  readily  ascertained  and  because  each 
gang  is  usually  engaged  continuously  upon  the  same  sort  of  work.  In  view  of 
this  it  is  rather  astonishing  that  some  sort  of  bonus  payment  is  not  made  to  all 
gangs  engaged  in  laying  pavements.  Engineers  in  charge  of  pavement  con- 
struction by  day  labor  should  invariably  apply  a  bonus  system.  Otherwise 
the  men  are  almost  certain  to  loaf,  for  they  reason  that  the  city,  or  county,  or 
state  for  whom  they  are  working  can  afford  to  foot  any  bill  and  is  not  likely  to 
scrutinize  the  cost  very  closely,  anyway. 

Method  of  Redooing  Labor  Cost  of  Concrete  Mizinf. — ^A  novel  method 
employed  by  the  Independent  Asi^ialt  Paving  Co.  ot  Seattle,  Wash.,  In  hand- 
ling agg^regate  for  the  construction  of  3H  miles  of  concrete  pavement  on  the 
Pacific  Highway  in  Thurston  County,  Washington,  made  it  possible  for  the 
company  to  materially  reduce  the  size  of  its  mixing  crew.  The  plan  is 
described  in  the  Concrete  Highway  Ma^razine,  and  abstracted  in  E^igineering 
and  Contracting,  May  1,  1918,  as  follows: 

The  company  was  well  equipped  with  all  kinds  of  road-making  machinery 
and  had  a  number  of  automobile  trucks  for  the  delivery  of  material.  At  tt^ 
town  of  Laoey,  which  is  approximately  in  the  center  of  the  work,  they  received 
their  sand  and  pebbles  by  railroad.  At  this  point  a  stiff  leg  derrick  with  ^-yd. 
clamshell  bucket  was  erected.  This  derrick  lifted  material  directly  from  care 
to  stock  piles  of  approximately  3.000  cu.  yd.  of  gravel  and  2,000  cu.  yd.  of 
sand.  No  paving  was  started  until  about  this  amount  of  material  was  on 
hand,  it  being  intended  that  when  concreting  commenced  it  should  be 
continuous. 
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WhllB  thU  vewrvtt  of  material  was  being  ■eoembVad  a  small  loading  bunker 
buUt,  designed  to  hold  about  6  yd.  of  sand  and  10  yd.  of  gravel,  filling 
being  accomplisbed  by  means  of  the  stiff  leg  derriclc.  It  was  equipped  with  6 
unaeuring  booBsa  for  sand  and  5  for  gravel,  so  situated  that  they  would  dis- 
diaive  aimnlta&soiisly  by  gravity  6  measured  batches  of  sand  and  gravd  into 
oompartmenta  built  Into  the  truck  bodies  for  this  purpose.  Each  batch  of 
■and  eoBtalned  •  cu.  ft.  and  each  batch  of  gravel  0  ou.  f t..  this  being  the  neces- 
sary sand  and  gravel  to  mskd  up  a  batchof  1:2:8  nUzf or  the  S-sadc  mixer 
used  on  tbs  Job. 

The  trncks  for  delivering  the  material  were  of  8-yd.  capacity,  liaving  their 
bodies  or  boxes  divided  into  6  compartments  by  means  of  wooden  partitions. 
Baidioompartment  leoeived  one  full  batch  of  sand  and  gravel  for  a  3-sackmiz. 
Tbe  lower  half  of  each  partition  was  hung,  on  strap  hinges  and  was  held  in 
plaoeliy  a  simple  catch,  which  could  be  easily  released  when  the  body  was 
raised  ready  to  disdiarge  into  the  hopper  of  the  mixer.  * 

The  partitions  and  skies  of  the  truck  were  built  up  6  in.  above  the  required 
depth  nsoessaiy  to  hcdd  a  batch,  in  <Mrder  that  when  the  body  was  raised 
for  dlsefaarging  the  material  would  not  run  fn»n  one  compartment  to  the 
oilier. 

The  trudES  were  accurately  loaded  at  the  bunkers,  transported  5  fuU 
batches  of  sand  and  gravel  to  the  mixer  and  dumped  these  batches  directly 
Into  the  loading  hopper  of  the  machine,  a  batch  at  a  time,  without  even  letting 
the  material  touch  the  subgrade. 

The  contractor  was  able  to  reduce  his  mixing  crew  of  men  from  22  to  10. 
and  the  10  men  easily  accomplished  the  work.  All  question  of  material  loss  on 
the  subgrade  was  diminated.  and  the  resulting  concrete  was  entirely  free  from 
day  balk  or  other  foreign  materiaL 

From  actual  timing  records  kept  on  this  work,  eadi  truck  is  delayed  at  the 
mixer  from  0  to  10  minutes  on  eadh  trip,  or  for  26  per  cent  of  the  working  time. 
The  commercial  rate  for  this  size  truck  if  rented  would  be  $2.60  per  hour. 
Thus  the  vratting  time  of  4  trucks  necessary  to  keep  the  mixer  going,  at  2  hours 
each,  or  a  total  of  8  hours,  would  at  the  rate  of  $2.60  per  hour  be  $20  per  day ; 
while  under  the  usual  system  there  would  be  necessary  to  accomplish  the  same 
work  12  men,  costing,  at  $3.26  per  day,  $40*.  to  which  should  be  added  the  loss 
of  material,  amounting  to  at  least  $10 — or  a  total  of  $50  per  day. 

It  is  thus  seen  that  an  approxhnate  saving  of  $80  per  day,  or  a  little  better 
than  6  cts.  per  square  yard,  has  resulted  from  this  plan  of  operation,  originally 
Intended  to  meet  an  expected  shortage  in  labor. 

Concrete  Delivered  Wet  by  Motor  Trucks  Shows  a  Large  Saving  as  Com- 
pared with  Custonary  Methods. — The  following  matter  is  taken  from  Engi- 
neering News-Record.  May  1,  1919. 

Delivery  of  wet  concrete,  from  a  central  crushing  and  mixing  plant,  to  the 
road  surface,  by  motor  trucks,  over  hauls  ranging  from  yi  mile  to  four  miles, 
was  satlsfSctorily  accomplished  on  the  Belair  Road  of  the  Maryland  State 
Road  Commission.  By  this  method  extensive  rehandling  of  materials  was 
dispensed  with,  thus  reducing  the  cost,  and  the  speed  of  the  trucks  was  such 
that  for  the  distances  named  there  was  no  apparent  injury  to  the  quality  of 
the  concrete  mixture.  The  maximum  time  required  to  transport  the  concrete 
from  the  mixer  to  the  road  was  36  minutes. 

The  work  under  consideration,  was  the  building  of  a  3-ft.  strip  of  concrete 
8  In.  thkk  on  each  aide  of  the  macadam  road  and  conneclVniR  V\  ^\Vcv  >^qa  «^ 
road  with  new  macadam.     It  was  undertaken  to  overcoroft  \\v<^  «^TfiaAS» 
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action  ol  the  traffic  by  glvitig  support  needed  at  the  edgeg  sad  nt  the  «ame 
time  widen  the  rood  nblcb  had  become  too  narrow  tor  the  beav;  motor  truck 
freight  route. 

After  both  shoulders  were  completed,  the  entire  road  received  a  seal  coat  of 
bituminous  material  and  stone  chips,  which  was  allowed  to  cover  the  concrete 
shoulder,  eiving  a  pavement  20  ft,  wide  o[  uniform  appearance. 

As  there  was  excellent  etone  in  most  of  the  hiilB  adjacent  to  the  road,  tbe 
contractor  decided  to  aave  handling  iatwi  bf  ni<«<"E  the  concrete  at  the  quany 
and  hauling  It  to  the  rood  In  motor  trucks.  A  location  about  midway  of  the 
contract  waa  selected,  a  quarry  was  opened  and  a  crushing  and  mlzlne  plant 

Two  portable  boilers  of  the  locomotive  type  were  used;  one,  a  2&-bp.  boiler 
and  engine,  tumlahed  power  to  run  the  crusher  and  mixer,  the  other,  (U  18-fap, 
boiler,  furnished  steam  for  the  rock  drilis'al  the  quarry  and  for  pumping  tbe 
'  necessary  water  for  the  boUere  and  the  concrete. 

A  law  crusher  was  placed  under  the  platfona  upon  which  tbe  stone  from 
the  quarry  waa  dumped.  Alter  being  crushed,  the  stone  was  elevated  Into  tbe 
bin  and  separated  Into  the  desired  sizes  by  a  rotary  screen.  There  were  three 
,  general  sizes  ol  stone:  Tbe  chips  which  passed  a  ?t>ln.  screen  went  into  the  sand 
bins :  the  crushed  rock  passing  a  2>i-ln.  screen  went  Into  the  coarse  aggre- 
gate bin.  while  tbe  larger  stone  went  out  as  tailings.  What  tailings  could  not 
be  used  tor  repairs  on  the  construction  road  were  taken  out  and  again  ted 
through  the  crusher.  As  the  crusher  did  not  produce  enough  flue  material, 
sand  wBs  also  deUvered  upon  tbe  platform  and  ted  through  with  the  stoiie  and 
elevated  Into  the  sand  bliL 

Gravity  was  utilized  to  the  utmost  throughout  the  operations,  trmn  the 
quarry  to  the  mixed  product  in  tbe  truck  body.  The  plant  was  situated  at  (be 
foot  of  a  hill  down  which  the  quarried  rock  was  hauled  in  carts  to  the  crusher 
platform.  After  crushing,  the  stone  and  sand  werefedilirBCtly  Into  tbe  mixer 
from  the  bins,  care  behig  taken  to  proportion  them  properly.  Water  was 
supplied  from  the  elevated  tank  shown  In  the  sketch.  The  bin  and  tbe 
platform  tor  the  concrete  mixer  were  placed  at  such  height  that  the  mixer 
could  discharge  directly  Into  the  trucks. 

On  the  road  the  dumping  of  the  concrete  followed  a  different  plan  than 
would  be  employed  if  the  entire  road  section  were  being  covered,  as  in  the  caae 
of  constructing  a  concrete  road.  As  the  shouldeT  which  was  tielng  con- 
structed was  at  small  section.  It  was  necessary  to  dump  the  mlied  concrete 
upon  the  surface  of  the  old  road  and  shovel  It  Into  the  forms  on  the  side.  One 
truck  load  of  concrete  lilled  about  35  ft.  of  toims,  and  extra  handling  waa 
necessary,  which  ol  course  increased  die  cost  above  what  It  would  be  if  an 
entire  road  suitace  were  being  built. 

Convict  labor  was  utilized  for  common  labor  upon  this  road,  a  camp  being 
built  at  the  quarry  to  house  and  feed  the  laborers.  Guards  were  provided  by 
the  prison  officials  tor  watching  the  convicts,  but  the  contractor  fnmlalied 
the  foremen  to  supervise  the  work.  The  contractor  reported  that  this  labor 
was  quite  satlatactory.    In  the  construction  ol  the  staoulden  steel  lorma  weie 

Approximate  casta  for  carrying  work  on  under  tbis  aysl«n  are  given  in  tbe 
following  table,  based  upon  an  average  haul  of  S.S  mllee  and  the  construction 
of  fl.B76  It,  ot  shoulder  wtilch  was  laid  In  a  period  of  13  working  days.  Tba 
average  days  work  was  thus  fi3S  lln.  It,  or  179  sq,  yds.  The  cost  per  day  ol 
'  ide  interest  and  depreciation. 
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The  construction  cost  upon  the  Baltimore-Washington  Boulevard  for 
similar  work  but  using  the  ordinary  methods  was  $3.24  per  sq.  yd.  The 
largest  saving  was  in  handling  materials.  Mixing,  placing,  forms,  curing 
,  and  protection  on  the  Boulevard  cost  84  cts.  per  sq.  yd.,  while  the  same  opera- 
tions on  the  Belair  Road  cost  about  20  cts.  per  sq.  yd.  (The  average  haul  for 
the  entire  road  was  about  2H  miles,  and  the  costs  given  were  taken  for  an 
average  haul  of  3H  miles.  This  would  also  decrease  the  average  cost  per 
square  yard  in  place  for  the  entire  road.) 

Time  Cost  of  Reinforced  Concrete  Pavement  Construction  at  Plymouth, 
Wis. — ^W.  Q.  KiichollOT  gives  the  following  in  Bngineering  and  Ckmiracting. 
Aug.  6.  1913.  . 

Description  of  Pavement. — ^The  pavement  was  40  ft.  wide  between  gutters, 
which  were  18  inches  wide  built  integral  with  the  curbs:  making  total  width 
of  roadway  between  curbs  43  ft.  The  base  of  the  pavement  was  a  d-in.  layer 
of  concrete  composed  of  1  part  of  cement,  3H  parts  of  sand  and  6  parts  of 
crushed  rock.  Upon  this  base  the  reinforcement  was  laid,  which  consisted 
of  American  Steel  Wire  &  Fence  Co.'s  woven  wire  mesh  No.  7.  This  was  laid 
in  strips  at  right  angles  to  the  direction  of  the  street  and  covered  the  entire 
surface  from  gutter  to  gutter. 

The  su|f  ace  or  wearing  coat  was  IH  iiis*  in  thickness  and  was  placed  directly 
upon  the  fabrie^  It  was  composed  of  IH  parts  of  crushed  granite  and  1  part 
of  cement.  The  crushed  granite  was  in  two  sizes;  H  to  ^  in.  and  3^  in. 
down  to  dust.  These  were  proportioned  so  as  to  make  the  most  dense 
mixture. 

The  surface  coat  was  troweled  smooth  after  being  brou^t  to  the  proper 
crown  by  a  screed.  It  was  then  sprinkled  with  dry  cement,  if  in  a  wet  condi- 
tion, after  which  the  surface  of  the  pavement  was  covered  with,  granite  chips 
ranging  in  size  from  H  to  ^  in.  These  were  cast  on  by  hand  or  with  a  shovel. 
Wherever  these  did  not  sink  into  the  surface  of  the  pavement,  they  were 
lightly  tamped  with  a  float  or  trowel. 

The  pavement  was  cut  up  into  squares  40  ft.  each  way  by  expansion  Joints. 
In  place  of  the  usual  joint  of  tar  or  asphaltum,  1-in.  "  pecky  "  cypress  boards 
were  used.  These  were  8  ins.  wide  and  placed  along  each  gutter  and  every 
40  ft.  at  right  angles  to  the  street.  "  Pecky"  cypress  is  a  species  of  cypress 
that  has  the  appearance  of  being  worm  eaten  or  partially  rotten.  It  was 
adopted  because  of  its  durability. 

Method*  of  Construction, — The  curb  and  gutter  were  constructed  previous 

to  the  excavation  for  the  pavement.    After  the  subgrade  has  been  completed 

%nd  rolled  for  a  distance  of  a  block  or  more,  the  laying  of  the  pavement  was 

>S;un.    The  cypress  boards  which  were  to  constitute  the  expansion  Joints 

re  used  as  an  outside  form  for  the  curb  and  gutter  and  as  templates  in  form- 

'  the  crown  of  the  street,  thus  saving  the  use  of  considerable  lumber  as  well 

^)me  in  placing  and  removing  it. 

rhe  base  concrete  was  laid  in  sections  40  ft.  square  and  enou^  in  advance 

the  wearing  coat,  to  allow  the  cement  to  get  its  initial  set.    Then  the  rein- 

x;ement  and  wearing  coat  were  placed  in  40-ft.  sections.  No  travel  was 
lowed  on  the  completed  work  for  a  period  of  10  days  after  laying  and  the 
irftbce  was  kept  moist  by  sprajring  with  garden  hose. 

Time  to  Complete  Work. — Work  on  the  excavation  for  curb  and  gutter  was 
^egun  May  25.  1910,  and  on  the  curb  and  gutter  proper  June  4  and  was  com- 
plete on  June  12,  a  total  of  25  working  days.    The  grading  for  the  pavement 
was  begun  June  13  and  the  laying  of  the  pavement  on  July  19.    The  entire 
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pttvanBOl  Iran  eomptete  Sept  3,  a  total  time  of  80  working  days  from  the  time 
of  beginning  tbe  curb  and  gutter. 

Durlag  the  tJme  this  pavenient  was  under  oonstructton,  a  canf id  lec^^ 
kop^ctf  tlis  actual  time  put  tai  upon  each  kind  (tf  work.    The  total  number  of  ■ 
squAiB  jmids  in  the  pavement  was  10,786*28  and  the  total  number  <tf  feel  of  i 
curb  and  gutter  was  4,648.2;  the  time  required  to  peiform  each  part  of  the 
work  and  the  hours  required  to  lay  1.000  sq.  yds.  of  pavement  or  1,000  Un.  ft. 
of  dnb  and  gutter  Is  given  in  the  accompanying  table. 

TldB  pavement  Is  now  nearly  three  years  old,  has  passed  through  three 
wIntetB  and  there  is  not  the  sign  of  a  crack  or  a  flaw  in  it  any  place,  not  ev*en 
along  the  street  car  tracks. 

Tba  use  of  the  woven  wfa«  mesh  has  demonstrated  the  fact  that  It  is  poeslble 
to  ooofftruct  a  concrete  pavement  so  that  it  will  not  crack  along  the  center  of 
tbe  street,  a  thing  which  has  happened  so  generally  in  other  places.  This  new 
foin^of  surface  Is  not  slippery  and  does  not  wear  perceptibly.  The  expansion 
jobita  have  worn  off  some  but  not  eiiough  to  show  any  abrasion  of  the  concrete 
aloDg  tbe  edges  of  the  boards. 

This  pavement  was  designed  by  Mr.  Kirchoffer,  and  was  constructed  by 
contract  under  his  supervision.    The  contract  price  was  48  cts.  per  linear  foiot ' 
for  the  curb  and  gutter  and  1.28  H  per  square  yard  for  the  pavement  complete^ 
Indiullng  the  excavation. 

Tamim  XXVI. — AcTUAX.  TxMB  IN  HouBS  Paa  1,000  Sq.  Yds.  and  Paa  1,000  Lm. 
Ft,  vob  Constbuctino  Concbxtb  Pavxi»nt  and  CtrxB  and  OtirraB, 

Plymouth  ,  Wisconsin 
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4.3  159.4       48.3  108         156.3  163.7 

Laboreis.. 271  93.5  212  096        908  364.5 

Foreman 19.4  140  9.3      98        107.3  150.4 

Timekeeper 16.2        6.0  41.8      41.8      31.2 

Fnrnfinr  and  rnllttr 15.2  16.5  16.5      15.2 

Carpcnter'B  settangr 

Forms  for  curb  and  gutter 125  125 

E^Qiaaeioci  joints  and  ttakes 39. 1      39. 1  

Engfaiesr  and  mixer 6.0  56.8'    56.8        6.0 


Cost  of  Concrete  Road  with  Bituminous  Wearing  Surface  in  CaHfomia. — 
Tbe  following  data,  talcen  from  an  article  by  C.  L.  Rakestraw  published  in 
Engineering  and  Ckmtracting,  Feb.  11, 1914,  were  accumulated  in  constructing 
14  miles  of  state  highway  from  Healdsburg  to  Santa  Rosa.  California. 

BrmUring  up  Old  Roadt. — Most  of  the  construction  was  over  old  roads,  and 
the  breaking  up  of  the  old  road  surface  was  necessary.    These  old  surfaces 
were  often  quite  bard,  due  to  years  of  compacting  by  traffic.    When  old  ma- 
cadam la  6  to  10  ins.  thick  and  has  been  compacted  tTomtYiT«e\o^«'^vc%.>\>fl^ 
pnctksaily  fmpoMible  to  break  up  the  crust  by  teamB  aM  \»\o^«.    1^t^^^9tt^ 
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line  of  teams  (16  to  20  horsea)  will  be  so  long  that  three  or  four  driyeiB  are 
necessary,  and  it  is  much  trouble  to  turn  the  line  aroimd.  Second,  the  power 
from  this  line  of  teams  will  be  so  unsteady  that  it  is  very  hard  for  the  four 
plow  men  to  guide  the  rooter  or  plow.  The  following,  based  on  actual  work, 
is  the  cost  of  hard  rooting,  using  teams: 

Item—  Cost  per  day 

20  head,  rent  with  hameas,  at  50  cts $10. 00 

20  head,  feed  and  lodging,  at  50  cts 10. 00 

4  teamsters,  at  $3.25 13.00 

4  plow  men,  at  $2.75 11. 00 

Depreciation  on  equipment 0. 32 

Sharpening  10  plow  points,  at  20  cts 1 .  00 

Supervision,  supt.  $1  and  foreman  50ot8 1.50 

Total $46.62 

This  outfit  would  root  about  1,000  ft.  per  day,  and  the  cost  per  lineal  foot 
was  therefore  about  4.7  cts.  Compared  with  this,  an  18-ton  Kelly  Spring- 
field road  roller  would,  with  the  same  rooter  and  points,  but  with  only  three 
plow  men,  root  1,500  ft.  per  day  at  the  following  cost: 

Item  CkMt  per  day 

Roller,  including  depreciation $10.00 

Engineer 4.00 

Fuel,  oil,  frease 2.35 

Depredaticm,  plow  and  points 0. 32 

Sharpening  13  plow  points,  at  10  cts 1 .  30 

Supervision,  supt.,  $1,  and  foreman,  50  cts 1 .  50 

3  plow  men  at  $3.75 8.25 

Total. $27.72 

Total  per  lineal  foot 1 .  85  cts 

• 

Comparison  of  the  two  statements  shows  in  favor  of  road  roller  rooting  a 
saving  of  2.83  cts.  per  lineal  foot,  or  $149.42  per  mile  of  road.  These  figures 
are  for  hard  rooting.  When  a  roadway  has  only  about  2  ins.  of  macadam  on 
the  surface  it  can  easily  be  rooted  with  twelve  head  of  horses  and  a  road  plow 
or  rooter  at  a  very  reasonable  cost,  as  shown  by  the  following  statement: 

Item  Cost  per  day 

12  head  rent  with  harness,  at  50  cts $  6. 00 

12  head,  feed  and  lodging,  at  50  cts 6. 00 

2  teamsters,  at  $3.25 6. 60 

3  plow  men  at  $2.75 8.26 

Depreciation  in  plow,  points,  etc 0. 82 

Sharpening  15  points  at  10  cts 1 .  50 

SupervisifHi,  supt.,  $1,  and  foreman,  50  cts 1 .  50 

Total $30.07 

Total  per  hneal  foot 1.67  cts 

• 

This  outfit  will  plow  1,800  ft.  per  day,  and  the  unit  cost  given  above  is 
based  on  this  output  of  work.  For  thin  macadam,  rooting  by  horses  is  the 
cheapest  method,  and  it  has  the  additional  advantage  that  the  travel  of  the 
horses  breaks  up  the  clods  from  the  plow.  When  a  rooter  is  used  for  rooting 
it  is  generally  the  practice  to  run  a  6-horse  plow  back  and  forth  through  the 
material  until  all  the  larger  lumps  are  broken,  and  it  is  in  shape  for  the  road 
graders  and  fresnoes  to  handle  readily.  The  diflference  in  hardness  of  the 
macadam  will  not  affect  the  output  of  the  steam  roller,  because  the  roller  has  a 
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floDBd  nto  of  4pted,  aiid  can  aooompliih  onlj  the  flied  amouiit  of  rootiiiir. 
wtaBtlwr  ia  m  soft  or  hud  materiaL 

Bou0h  OfMKna.-^After  breaking  up  the  old  road  euxfaoe,  it  was  rou^ 
gtMtod  to  within  0.1  ft.  of  the  required  grade  when  roUed  for  the  wlwle  width 
id  the  road,  iiwhiding  the  shoulders.  If  the  shoulders  are  graded  at  this 
time  the  material  is  handled  with  fewer  teams  than  if  the  grading  is  done  aftec 
the  eoncrete  is  laid.  Also  the  constant  oompaoting  of  the  shoulders  by  work 
teams  during  the  ooocreting  puts  them  in  better  shape,  and  ensures  a  more 
untftorm  appeaimoe. 

Staking  and  Placing  Bids  Forin*.^— After  the  rou|^  grade  had  been  broui^t 
to  within  0.1  ft.  of  exact  eleyation,  the  grade  and  line  stakes  were  set.  The 
load  being  particularly  described  had  a  16-ft.  pavement  4  in.  thick  with  a 
4H4t.  shoulder  on  each  side.  Tiie  concrete  base  has  a  crown  of  2M  iii0*»  the 
are  d  the  erowning  being  a  parabola.  From  the  edges  of  the  oooerete  slab 
the  flhouldem  slope  straig^it,  dropping  4  ins.  hi  4H  ft. 

The  location  of  the  side  forms  was  7H  ft.  from  the  crown,  and  with  their 
top  edges  2M  b>a-»  or  OJil  ft.,  lower  than  the  crown  eleration  shown  in  the 
profile.  Two  lines  of  grade  stakes  were  employed,  a  line  OM  ft.  each  side  of 
the  center  line  and  2  ft.  out  on  each  side  from  the  side  forms  for  the  concrete 
roadway.  These  2-ft.  intervals  gave  ample  room  to  set  and  peg  the  aide 
forms  without  disturbing  the  grade  stakes;  also  the  carpenters  in  setting  the 
side  forms  with  a  30-in.  spirit  level  could  notch  the  level  2  ft.  from  the  end, 
and  with  it  alone  adjust  the  form  board  both  to  distance  and  grade,  woridng 
from  the  grade  stakes.  The  carpenter  setting  skle  forms  required  only  a 
spirit  level  and  a  hammer. 

The  side  forms  were  handled  usually  by  two  men  at  $2.75  per  day  and  two 
men  at  $2.60  per  day.  These  could  place,  line  up  and  fasten  about  800  ft. 
on  each  side,  or  1,600  ft.  of  side  forms  per  day  at  the  following  costs: 

Item  Cost  per  day 

2  carpenters  at  $2.75 $  5. 50 

2  helpers  at  $2.50 5.00 

•1,680  ft.  2  X  4-in.  plank  at  $26  per  M  ft.  B.  M 0.27 

NmIs.  etc 0.28 

200  stakes  at  1  ct 2.00 

Interest  and  depreciation 0. 15 

Superintwadent,  $1;  foreman,  50  ote 1 .50 

Total  for  800  ft.  of  road $23.65 

Per  lineal  foot  of  road 2.M  sis. 

*  Boards  used  three  times,  so  one->third  of  total  cost  is  charged. 

Suhgrade  Conttruetion. — After  the  side  forms  were  placed  and  checked, 
material  was  filled  between  them  to  the  proper  depth  to  give  the  correct 
croon  sectional  profile  when  properly  rolled.  When  the  rollhig  was  com- 
pleted, the  surface  was  checked  by  means  of  a  template  and  when  there  were 
variations  of  consequence  from  the  true  grade  the  surface  was  harrowed  and 
material  added  or  removed  as  required. 

The  cost  of  reshaping  subgrade  varies  so  much  with  the  material  that  its 
tabulation  by  items  is  impossible.  It  runs,  however,  about  H  ct.  per  square 
foot  for  a  15-ft.  pavement;  this  cost  is  exclusive  of  grading,  excavation  and  fill. 
Excavation,  where  it  consists  of  shaving  off  a  thin  layer  of  crust  here  and  there, 
costs  about  80  cts.  to  90  cts.  per  cubic  yard. 

Mixing  and  Laying  Concrete. — The  specifications  called  Cor  a  l*.2'.<btQkVAXL 
stone  ooncTBte  and  stated  the  aizea  ot  stone  and  sand.    Y^VlYv  X\v^  \viA«c\a2ii5s% 
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of  work  it  was  found  that  a  natural  grayel  pit  existed  at  Healdsburg  and  that 
the  company  operating  this  pit  had  facilities  for  furnishing  promptly  this 
inttvel  in  any  quantity  demanded  by  the  work.  The  gravel  was  exceptionally 
clean  washed  gravel,  well  graded  and  dense.  Gravel  was.  therefore,  sub- 
stituted for  broken  stone.  It  cost  delivered  to  any  railway  siding  along 
the  work  72  cts.  per  cubic  yard.  The  av^age  haul  from  railway  to  the  work 
was  IH  miles,  and  the  cost  of  hauling  was  68  cts.  per  cubic  yard,  or  41  cts. 
per  yard  mile.  This  cost  of  haul  seems  high,  but  it  is  accounted  for  by  the 
weight  of  the  gravel,  3,300  lbs.  per  cubic  yard,  and  by  the  fact  that  crooked 
roads  prevented  haulage  in  wagon  teahi  by  traction  engines  and  made  team 
hauling  necessary. 

Using  this  gravel  and  a  1:6  mixture,  it  was  determined  that  96  sacks  of 
cement  would  make  100  ft.  of  15  ft.  by  4  in.  pavement.  The  plan  adopted 
was  to  pile  the  gravel  continuously  along  the  middle  of  the  subgrade  and  place 
the  cement  in  four-sack  piles  spaced  4  ft.  apart.  A  cleat  was  riveted  to 
the  inside  of  the  mixer  ctiarging  hopper  to  indicate  a  two-sack  batch  of  1 : 6 
mbc.  Six  men  using  square-pointed  shovels  charged  the  gravel  and  one 
man  charged  the  cement.  Qolden  Gate  cement  in  doth  bags  was  used; 
paper  sacks  broke  easily  and  carried  water,  and  also  the  fog  loosened  the  paste, 
letting  the  sacks  open  and  admit  dampness. 

The  mixer  traveled  on  3  ft.  X  3  in.  redwood  sills,  which  could  be  shifted 
easily  and  often  enough  to  guide  the  mixer  well.  This  runway  was  located 
midway  between  side  forms,  which  shifted  the  discharge  chute  slightly  off 
center,  but  not  enough  to  inconvenience  the  concrelers.  As  the  mixer  was 
operated  some  IM  days  behind  the  subgrade  finishing  crew,  the  subgrade 
surface  had  oi^>ortunity  to  dry  out,  and  consequently  it  was  wetted  down 
ahead  of  tiie  concrete  laying,  so  thai  moisture  would  not  be  sncked  by  the 
soil  from  the  concrete. 

The  concrete  was  distributed  by  the  chute,  and  also  shoveled  against  the 
side  forms,  special  care  being  taken  to  well  spade  and  dump  the  concrete 
against  the  forms,  so  as  to  ensure  an  exceptionally  dense  and  strcmg  concrete 
next  the  shoulders,  where  severest  wear  comes.  No  expansion  joints  were 
used. 

By  leaving  out  the  expansion  joints  and  letting  the  expansion  of  the  pave- 
ment itself  break  the  pavement,  we  have  the  maximum  of  this  pavement 
in  the  largest  possible  slabs.  Now,  alter  cleaning  the  concrete  slab  for  the 
application  of  the  wearing  surface,  specially  clean  these  cracks  and  pour  hot 
or  heavy  asphaltic  road  oil  into  them;  this  will  form  a  perfect  expansion  joint. 

The  cost  of  the  concrete  base  laid  as  outlined  above  was  as  follows: 

Item  Cost  per  day 

1  foreman  at  $4 I  4 .  00 

1  engineman  at  S3 3.00 

10  shovelers  at  $2.75 27 .  50 

1  cement  man  at  $2.75 2.76 

2  finishers  at  $3 6.00 

Depreciation  of  plant  and  tools 9 .  00 

Cost  of  water 6.13 

Total •    $67.38 

The  average  daily  run  of  concrete  pavement  was  550  lin.  ft.,  or  101.85  cu. 
yds.    The  above  statement  of  costs  is  a  statement  of  costs  with  concrete 
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malifrlilii    twimmt  and  gravel — delivered  onto  the  subgrade  ready  for  use. 
and  tbey  give  the  following  unit  costs: 

Per  fin.  ft.,  15-ft.  roadway 10.4  oto. 

Per  ov.  yd.  ol  eonerete M.3  ela. 

Mtihod  and  CoH  of  Securing  Water, — AH  water  used  on  this  work  had  to  ba 
immped.  A  line  of  2-ln.  boiler  pipe  in  8-ft.  lengths  was  laid  along  the  work 
and  provided  with  1-in.  taps  at  50-ft.  inttBrrab.  This  pipe  line  was  torn  up 
and  laid  ahead  as  mimping  stations  were  moved  and  as  the  woik  prognHed; 
two  men  at  a  daily  coat  of  90  were  employed  oontinootisly  «t  this  work. 
AH  pumping  stations  but  one  were  located  at  adjacent  streams,  and  the  water 
supply  cost  nothing  except  for  pomps  and  pumping.  In  one  case  an  18&4t. 
wen  was  bored  at  a  cost  of  tsisO;  this  well  supplied  100.000  gals,  per  day 
during  the  driest  part  of  the  year  for  about  ftwe  miles  of  the  road.  The  cost 
per  day  of  supiklying  water  was  as  foDows: 

Item  Cost  per  day 

Igas  endne  pomp  man  at  t2.75 t  9.75 

3  gas  enable  pump  men  at  $2.i50 6.00 

3  pipe  layers  at  12.60 6.00 

Int.  and  dep.  on  17,000  ft.  of  pipe  and  engine 3.00 

Fuel  and  oil  on  naoBne  pump 8. 16 

Superintendent,  91;  foreman,  50  eta 1.60 

Total.... 918.40 

Water  was  used  in  about  e<|ual  quantities  for  (1)  mixing  concrete;  (2)  curing 
concrete  and  (8)  wetting  subgrade;  of  the  abore  total  cost,  therefore,  one- 
third  or  96.13,  was  charged  to  each  service. 

Finishing  and  Curing, — Several  methods  of  finishing  and  curing  the  con- 
crete slab  weie  Investigated.  The  first  plan  was:  Six  hours  after  placing  to 
brocnn  with  a  steel  Imxnn  the  surface  and  so  roughen  it  that  the  bituminous 
covering  would  cUng.  After  twelve  hours  sprinkling  began  and  the  concrete 
was  kept  moist.  While  this  plan  might  have  been  satisfactory  in  winter  or 
wet  weather  It  did  not  give  good  resulta  in  the  summer  which  was  the  time 
of  year  the  work  was  done.  The  concrete  could  not  be  kept  evenly  moist  and 
also  much  water  ran  off  and  was  wasted.  The  second  plan  was  to  broom  the 
concrete  as  in  the  first  plan,  then  build  earth  dams  along  the  pavement  edges, 
then  wet  down  the  concrete,  then  cover  It  with  2  ins.  of  earth  and  water  the 
covering  until  saturated  and  the  water  showed  in  pools.  By  this  plan  the 
moisture  was  better  distributed,  it  was  more  obvious  to  oonunon  laborers  when 
more  wetting  was  needed,  and  there  was  less  loss  of  water  by  evaporation  and 
run  off.  A  third  plan  tried  and  abandoned  was:  after  brooming  the  concrete, 
to  sprinkle  It  and  cover  it  with  heavy  building  paper  held  down  by  clods  and 
stones.  The  idea  was  to  remove  the  paper,  resprinkle  and  replace  the  paper 
every  night  for  seven  ni|^ts,  the  standard  curing  period.  It  was  anticipated 
that  the  paper  would  prevent  evaporation,  reduce  labor  as  compared  with 
shovding  In  earth  and  building  dams,  be  quick  in  application,  eliminate 
attention  during  the  day  and  offer  several  other  advantages.  The  plan  did 
reduce  labor  but  the  paper  was  torn  off  in  places  by  the  wind  and  did  not  pro- 
tect the  pAvemeBt  from  drying  out  in  spots.    It  was  no  VmXXat  \Xaa^  ^tei^ 
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A  fourth  plan  wsb  finally  derised  whidi  eliminated  most  of  the  faults  of  pre- 
ceding plans.  First,  levees  were  built  along  the  edges  and  over  the  side  forms 
in  such  position  that  about  one-third  the  width  of  the  embankment  fell  inside 
the  form  board  and  over  the  concrete.  These  side  levees  were  built  high 
enough  to  hold  a  depth  of  water  of  2  ins.  over  the  crown  of  the  slab.  At  suit- 
able intervals  depending  upon  the  grade,  cross  levees  connecting  the  side 
levees  were  built.  The^  levees  divided  the  pavement  into  a  series  of  basins 
.which  could  be  filled  with  water.  On  supereievated  curves  in  addition  to 
cross  levees  a  number  of  parallel  longitudinal  levees  were  built. 

Referring  to  some  of  the  details  noted  above:  The  purpose  of  building  the 
side  levees  two-thirds  outside  the  side  forms  is  two-fold:  First,  about  one- 
third  the  width  of  the  levee  becomes  saturated  and  this  third  is  over  the 
concrete  slab  which  requires  wetting.  Second,  the  form  boards  can  be  lifted 
out  for  reuse  leaving  two-thirds  of  the  levee  intact  to  maiotaio  the  reservoir. 
Besides  being  required  for  hydraulic  reasons  the  division  by  cross  levees  into 
small  basins  serves  the  purpose  of  confining  loss  of  water  by  a  levee^break  to  a 
small  area  of  pavement;  restoration  is  also  thus  facilitated.  Also  m  construc- 
tion the  workman  can  let  one  basin  be  filling  while  he  is  building  the  succeed- 
ing leveee. 

This  method  of  watering  concrete  pavement  had  the  following  advantages 
over  the  second  described  and  next  most  successful  method:  (1)  It  required 
less  labor  to  construct  cross  levees  than  to  cover  the  slab  all  over  with  2  ins.  of 
earth;  (2)  the  wetted  black  earth  covering  suffers  greater  loss  by  evaporation 
than  does  the  heat  refiecting  water  surface;  (3)  all  the  pavement  is  water 
covered  while  an  earth  covering  may  dry  out  in  si>ots  and  absorb  water  from 
the  concrete;  (4)  all  work  is  done  at  night  when  water  is  needed  for  no  other 
purpose,  while  an  earth  covering  has  to  be  sprinkled  continuously;  (5)  one 
filling  of  the  basins  suifloes  for  the  total  curing  while  an  earth  covering  has  to 
be  wetted  frequently;  (6)  the  levees  suffice  as  barriers  notifying  drivers  not  to 
cross  the  work,  while  with  earth  covering  separate  barriezs  are  necessary; 
(7)  the  filling  of  the  basins,  however,  must  be  more  carefully  done  so  as  not  to 
wash  the  concrete  than  when  earth  covering  is  used;  the  best  method  is 
to  let  the  hose  stream  run  on  a  sack  laid  on  the  pavement. 

The  cost  of  curing  concrete  pavement  by  the  methods  described  are  given 
by  Table  XXVII ;  in  this  table  method  three  being  oMisidered  not  practical 
is  omitted,  also  its  cost  is  about  the  same  as  that  for  method  one.  It  is  seen 
from  Table  XXVn,  that  method  four  is  far  the  oheapest. 

Tablk  XXVI I . — Cost  of  Cujuno  Concrete  Pavement 

Method  Method    Method 
No.  1       No.  2       No.  4 

1  man  at  $2.75  per  day $  2.75  $  2.75 

Men  at  $2.50  per  day $12.50  17.50  10.00 

Depreciation,  shovels,  etc 0. 40  0. 80  0. 65 

Cost  of  water 6.18  6.13  6.18 

Supervision,  supt.  &  foreman 1.50  1.50  1.50 

Total  cost  Ist  day $20.03  $28.68  $20.53 

Lineal  feet  covered 800  550  650 

Cost  per  Un.  ft.,  let  day $0,067  $0,052  $0,037 

Cost  of  each  conseoutive  day 0.067  0.052  0.005 

Total  cost  of  ouring.  7  days,  per  Hn.f  t.  pavement    0. 469  0. 364  0. 067 

The  side  form  boards  were  removed  seven  days  after  placing  the  concrete; 
this  work  cost  about  1  ct.  per  lineal  foot  of  pavement.    The  earth  levees  were 


ROADS  AND  PAVEMENTS  993 

left  in  place  about  a  week  longer  and  were  then  removed,  usually  with  a 
four-horse  road  scraper  and  at  a  cost  of  about  0.3  ct.  per  lineal  foot  of  pave- 
ment. With  the  same  scraper  the  shoulders  were  brought  as  near  as  prac- 
ticable to  grade  and  then  they  were  finished  by  hand.  ConBtructing  shouldeia 
cannot  easily  be  figured  in  cubic  yard  units  but  if  they  are  brought  to  shape 
with  the  rough  grading  as  previously  described  the  work  will  cost  exclusive  of 
rolling,  about  5  cts.  per  lineal  foot  of  pavement  and  including  roUing  about 
6  cts.  p«-  lineal  foot  of  pavement. 

SUMMARY  or  coax 

Summarizing   the   costs   previously   given,   the   following   tabulation  Is  . 

obtained: 

Per  ft.  road 

Tearing  up  old  roadway  with  rooter  and  plows $        0. 0283 

Placing  form-boards  (Mter  exo.  and  emb.  nave  been  done) 0.0296 

Handhng  and  preparing  sub  grade  with  n^ng 0. 0875 

Cost  of  pouring  and  finishing  4-in.  concrete  ba[se 0. 1043 

Cost  of  curing  and  finishing  (Method  No.  4). 0.0670  '• 

Cost  of  removing  form-boards 0. 0100 

Cost  of  cleaning  earth  off  pavement 0.0030 

Cost  of  preparing  shoulders 0.0600 

Actual  cost  per  lineal  foot $        0.8397 

Actual  cost  per  mile $1 ,793 .  62 

10  pet.  for  contingencies 179 .  36 

Total  cost  per  mile $1 ,972. 98 

These  costs  are  exclusive  of  costs  of  materials  and  of  excavation  and  fill. 

Organixation  and  Output  of  a  Gang  Laying  Concrete  Base  for  Aaphalt  : 
Pavement. — W.  D.  Jones  gives  the  following  in  Engineering  and  Contracthig,  ; 
July  5,  1916. 

In  pavhDtg  a  street  with  6  in.  of  concrete,  1  in.  of  binder,  and  2  in.  of  asphalt  i 
wearing  surface  at  Los  Angeles  Harbor,  California,  the  contractors  for  the  • 
work,  had  the  following  output,  plant  and  organization  for  one  working  day  of  < 
8  hours  with  good  clear  running  and  no  Important  stope. 

The  mix  was  1 : 3 : 6  of  cement,  sand  and  crushed  rock,  respectively,  and  was 
mixed  in  batches  by  a  No.  14  Chicago  Street  Paver  having  a  diargfng  skip  and 
a  revolving  spout  for  discharge.  The  base  on  which  concrete  was  laid  had 
previously  been  prepared  and  stakes  driven  with  tops  2  in.  under  the  sub- 
grade  in  order  that  they  might  be  worked  over.  Planks  2  in.  X  10  in.  were 
laid  out  ahead  and  concrete  materials,  in  quantity  necessary  per  foot  of 
sitreet,  piled  on  these  for  ease  in  shoving  to  wbeelbarrows.  Cement  was 
piled  alongside  the  street  at  intervals  necessary  for  handling  to  the  mixer,  as 
the  work  progressed,  by  hand,  fourteen  wagons  hauled  the  necessary 
materials  from  stock  piles  about  H  niile  away,  over  dirt  road.  Occasionally 
an  extra  load  had  to  be  brought  in  close  to  the-  mixer  or  one  taken  away  in 
order  to  correct  error  in  gaging  the  quantity  necessary,  by  wagon  loads,  but 
OS  a  rule  the  measurements  checked  out  pretty  well.  Two  men  shoveling  into 
one  sand  barrow  and  four  men  into  two  rock  barrows  kept  the  mixfii  oiv^\Si»\. 
with  sand  and  rock,  the  men  taking  turns  at  wb^Wng  \\)fc  V>asxo>N%  >aL^  >2Dfe 
/ad/ne  to  dump  tnto  cluurging  skip.  One  cement  man  l«ii  ii^«x  «si<^  ^^^^ 
helper  cerried  sacks  from  ttse  storage  piles  mentioned  «X>o%'«  Xo  \\»  \^36\V»xax 
03 
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on  which  he  stood.  One  wagon  with  body  removed,  one  teamster  and  two 
men  were  kept  busy  taking  out  planks  after  the  mixer  had  passed  over  and 
before  they  were  covered  with  concrete,  and  hauling  them  ahead  and  placing 
them  for  additional  material  as  the  work  progressed.  One  man  put  in  and 
maintained  the  header  boards  which  limited  the  edge  ot  the  pavement  and 
another  was  kept  busy  between  grading  and  cleaning  up  in  the  wake  of  the 
mixer  and  in  driving  stakes  to  the  grade  of  the  finished  surface  of  the  street; 
this  was  done  by  measuring  up  from  the  tops  of  stakes  previously  driven  below 


i  Tamping  and  Watering}  Note.- 6  Spreaders  for  50" 
""-nrpo ^  Street,  5  forBi'Street 


I  Spreading  \ 

\  Distributor} 
i[jS5 ' 


Discharge 


Botcti 

Mixer 

Chicggo 

NaH 


Receiving 


I  ForemarA 

I   Material  Checkerl 
I  Clean  Up  Helper    I 


Fig.  13.— 'Diagram  of  gang  organization. 


subgrade,  all  stakes  having  been  driven  the  same  distance  below  finished 
grade.  One  man  attended  to  the  discharging  spout  and  three  men  to  leveling 
and  working  the  concrete  to  place  3  in.  below  the  finished  surface  of  the  street. 
Three  men  took  care  of  this  end  when  the  street  was  24  ft.  wide  or  narrower  but 
more  men  were  necessary  in  laying  a  wider  pavement,  six  being  necessary  on  a 
50-ft.  street,  the  cost  having  been  observed  on  a  24-ft.  scSstioo.  One  man 
followed  up  after  concrete  was  fairly  hard  and  roughened  the  surface  of  the 
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oncrete  with  a  triangular  stamp  in  order  to  give  a  better  bond  with  the 
>inder;  he  also  put  up  barriers  and  wet  down  the  concrete.  In  eight  working 
loun  13,000  sq.  ft.  of  6-in.  base  was  laid  with  this  mixer  and  organisation. 
This  amounts  to  24 1  cu.  yd.  for  the  day  and  to  1  cu.  yd.  every  2  minutes.  The 
>rganization  and  cost  summarized  is  as  foIlowB: 

1  foreman  at  $4 $    4.00 

1  engineer  at  $3.50 8.50 

1  checker  at  S3 3.00 

1  cl.  helper  at  S2.25 2.35 

14  teams  and  drivers  at  $5 70.00 

6  rock  men  at  S2.75 1(1.50 

8  sand  men  at  S2.75 8. 35 

1  cement  man  at  S2.75 2.75 

1  cement  helper  at  $2.50 2. 50 

1  header,  boards,  at  $2.50 2. 50 

1  team,  driver  and  helper  at  $7.50 7 .  50 

1  plank  man  at  $2.50 2. 50 

1  stake  man  at  $2.50 2. 50 

1  spout  man  at  $2.50 2. 50 

8  leveling  at  $2.50 7.50 

1  tamp  and  water  at  $200 2.00 

Total  labor $180.75 

241  cu.  yd Per  cu.  yd.        0.58 

Total  labor  exclusive  of  hauling  material  to  site 09 .  75 

Total  labcff'  exclusive  of  hauling  material  to  site.  Per 

cu.  yd 0. 20 


The  diagram,  Fig.  13,  shows  distribution  of  organixation  about  the  mixer. 

ComparatiTe  Cost  of  Concreting  Pavement  of  Street  Railway  Right  ef  Way» 
Udng  Batch  Machine,  Continoons  Mixer  and  Hand  Mixing. — ^The  following 
ooets.  given  by  8.  Qausmann.  formerly  Roadmaster  of  the  Brooklyn  Rapid 
Transit  CkMnpany,  New  York,  in  Engineering  Record,  April  10,  1015,  are 
baoed  on  doing  work  with  no  car  interference.  Tlnse  coets  will  be  somewhat 
increaeed  under  car  operation,  with  machines  outside  the  tracks,  or  decreased 
with  machines  of  larger  capacity. 

The  freight  rates  for  hauling  machines  to  and  from  work  are  in  accordance 
with  rates  approved  by  the  Public  Service  Commission  of  the  State  of  New 
York,  First  District,  and  include  the  total  cost  of  miUntenance  of  the  car 
equipment,  cost  of  trackage  and  overhead  line  rights  and  office  expenses  of  the 
freight  department.  These  rates  vary  according  to  the  length  of  haul,  the 
figures  given  being  for  an  average  haul.  This  haulage  cost  would  be  con- 
siderably reduced  where  the  track  department  does  its  own  handling  of 
material,  etc,  and  where  only  the  wages  of  crews  are  diarged  against  it  instead 
of  having  the  freight  department  make  a  general  diarge  per  car-mile. 

Coat  with  BaUh  Mixer. — The  batdi  mixer,  for  whidi  the  foUowing  costs  for 
operation  are  given,  is  of  0.5  cu.  yd.  capacity.  It  can  be  bought  for  $1300, 
mounted  on  a  car.  and  is  electrically  operated  as  to  mixing  only,  so  that  it 
must  be  hauled  to  and  from  the  work  daily. 

The  number  of  men  employed  and  their  rates  per  hour  in  operating  a  ma- 
chine of  this  character  are:  One  assistant  foreman,  25  cents;  one  operator, 
25  cents;  four  laborers.  20  cents;  six  laborers,  18  cents;  fourtoea  \a3b«t^T%^ 
16  cents;  one  checker  ot  time  and  material,  15  oenta,  ot  aVoX^coaVoilVn  n^ 
faroaedMjrot  tea  boun.    TbiB  cost  is  distributed  to  t^bie  'wAionia  ts\i«c«ft\c0Da 
MM  MJowb: 
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Coax  Pb&  Day  tor  Gang  on  Onb  Batch  Machinb 

Operation  bf  the  machine I  2. 50 

Waidiing  mix  and  dumping 4 .  25 

Handling  material  to  the  machine 13. 50 

Removing  and  placing  the  track , .  22 .  10 

Ramming  and  tamping  under  the  rail 3 .  85 

Checking 1 .  50 

Total ' . . .  $47.70 

Add  other  charges: 

Overtime  for  cleaning I  0. 90 

Interest  on  investment .58 

Fieigpt  to  and  from  work 6. 25 

Lubricants,  repairs  and  incidentals ..>....  2 .  33 

$10.06 

Total $57.76 

A  gang  of  this  size  will  average  in  a  ten-hour  day  approximately  675  ft.  of 
single  track  with  concrete  7  in.  deep.  The  area«'  with  6  X  8-in.  X  8-ft.  ties 
spaced  2  ft.  center  to  center  is  equal  to  04.22  cu.  yd.,  making  the  unit  cost 
S0.613  per  cubid  yard,  exclusive  of  material. 

Cost  with  ConCtnuoua  Mixer. — A  good  continuous  mixer  of  a  standard 
make  c^n  be  purdiased  for  $560.  Although  such  mixers  are  supplied  on 
wheels  for  use  at  the  side  of  the  track,  a  good  car  with  old  pony  wheels  and  a 
wooden  frame  can  be  made  for  approximately  $30,  thus  bringing  the  total 
cost  to  less  than  $590.  This  cost  is  for  a  gasoline-operated  machine,  but  an 
electrically  operated  one  is  preferable.  Provided  an  old  motor  is  obtainable, 
the  first  cost  win  vary  but  little  from  gasoline,  whereas  the  cost  of  operation 
wfllbeleas. 

As  a  michine  of  this  kind-is  eastty  d^aiHed  it  need  n^t  be  removed  from  the 
street  daily^  and  cad  be  left  on  the  work  continuously  ready  for  use  at  any 
time,  with  no  outlay  ios  freight  ohu'ges  until  it  is  required  at  other  points. 

The  number' of  men  employed,  and  their  rates  per  hour,  in  operating  one  of 
these  machines  are:  One  assistant  foreman,  26  cents;  one  operator.  25 tents; 
two  laborers,  20  cents;  three  laborers,  18  cents;  eight  laborers,  16  cents;  one 
(diecker  of  time  and  material,  15  cents,  or  a  total  cost  of  $28.70  for  a  ten-hour 
day.    This  cost  is  distributed  to  the  various  operations  as  follows: 

Cost  Fxr  Day  for  Gamg  on  Comtinuoub  Mixbb 

station  of  maehine $  2. 50 

fapdling  material  to  madupe. . , 10.20 

stributing  in  track. 12. 10 

Ramming  and  tamping  under  rail 2.40 

Cheeking 1.50 

$28.70 
Add  other  charges: 

Overtime  for  deaaing $  0. 50 

Interest  on  inve|rtment 26 

Freight  to  and  from  work 1 .  25 

Gasoline,  oil  and  repairs 2. 25 

$  4.26 

Total $32.96 

;iriii0  gong  wfll  average  480  ft.  of  single  track  per  ten^hourday,  vrlth  con- 
crete 7  in.  deep.    This  area,  with  6  X  8-in.  X  8-ft.  ties  spaced  2  ft.  center  to 
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center  is  equivalent  to  60.054  cu.  yd.,  making  tlie  unit  cost  I0.M8S  per  cubic 
yard,  exclusive  of  material. 

Mixing  by  Hand. — Of  course,  in  mixing  by  hand  the  number  of  men  em- 
ployed may  vary,  but  for  an  illustration  we  may  assume  that  as  many  are 
employed  as  on  the  continuous  mixer,  exclusive  of  the  operator.  The  cost 
then  would  be  distributed  to  the  various  operations  as  follows: 

Mixing  by  Hand 

Distributing  material  and  mixing $10. 50 

Distributing  in  the  track 11. 80 

Ramminc  and  tamping  under  the  rail 3.40 

Checking 1.60 

I2«.20 

This  number  of  men  in  a  ten-hour  day  will  average  225  ft.  of  single  track 
with  concrete  7  in.  deep  which,  with  6  X  8-in.  X  8-ft.  ties  spaced  2  ft.  center 
to  center,  amounts  to  32.77  cu.  yd.,  equivalent  to  a  unit  cost  of  80  cents  per 
cubic  yard. 

The  foregoing  figures  were  obtained  from  many  years*  experience  in  this 
line  and  from  carefully  collected  data.  While  they  may  not  apply  to  all 
locations,  the  costs  can  be  easily  adjusted  to  meet  any  conditions  from  the 
Information  given. 

Portable  Frame  for  Canvas  Covering  for  Concrete  Road  Construction 
(Engineering  and  Contracting,  Dec  3,  1919). — A  simple  portable  frame  for 
supporting  the  canvas  covering  used  in  concrete  road  construction  before  the 
earth  protection  is  applied  is  described  in  a  recent  issue  of  The  Concrete 
Highway  Magazine.     Details  of  the  arrangement  are  shown  tn  Fig.  14. 


■  ^yS"  Continuous 
rx6'jt^'4'0'o.c 

Fio.  14. — Cross  section  showing  construction  of  frames  and  methods  of  support- 

ing  them  on  side  forms. 

A  sawhorse  of  the  required  height  was  set  up  in  the  center  of  a  complete<l 
section  of  concrete  road  and  1  by  4-in.  transverne  members  laid  across  it. 
The  ends  were  then  bent  c^own  until  they  touched  the  skto  forms  and  nailed  to 
2  by  5-in.  longitudinal  runners.  A  1  by  *-hi.  continuous  strip  was  nailed  to 
the  truss  members  at  the  top  so  as  to  hold  them  rigidly  and  uniformly  spaced. 

The  lower  or  horizontal  wire  was  attached  to  one  side  by  winding  it  around 
a  cleat  secu rely  nailed  in  place.  In  order  to  spi  ing  the  other  side  Into  position, 
a  crowbar  was  used.  The  wire  was  wrapped  around  a  cleat  and  then  attached 
to  the  bar,  which  was  used  as  a  lever  until  the  wire  was  taut  «iio>3«Vi  %aA  Vwn 
files/  bad  been  nailed  down.  This  was  continued  uniW  a\\  \\ai\wjin\"«\>»Vw»'^»^ 
been  placed.  Additional  strength  and  rigidity  "wcie  c^JflaiweA  Vsrs  <s«wqskXVo% 
tlie  crown  of  the  truss  with  the  horizon  tal  wire  by  a  vect\ca\  ^i^  •    O'Sfc^X* *i  ^'^ 
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6  by  12  in.  'were  placed  under  the  aide  braces  at  intervals  of  4  ft.,  to  faciUiate 
handling.    Eight  of  these  supports  were  made  in  units  25  ft.  long. 
The  cost  of  200  lin.  ft.  of  the  supports  was: 

Lumber.  1,500  ft.  B.  M.  at  $50 I  75.00 

Wire,  nails,  etc 3.00 

Labor.  3  men,  2  days,  at  $4 24 .  00 

Total  (200  Un.  ft.  at  51  cU.) $102.00 

The  frame  was  devised  by  G.  J.  Lynch  of  Reagon  &  Lynch,  Contractors 
Uniontown.  Pa.,  and  was  used  on  the  construction  of  a  portion  of  State  High- 
way Route  No.  116,  near  Smithfield, '  Pa.    Mr.  Lynch  gives  the  following 
figures  showing  the  cost  of  shifting  the  canvas: 

Eight  men  and  one  foreman  working  one  hour  were  necessary  to  shift  200  ft. 
of  canvas  until  these  supp<»ting  frames  had  been  devised.  Now  the  same 
WOTk  is  accomplished  in  15  minutes.  The  covering  is  moved  three  times  a 
day.  The  following  table  g^ves  comparative  costs  between  old  and  new 
methods: 

Cost  of  shifting  eanvas  without  supports: 

8  men,  3  hours,  at  40  cts $  9. 60 

1  foreman,  3  hours,  at  60  ots 1 .  80 

Total $11.40 

Average  daily  yardace 600 

Unit  cost  per  sq.  yd 1.9  ct. 

Cost  of  shifting  eanvas  with  supports: 

8  men.  H  iM>ur.  at  40  ots , $  2.40 

1  foreman,  ^  hour,  at  50  cts .45 

Total $  2. 85 

Unit  cost  per  sq.  yd 0.475  cts. 

Cost  of  Removing  Old  Concrete  Pavement — The  following  data  are  based 
on  an  article  published  in  Engineering  and  Contracting,  May  3.  1916. 

Alength  of  410  ft.  of  concrete  pavement  constructed  in  1913  as  a  portion  of 
what  is  known  as  the  Byberry  and  Bensalem  Service  Test  Road  was  in  1915 
removed  because  of  rapid  wear  and  replaced  by  new  concrete.  The  original 
pavement  was  5  in.  thick  of  1:3:6  concrete.  The  amount  of  pavement 
removed  was  792  sq.  yd.  or  110  cu.  yd.  It  was  removed  by  hand  using  ban 
and  sledges.  The  cost  of  removal  was  29.67  cts.  per  square  yard  or  about  $2.08 
per  cubic  yard.  The  labor  cost  of  reconstructing  this  pavement  was  21 .46  cts. 
fiCT  sq.  yd.,  thus  the  cost  of  removing  the  old  concrete  cost  about  38.2  per 
ent  more  than  tlie  labor  cost  of  a  new  pavement. 

Cost  of  Redressing  Oranite-Blocks  for  Pavempnts. — The  following  data, 
Published  in  Engineering  and  Contracting.  Oct.  14.  1914.  are  taken  from  a 
liscussion  of  the  use  of  blocks  from  old  granite  block  pavements  by  Wm.  A. 
lowell  before  the  American  Society  of  Municipal  Improvements. 

The  old  blocks  used  on  the  1914  jobs  in  Newaric  range  in  length  from  10  to 
14  ins. 

A  blockmaker  can  in  a  day's  work  of  8  hrs.  nap  and  redip  175  large  blocks 
into  350  small  ones.  It  costs  the  contractor  $15.00  per  thousand  for  the  small 
blocks,  or  $30.00  per  thousand  for  the  large  ones.  These  blocks  run  21  to  the 
square  yard,  or  42  to  the  yard  for  the  small  ones. 


^  I 
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A  nmili  detailed  estimAte  of  the  cost  of  this  kind  of  pavement,  which  would 
armtt  of  a  yarlation  of  possibly  10  to  15  cents,  would  be  about  is  follows: 

Costpw 
Item  sq.  yd. 

aid  flitgr  at  Sots,  each tO.68 

aid  ellppen  for  work .68 

•ytnt  sImI  handling .30 

and 06 

Soocrate ,  .66 

hadinc 10 

laoliac .' 10 

...  .12 


Cost  per  sq.  yd.  (21  blocks  required) 62.48 

TUB  tdOomtag  Is  taken  trom  Engineering  Record,  Dec  14,  1014.  During 
tm  last  two  years  extensive  areas  of  granite  block  pavement  have  been  taken 
ip,  TedRssed  and  rdald  by  the  Baltimore  Municipal  Paving  Commission. 
Ite  eapease  of  removing,  dressing  and  relaying  the  block  has  been  less  than 
^wo-thirds  the  prevailing  price  for  new  granite-block  surf aoe. 

Ttie  dd  stones  were  of  the  usual  heavy  type,  many  as  large  as  14  in.  in 
tength,  6  in.  In  width  and  8  in.  In  depth.  The  broken  blocks  are  from  4H  hi. 
to  6  In.  deep,  and  those  iN^iich  are  less  than  8  in.  in  eHher  suif  ace  dimensloQ  are 
not  used. 

As  much  of  the  (dd  Mock  was  laid  on  streets  bearing  a  light  trafBc  only ,  little 
trouble  is  experieneed  because  of  the  operations  of  the  working  gangs.  From 
the  old  pavements  the  blocks,  which  are  sand  filled,  are  removed  with  crow- 
bars and  placed  convenient  to  the  cutten.  who  work  in  the  street,  producing 
about  226  of  the  small  blocks  per  8-hr.  day.  The  price  for  redressing  is 
about  2H  cents  per  block,  although,  as  the  work  has  been  let  in  many  con- 
tracts, this  price  varies  somewhat.  The  renovated  blocks  are  carried  to  the 
heavy-traiBc  streets  on  which  they  are  to  be  used.  They  are  then  laid  in 
ttaosvene  courses  on  a  6-in.  1 :  3H :  7  concrete  foundation  with  a  2-in.  sand 
cushion.  The  Joints  are  grouted  with  a  1:1  mortar,  a  thin  coat  of  which  Is 
finally  appUed  to  the  surface.  Traffic  is  kept  off  the  completed  pavement  for 
14  days. 

During  1018  there  were  laid  of  this  new  paving  about  6,000  sq.  yd.,  and  in 
1014,  to  Nov.  1, 3,900  sq.  yd.  Approximate  costs  per  square  yard  of  finished 
pavement  for  this  surface  are  as  follows:  Breaking  up  old  pavements,  10.00; 
reeutting,  $1.00;  hauling,  laying  and  grouting,  $0.71;  total  unit  cost,  $1.80. 
As  the  old  blocks  have  practically  no  value  unless  used  in  this  way,  the  cost 
of  layinir  the  recnt  prisms,  exclusive  of  foundation,  may  be  compared  with  that 
for  improved  granite  block,  ezdusive  of  foundation.  As  an  average  figure  for 
the  latter  in  Baltimore  Is  $2.80,  reeutting  means  a  saving  of  36  per  cent. 

Paving  Blocks  Cat  from  Old  Granite  Block  WaU  (Engineering  and  Contract- 
ing, July  3,  1918). — ^The  i>roblem  of  disposing  of  a  masonry  wall  around 
the  old  City  Hall  at  San  Frandsco  was  solved  by  cutting  the  stone  into  paving 
Modes.  The  work  was  done  by  hand  and  the  paving  blocks  were  produced 
at  a  cost  of  $37.60  per  1,000.  The  men  were  paid  $6  per  day.  About  75.000 
6  in.  deep  by  7  to  8  hi.  long  and  3  to  4H  in-  wide  paving  blocks  were  obtained. 

Cost  of  Grovtiag  Oranite  Block  Pavement — ^The  following  matter  is  given 
in  Engineering  and  Contracting,  Nov.  3.  1916. 

The  value  of  grout  Joint  fUler  tor  granite  block  pavenvBiiX  Yvqa  \M^ii  usaidx 
dSmeumed  wHh  gnat  dffkrence  of  opinion.    Qrout   fiMlns  Va  «twiia>w<Ki 
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emplayed  and  ibis  discussian  considers  only  that  fact  in  presenting  methods 
and  ooBtB  of  grouting.  As  no  general  and  mucb  less  no  standard  prafitloe  has 
been  determined,  information  is  best  given  by  citing  individual  examples. 
These  do  not  cover  all  places  in  which  grouted  granite  block  paving 
is  employed  but  they  fairly  represent  grouting  practice. 

Latorencef  Maaa. — The  method  of  grouting  is  as  follows:  After  the  blocks, 
3M  to  4  ins.  wide,  7  to  8  ins.  deep  and  11  to  13  ins.  long  are  set,  they  are 
stiffened  in  place  by. ramming  with  a  small  amoimt  of  pea  gravel,  perhaps 
an  inch  in  depth,  in  the  joints.  The  grout  is  a  1  cement  and  1  sand  mixture 
and  is  mixed  in  iron  boxes  designed  and  patented  by  Paul  Hannagan.  Director 
of  Engineering.  When  thoroughly  mixed,  the  grout  is  discharged  onto  the 
pavement  and  then  broomed  grout  is  removed  from  the  tops  of  the  blocks. 
In  a  test  made  in  1912.  it  was  found  that  0.108  bbl.  of  cement  was  used  per 
square  yard  of  pavement.  The  cement  cost  fl  .08  per  barrel;  pea  grav<el  cost 
about  $2.30  per  cubic  yard  and  sand  cost  $1 .00  per  cubic  yard.  With  wages 
at  S2.25  per  day,  the  labor  cost  of  grouting  was  6.4  cts.  per  square  yard  of 
pavement;  the  total  cost  per  tquare  yard  was  26^  cts.  Data  reported  by 
City  Engineer  Arthur  D.  Marble. 

Xoioett,  Ma9€. — This  city  has  about  SH  miles  of  grouted  granite  block 
pavement  on  concrete  base.  The  average  cost  of  grouting  joints  is  24H  cts. 
per  square  yard.  The  amount  of  material  per  square  yard  of  4H  ins.  deep 
blocks  is  0.295  bags  sand  and  the  same  volume  of  cement.  The  essentials  for 
securing  good  grouted  granite  block  pavement  are  stated  as  foUows: 

1,  Have  ^sub^grade  well  rolled  and  all  soft  j>laoes  eliminated;  6  ins:  of 
crushed  stone  spread  over  the  sub-grade  and  rolled  to  a  true  crown;  mixture 
for  foundation,  4  parts  sand  and  1  part  cement. 

2,  Sand  to  a  uniform  thickness  of  2  ins.  should  be  spread  over  the 
foundation. 

3,  The  blocks,  after  careful  culling,  should  be  well  rammed  and  at  the  same 
time  pea  stone  should  be  broomed  into  the  jokits. 

-  4^  For  the  grouting*  be  sure  the  cement  is  good  and  the  sand  dean  and 
sharp.    A -small  percentage  of  clay  is  good  to  use  as  a  binder. 

6.  Be  careful  to  use  the  correct  proportions  of  sand  and  cement.  Use  1 
part  cement  and  1  part  sand  for  mixture. 

6.  If  a  mixing  machine  is  not  used,  ke^  the  mixture  constantly  agitated  in 
the  box.  Remove  the  grout  from  the  box  with  scoop  shovels.  Never  dump 
the  contents  of  the  box  upon  the  street.  Whenever  this  is  done  there  will  be  a 
bare  ^ot  in  the  grouting, 

7.  Wet  blocks  thoroughly  before  applying  grout. 

8.  As  the  grout  is  poured  upon  the  blocks  throw  in  pea  stone  and  broom  it 
ito  the  grout,  bringing  the  whole  to  an  even  smooth  surface. 

9.  Never  do  any  grouting  during  cold  or  frosty  weather.  Good  results  can 
ildom  be  obtained  after  Nov.  15  in  New  England. 

10.  If  the  grouting  is  done  during  very  hot  weather,  precautions  should  be 
iken  to  keep  grout  moist.  This  can  be  done  if  the  weather  is  extremely  hot 
y  covering  it  immediately  with  H  in.  of  sand  and  frequently  sprinkling  with 
wter.. 

11.  Do  not  allow  any  traffic  upon  pavement  for  at  least  seven  days  alter 
pouting. 

12.  For  best  results  use  a  medium  soft  granite,  similar  to  New  Hampshire 

granite. 

13.  If  old  blocks  are  used,  see  that  they  are  thoroughly  cleaned  before 
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groal  !•  poumd;  this  mixture  being  one  part  cement  and  two  parts  sand  to  give 
best  zenihs  with  <dd  blocks. 

0«to  nportod  by  Stephen  Kearney.  City  Engineer. 

IFMvMtar,  lfM«.— Orouted  pavement  in  this  city  lequins  per  square  yard 
about  0.86  eu.  ft.  of  cement  and  0.36  cu.  ft.  of  sandmimd  with  enoui^  wato* 
lo  run  freely.  The  mixture  is  spread  with  pails  or  spout  and  is  bnxmied  into 
place,  the  brooming  being  continued  until  the  Joints  are  flUed  and  the  surphis 
la  larvely  reniov«d  from  the  tope  of  the  blocks;  trap  rock  screenings  are  finally 
tfnplaared  to  prevent  tendency  of  the  grout  to  run.  Grouting  costs  about  M 
eta.  per  square  yard  of  pavement,  including  materials  and  labor.  Data 
reported  by  F.  A.  MoClure.  City  Foigineer. 

Albanvt  N.  Y, — ^The  following  infcmnation  is  reported  for  grouting  dressed 
granite  block  of  the  following  size,  length  6  to  10  Ins.,  width  8H  to  4H  ins., 
depth  AH  to  AK  ins.,  end  and  side  Joints  not  exceeding  Hi  n.  in  width  The 
srout  or  flOar  is  one  part  of  fine,  dean,  sharp  sand  and  one  part  cement,  no  pea 
fltooe  being  used  in  the  joints.  Preparatory  to  grouting,  the  entire  gang  is 
fliat  put  to  fining  bags  with  sand,  and  placing  same  alternately  with  bags  of 
cement  along  the  curb  adjacent  to  the  space  to  be  grouted.  This  is  usually 
done  half  to  thiee-quarters  of  an  hour  before  starting  the  machine.  This 
gives  a  good  start.  Three  men  are  left  filling  bags  and  distributing  same,  and 
one  on  cement.  The  gang  on  the  machine,  which  is  a  Marsh-Capran  grouting 
mixer,  consists  of: 

2  men  earrying  cement  and  sand  to  machine. 
1  man  eanying  water. 

1  man  emptying  material  into  machine. 
1  man  ahead  oispout  brooming  in  grout. 
1  man  operatinc. 

3  men  on  sand  bags. 
1  njm  on  cement. 

10  Uborere — total  for  operation. 

A  gang  of  this  size  will  grout  at  least  1,100  sq.  yds.  per  day,  at  the  following 

cost: 

10  laborers  8  hrs.  each — 80  bra.  at  20  cts.  per  hr $  16.00 

1  foreman 4 .  00 

107  bbls.  cement  at  $1.10  per  bbl 117.70 

16  eu.  yds.  sand  at  $1  per  eu.  yd 16.00 

$153.70 

Induding  material  and  labor,  this  la  a  cost  per  square  yard  of  18.9  cts.  or 
14  cts.  The  cost  of  labor  per  square  yard  with  machine  for  a  total  of  over 
2,000  sq.  yds.  has  been  on  an  average  of  $0,016  compared  to  $0.0625  by  hand 
or  a  saving  of  over  9H  cts.  per  square  yai:d.  For  full  4-in.  joints  without 
pea  stone  it  requires  0.4  bag  cement  and  same  amount  sand  (1  to  1  mix)  per 
square  yard  of  pawement.  Data  reported  by  Frank  H.  Lanagan,  C^ 
Engineer. 

Cost  of  a  Wood-Block  Pavement,  Cambridge,  Mass. — L.  M.  Hastings 
gives  the  following  matter  in  Engineering  News,  May  21,  1914.  The  work 
consisted  in  repairing  with  wood  block  having  oement  grouted  joints  a  portion 
of  Massachusetts  Ave.,  and  was  done  in  1912  and  1913. 

Ba90, — The  base  wss  formed  of  6  in.  of  cement  concrete  mixed  by  machine 
in  1:2H:5  proportions.    Bank  sand  and  powernicreened  gravel  stone  were 
used  for  aggrtigMteB,  the  gravel  being  of  excellent  quaJ^Vf  %Xi<^  mmB^CbaX 
cbeaper  Uuu>  broken  ttoae. 
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Bloek$.'^The  blocks  were  of  southern  long-leaf  yellow  pine,  having  SO  per 
cent  heart  wood  of  satisfactory  texture  and  containing  not  less  than  five  annual 
rings  per  inch.  The  wood  was  impregnated  with  20  lb.  of  preservative  oil  per 
cu.  ft.  of  wood,  by  any  satisfactory  process  which  would  give  the  required 
results.  The  oil  had  a  specific  gravity  of  not  less  than  1.12  at  38"  C.  and  con- 
tained not  more  than  5  per  cent  of  soluble  matter  and  was  free  from  peUtdeum 
or  asphaltic  residues. 

During  the  hot  weather  of  the  first  year,  "bleeding"  of  the  heavy  oil  from 
the  blocks  occurred.  A  heavy  coat  of  sand  was  spread  over  the  pavement 
where  needed,  ii^ch  absorbed  the  tar  and  made  a  tough  sheet  or  scat,  some  of 
which  still  adheres  to  the  wood  blocks  as  a  kind  of  wearing  surface. 

Laying  Blocks. — The  blocks  were  laid  on  a  1-in.  bed  of  equal  parts  of 
cement  and  sand  mixed  dry.  "struck"  by  a  movable  board  to  a  true  surface. 
After  laying,  the  blocks  were  given  a  final  inspection  and  any  imperfect 
ones  were  thrown  out.  The  blocks  were  finally  thoroughly  rammed  by  hand 
rammers.  Expansion  joints  were  placed  at  each  curb,  and  transverse  expan- 
sion joints  were  put  in  every  30  ft.  These  joints  were  H  in.  to  ^  in.  wide  and 
were  nm  nearly  full  of  an  asphaltic  compound,  which  was  faliiy  soft  and 
eiastic,  yet  did  not  run  in  hot  weather,  making  a  very  satisfactory  filler  indeed. 
At  the  first  rain  after  the  blocks  were  laid,  many  of  these  joints  closed  up  en- 
tirely and  in  some  a  slight  raising  of  the  paving  occurred.  With  continued 
trafiBc,  however,  most  of  the  joints  were  forced  back  into  i>lace. 

The  joints  between  blocks  were  thoroughly  filled  with  a  1 :1  cement  and  sand 
mixture  applied  dry  in  two  layers;  afterward  the  pavement  was  wet  with  a  hose 
and  thoroughly  fiushed,  and  the  grout  broomed  into  the  joints,  the  water 
causing  the  cement  in  the  joints  and  bed  to  fill  all  interstices. 

One  portion  of  Massachusetts  Ave.  was  unusually  wide  and  carried  a  rather 
heavy  trafiOc;  upon  this  portion.  4-in.  blocks  were  used,  the  rest  of  the  blocks 
were  3H  in.  in  depth. 

Pavement  Crowns. — The  street  has  a  longitudinal  grade  of  about  0.60  per 
cent.  It  was  found  that  a  crown  of  1 H  in.  per  ft.  gave  excellent  drainage  and 
made  the  most  effective  looking  street.  This  crown  was  adopted  as  ^andard 
where  possible.  The  crown  as  actually  used  varies  from  H  in.  to  nearly  H  in. 
per  ft.  This  last  seems  and  looks  excessive  but  as  a  matter  of  fact  it  has  not 
been  found  to  make  the  pavement  dangerously  ^ppery. 

With  regard  to  that  bugbear  of  wood-block  pavement — ita  elipperine— — 
experience  here  indicates  that  trouble  from  the  cause  is  usually  exaggerated. 
When  conditions  make  the  pavement  sUppery.  the  remedy  is  simple,  viz., 
sprinkling  with  sand.  This  is  not  often  required.  During  the  two  wint^s  of 
1013  and  1014,  sanding  was  required  only  8  or  10  times  each  season. 

Cost  Data. — The  entire  work  of  excavating,  grading,  lajring  the  base,  laying 
blocks,  ramming,  grouting,  etc.,  was  done  by  city  day  labor  without  much  pre- 
vious experience,  working  44  hr.  per  week  at  t2.25  per  day,  or  at  about  Slots, 
per  hr.  for  common  labor.  The  4-in.  blocks  cost  by  contract  $2.50  per  sq.  yd. 
and  the  3H-in.  blocks  cost  $2.20  per  sq.  yd.,  delivered  on  the  woric.  In  all 
16,  276  sq.  yd.  of  4-in.  block  pav^nent  was  laid  at  a  total  oost  of  $4.11  per 
sq.  yd.,  and  12,051  sq.  yd.  of  8H-in.  block  pavement  was  laid  at  a  cost  of  $3.81 
per  sq.  yd. 

Cast  of  Wood  Block  Pavement  in  Wenatchee,  Wash. — ^F.  J.  Sharkey  gives 
the  following  data  in  Engineering  and  Contractbig,  Oct.  20,  1015. 

During  the  summer  and  fall  of  1013  Wenatdiee  Ave.,  the  main  business 
street  of  Wenatchee,  Wash.,  was  paved  with  creosoted  wood  block.    The 
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impiroveoient  is  approximately  H  of  a  mile  in  length,  the  aouth  H  mile  heing 
62  ft.  between  curbs  and  90  ft.  between  property  lines,  the  balance  being  63  ft. 
between  curbs  and  70  ft.  between  property  lines,  making  a  total  of  approxi- 
mately 27,500  sq.  yds.  of  pavement,  including  intersections. 

Concrete  Baee  and  Sand  Cuehion. — The  pavement  consists  of  a  5-m.  concrete 
base,  a  1-in.  sand  cushion  and  4-in.  creosoted  wood  blocks.  The  concrete  in 
the  base  is  mixed  1:3:6,  the  spedflcations  for  cement,  sand  and  gravel  or 
broken  stone  being  the  usual  standard  spedflcations  for  such  materials.  The 
spedflcations  for  gravel  or  broken  stone  called  for  material  ranging  uniformly 
in  sixe  from  that  which  passed  a  24n.  ring  to  that  which  was  held  on  a  H-in. 
rtng. 

Wood  Bloeke. — Immediately  after  the  preparation  of  the  cushkm  the  wood 
blodcs  were  laid,  culled  and  rolled  with  a  five-too  roller. 

Due  to  the  fact  that  the  blocks  were  allowed  to  stand  for  some  time  in  piles 
at  the  side  of  the  street,  in  the  hottest  part  of  the  summer,  before  being  laid,  a 
large  number  of  the  blocks  curled  slightly,  even  though  kept  damp  in  the  piles 
at  all  times.  These  blocks  split  in  two  when  rolled,  but  a  number  of  the  split 
blocks  were  used  as  bats  at  the  beginning  df  courses.  The  expense  of  culling, 
however,  was  materially  increased  over  what  it  would  have  been  had  the  blocks 
been  laid  and  filled  Immediately  upon  arriving  on  the  street. 

Five  longitudinal  rows  of  blocks  were  laid  next  to  the  curb  on  each  side  of  the 
roadway  for  gutter  courses,  and  the  remainder  were  laid  perpendicular  with 
the  curb.  Three  >i-in.  expansion  Joints  were  placed  on  each  side  of  the  road- 
way. These  expansion  joints  were  cast  the  required  thickness,  from  the 
filler  asphalt,  by  laying  a  wood  strip  of  the  required  width  and  thickness  in  a 
bed  of  damp  sand,  removing  the  strip  and  filling  the  resulting  trench  with 
asphalt.  The  expanflion  strips  thus  made  were  3H  ins.  wide  by  H  in.  thick 
and  were  laid  on  the  cushion  between  the  longitudinal  or  gutter  courses  of 
blocks.  No  transverse  expansion  Joints  were  provided  for.  The  remaining 
H-in*  between  the  top  of  the  expansion  strip  and  the  surface  of  the  blocks 
was  filled  with  hot  asphalt,  to  seal  the  surface. 

An  asphalt  filler  with  a  high  melting  point  was  used.  It  was  heated  In  a 
portable  kettle  of  400  gals,  capadty  and  was  poured  over  the  blocks  with  hand 
pouring  pots.  As  soon  as  the  asphalt  cooled  and  congealed  it  was  deaned 
off  the  blocks  with  hot  shovels,  collected  in  small  piles  and  again  placed  \n  the 
heating  kettle.  Immediately  following  the  filling  the  pavement  was  covered 
with  a  H'in.  layer  of  sand. 

The  costs  of  laying  wood  block  pavement  are  given  in  Table  XXVIII. 

Maintenance. — Due  to  the  fact  that  the  work  of  filling  was  not  completed 
until  after  extremely  cold  weather  set  in.  the  asphalt  did  not  fill  the  joints 
as  thoroughly  as  was  desirable.     In  the  spring  of  1914  the  pavement  was 
deaned,  the  sand  cover  and  excess  asphalt  filler  that  had  been  forced  out  by 
the  expansion  of  the  blocks  being  removed.    This  was  later  found  to  be  a 
mistake,  as  it  developed  that  the  blocks  were  in  a  more  serious  conditicm,  from 
being  Improperly  filled,  than  had  been  judged.    A  large  percentage  of  the 
joints  had  received  very  little  asphalt,  and  as  a  consequence  the  blocks 
became  loose  in  the  pavement.    To  remedy  this  condition,  which  was  rendered 
more  serious  from  the  fact  that  a  loose  sand  cushion  had  been  used,  a  1-inch 
covering  of  fine  sand  was  spread  over  the  surface  and  allowed  tA  I«ln»^3i  ^aaD^2\ 
worn  off  bjr  tnfBc.     TbJs  aeema  to  have  solved  the  pro^Xenm  aa  l«x  %a  t!fi&^Tt^^S&fc 
jointamad  Ughtening  the  blocks  are  concerned,  but  It  Ykaa  ca\iMA.«oTnft^>'^^'^=^^=^ 
Ja  msk/ngr  the  pavement  heave,  due  to  lack  of  proper  pro'^rtaVoti  lot  «nL\«oa^fi»" 
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In  the  spring  of  1016  several  heaved  places  were  noted.  All  the  trouble 
experienced,  however,  seemed  to  be  caused  by  transverse  ^pansion,  and 
occurred  within  8  ft.  of  the  curbs  on  each  side  of  the  street,  affecting  ai^roxi- 
mately  300  sq.  yds.  of  pavement  in  aU.  This  heaving  was  taken  care  of  in 
two  ways:  Where  the  blocks  were  heaved  badly,  they  were  taken  up  and 
relaid,  a  good  grade  of  pitch  filler  being  used  in  refilling  the  joints;  while 
where  the  heaving  was  only  slight  the  joints  were  blown  out  with  dry  steam 
from  the  road  roller,  at  a  boiler  pressure  of  200  lbs.,  and  the  blocks  were 
rolled  down  to  pisuoe  and  the  joints  refilled  with  paving  pitch. 

The  latter  method  was  in  the  nature  of  an  expMiment,  but  has  accomplished 
the  purpose  satisfactorily  and  at  a  trifling  cost.  To  supplement  this  work  and 
provide  aga&ist  future  heaving  at  the  same  locaAiims  a  ^-in.  expansion  joint 
has  been  dug  out  with  a  chisd  in  the  gutter  courses  of  blocks  along  each  place, 
where  heaving  occuned,  this  joint  being  filled  with  paving  i^tch.  Also  eight 
courses  of  blodcs  have  be^i  taken  up  dear  across  the  stroet  each  400  ft.  in 
length  of  street,  and  the  blocks  have  been  out  off  for  a  1-in.  expansion  joint, 
relaid  with  equal  spaces  between  the  blodcs  and  refilled  with  paving  pitch. 
Th!&  blocks  have  also  been  kept  damp  all  summer  by  flushing  the  street  at 
night  and  sprinkling  in  the  daytime  when  necessary.  This  has  kept  the 
blocks  from  drying  out  and  shriiddng  and  has  also  kept  further  sand  and  dirt 
from  the  joints.  From  the  present  excellent  condition  of  the  surface  of  the 
street,  no  further  heaving  is  anticipated. 

Table   XXVIII. — Distribution  of  Costs  of  Wenatchbb   Avenue  Wood 

Block  Pavement 


-^—Materials- 


Division 
Base 


Kind  and  unit       Unit  cost 

Gravel,  cu.  yd $  1 .  30 

Sand,  cu.  yd. 


Cushion . 
Top 


Cement,  bbl 

Water 

Mixer  (Int.  &  Depr.) 

. .  Sand,  cu.  yd 

f  'Blocks,  sq.  yd 

\  Asphalt  filler,  ton. . . 


1.00 
2.10 


1.00 
1.794 
37.75 


Units  per 
sq.  yds. 
.0973 
.0486 
.125 


.0278 
1.0 
.0031 


Total  per  sq.  yd. 


Sq.    yds. 

per  hour 
Division  Subdivision  foreman 

«^,  /Mixing 120.5 

®"« \  Placing 253 

Cushion. 


Top. 


[  Lajring . 
J  Helping. 


1  Helping 
Rolling. 
FiUing. 


—Labor — 

Sq.  yds., 

per  hour 

labor 

8.0 

19.9 

21.8 

87.2 

88.0 

78.7 

5.9 


Cost   per 
sq.  yd. 

$0.1263 
.0486 
.2625 
.01 
.0152 
.0278 
1.794 
.1153 

$2.8997 


Labor  cost 
per  sq.  yd. 
$0.0523 
.0205 
.0141 
.016 
.0435 
.01d9t 
.0599 


Total  per  sq.  yd $0. 2222 

Labor,  $2.50  per  8-hr.  day;  block  laver,  $10.00  per  8-hr.  day.     Block  layer 
.ms  foreman  of  cushion,  laying,  and  fillittg  gangs.     *Wood  blocks,  $1.75  per 
jq.  yd.,  f.o.b.  Wenatohee,  X  $1.10  per  M  for  unloading  and  hauling  (42>i 
Mocks  per  sq.  yd.),     flncluding  roller  rent,  $3.50  per  day. 

f 

Operating  Costs  of  Traf  tor.  Trucks  and  Sand  Screen  and  Loader  in  Road 
Maintenance. — EngineNing  Biad  Contracting,  Jan.  1,  1919  publishes  the  fol- 
lo^tdng  infonnation  given  in  Sr  bulletin  ot  the  Colorado  Highway  Department 
by  James  E.  Maloney,  Chief  Engineer. 
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la  mrtfilTrln'iTg  oountr  rowli  in  the  vldnity  of  Denrer  the  Ootonde  Hlgb- 
nqr  Depertment  is  employing  a  tractor,  trucks,  and  a  sand  elevator,  scresn 
lod  loader.  The  complete  outfit  consists  of  the  following:  One  C.  L.  Best 
mteipUlar  gas  tractor  of  40-h.p.  drawbar  oapadty,  weight  28,000  lb.,  costing 
10,000;  one  grader  with  scarifier  and  blade  attachment,  costing  tSOO,  and  two 
igbt  drags;  2  White  5-too  trucks  and  a  KeUy-Springfidd  5-ton  truck,  costing 
MMNW  each;  and  a  Qallion  sand  elevator,  screen  and  loader,  costing  $1,600. 

The  tractor,  grader  and  one  drag  are  generally  used  together  and  can  be 
jperated  by  two  men.  If  the  work  Is  simply  dragging,  or  smoothing  with  the 
frader,  a  distance  of  20  miles  might  be  covered;  that  is,  if  one  round  trip  is 
made  they  woold  cover  10  miles  of  road;  if  two  round  trips  were  necessary, 
then  6  miles  of  road  would  be  covered.  The  tatter  figure  might  be  taken  as  an 
average  in  all  kinds  of  materials  for  the  dragging. 

In  many  places  it  is  necessary  to  scarify  ttie  surface  in  order  to  reshape  It 
and  remove  the  chuckholes  and  waves.  On  work  of  this  latter  class  the  tractor 
and  grader  are  used  very  successfully,  except  on  macadam  or  very  solid 
gravel  roads,  where  it  is  found  that  the  scarifier  is  too  light  and  it  is  necessary. 
to  use  the  heavy-toothed  scarifier.  On  scarifying  and  reshaping  it  has  been 
found  that  about  H  niile  per  day  would  be  an  average  day's  work. 

The  sum  of  S50  per  day  has  been  taken  as  the  cost  of  the  operation  of  this 
particular  outfit.    This  figure  Is  obtained  as  follows: 
Caterpillar  tractor,  expense  per  day: 

Gas  and  oil $17.00 

Maintenance 9.50 

Operator 5.00 

Depreciation  (baaed  on  assumption  of  life  of  4  years  for  ensine 
and  180  working  days  in  each  year) 8 .  50 

$40.00 

Grader  and  scarifier,  expense  per  day: 

Maintenance $  3.00 

Labor 4.50 

Depreciation  (based  on  180  working  days  per  year) 2. 50 

$10.00 

Total $50.00 

Some  unsatisfactory  features  should  be  noted :  The  tractor  is  very  heavy  and 
an  unsafe  load  on  many  of  the  old  bridges.  It  is  unwieldy,  requiring  a  cross- 
road intersection  or  a  full  width  road  for  turning.  The  lighter  size  tractor 
of  25  h.p.  at  the  drawbar  is  free  from  these  objections,  and  will  do  most  of  the 
work  that  can  be  done  with  the  larger  size. 

The  two  trucks  and  screening  and  loading  plant  have  been  used  in  resurfac- 
ing some  pieces  of  road  with  sand  and  gravel,  and  the  trucks  have  used  the 
drags  occasionally.  The  use  of  the  trucks  on  anything  but  the  lighter  forms 
of  drags  has  not  been  entirely  satisfactory,  so  the  Department  employed  them 
largely  on  hauling  and  spreading  materials  for  repairs  of  surfacing.  The 
trucks  are  both  of  the  dumping  and  spreading  type  and  are  working 
satisfactorily. 

In  chuging  up  the  work  to  the  various  roads  the  following  han  been  adopted : 

Expense  for  the  year: 

Operator,  10  months,  at  $100 $1 ,000 

Maintenance,  oil  and  gas 2 .  OCX) 

Depreciation,  25  per  cent  of  the  cost 1 . 5(X) 

Overliead  and  incidental WJft 

Total %5»  AQKi 
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For  180  wcNTking  days  this  equals  $30  per  day.  Tliis  charge  for  the  saad 
elevator  and  loader  is  based  on  the  fcdlowing: 

Operator.  180  days,  at  $3.50 $    630 

Qas  and  oil.  180  days,  at  $1.50. ^ 270 

Repairs  and  maintenance 450 

Depreciation,  20  per  cent  of  cost 300 

Overhead,  labor,  teams  and  incidentals 2,850 

Total. .  .* $4,600 

For  180  working  days  th^s  equals  $25  iter  day,  and  this  rate  is  charged  to  the 
road  upon  which  the  work  is  being  done. 

Cost  of  Removing  Asphalt  Pavement  with  Hammer  Drills. — Hand  air- 
hammer  drills  were  used  by  P.  J.  Moran,  a  contractor  of  Salt  Lake  City,  Utah, 
for  removing  a  strip  of  asphalt  and  concrete  pavement  alongside  the  tracks  of  a 
street  railway  so  that  the  rails  might  be  shinuned  and  new  pavement  laid.  A 
description  of  the  job  is  given  in  Mine  and  Quarry.  Dec.,  1916  from  which  the 
following  notes  are  taken. 

In  order  to  reduce  time  and  labor  in  this  work,  Mr.  Moran  purchased  two 
Sullivan  DC-19,  40-lb.  hammer  drills,  operated  by  a  small  steam-driven  air 
compressor. 

A  line  was  laid  out  a  foot  from  the  outside  of  the  rails  and  the  drills  were 
equipped  with  a  special  channeling  bit  to  cut  off  the  asphalt.  When  a 
sufficient  distance  had  been  channeled  a  gadding  bit  was  used  and  the  sur- 
facing material  was  removed,  exposing  the  concrete.  The  gadding  bit  was 
again  used  in  breaking  up  the  concrete.  This  was  done  by  holding  the  drill  in 
a  nearly  vertical  position  for  wedging  off  pieces  of  the  concrete.  In  this  man- 
ner pieces  from  4  to  8  in.  square  were  broken  off. 

One  man  with  the  Sullivan  drill  was  able  to  take  up  the  asphalt  and  concrete 
at  an  average  rate  of  6  lin.  ft.  in  15  minutes;  while  the  three  men,  "  double- 
Jacking,"  by  the  old  method  of  hand  work,  required  an  average  of  40  minutes 
to  remove  a  like  amount;  that  is,  hand  work  required  two  hours  to  accomplish 
the  same  results  secured  in  15  minutes  with  the  machines. 

The  following  comparison,  based  on  the  job  described  above,  may  be 

Interesting: 

Machinx  Work  Costs 
(Based  on  costs  and  prices  in  June,  1914) 

Cost  of  Plant 

1  Sullivan  WK-3  portable  compressor  outfit  (20  h.p.) $1 ,780.00 

2  DC-19  hammer  .drills 170. 00 

Hose,  steel,  etc. 50.00 

Total $2,000.00 

Intwest  on  plant  at  6  per  cent $     120.00 

Depreciation,  15  per  cent 300.00 

Total $    420.00 

Operating,  175  days  per  year,  per  day $        2.40 

Engineer,  per  day 3. 50 

2  drill  operators  at  $2.50 5.00 

Gasoline.  20  gal.  at  23  cts 4. 60 

Oil,  waste,  etc .50 

Total $       16.00 

Progress  per  dav,  8  hours 384  ft. 

Cost  per  foot  of  work $        0.0416 

Hakd    Wosk    Costs 

6  laborers  at  $2.25 $      13. 50 

Progress  per  day,  8  hours 144  ft. 

Cost  per  foot  of  work $        0.0937 

Saving  on  machine  over  hand  work,  per  foot .0521 
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Cost  of  Cottiiic  Ptvemonts  with  Pnemiuitic  Machine. — ^Tbe  following  it 
taken  from  Engineering  and  Contracting,  July  24,  1012. 

Trials  were  made  at  Los  Angeles  this  spring  by  the  Los  Angeles  Ry.  Co.  in 
cutting  street  pavements  with  a  pneumatic  madhine.  The  company  used  a 
truck  equipped  by  the  Rix  Compressed  Air  &  Drill  Co.  with  a  gasoline  engine 
and  compressors  and  by  the  Hardsocg  Wonder  Drill  Co.,  Ottumwa,  la.,  with  a 
pneumatic  machine.  The  experiment  was  described  by  A.  S.  E.  Beall  in  West- 
em  Engineering.  After  a  number  of  trials  with  different  cutting  devices  on 
the  asphalt  and  concrete  a  chisel  tool,  4  ins.  wide,  and  gads  of  IK-in.  steel, 
18  ins.  long,  with  shanks  on  each  to  fit  the  machines  were  used.  In  removing 
grouting  or  pavement  laid  under  older  spedflcations,  the  minimum  figures  of 
actual  cost,  with  hand  labor,  per  lineal  foot  of  trench  was  17  cts.  In  removing 
pavement  laid  under  the  latest  spedflcations  and  consisting  of  5  ins.  hydraulic 
concrete  base,  1  in.  asphalt  binder  and  2  ins.  asphalt  wearing  surface,  the 
actual  cost  per  lineal  foot  of  trendi  by  hand  labor  was  20  cts.  These  figures 
are  based  on  a  trench  18  ins.  wide.  In  the  experiments  of  the  Los  Angeles  Ry. 
Co.  the  asphalt  pavement  cut  had  been  laid  under  the  latest  specifications. 
The  results  of  the  experiment  were  as  follows: 

One  Hardsocg  machine,  with  two  men  at  15  cts.  each  per  hour,  cut  46  lin.  ft. 
of  trench  in  asphalt  per'hour,  the  cost  per  lin.  ft.  being  .6  ct. ;  one  Hardsocg 
machine,  with  three  men  at  15  cts.  each  per  hour,  cut  45  ft.  of  trench  in  the 
concrete  per  hour,  at  a  cost  of  1  ct.  per  lin.  ft.  The  cost  of  the  plant  to  operate 
the  three  Hardsocg  machines  was  $1,600,  and  the  three  machines  cost  $225, 
making  a  total  of  f  1 ,825.  Interest  on  this  investment  at  6  per  cent,  and  allow- 
ing depreciation  at  10  per  cent,  makes  $292  per  year.  On  the  basis  of  300 
working  days  in  the  yctor  interest  and  depreciation  would  amount  to  07  cts. 
per  day  or  12  cts.  per  hour  for  an  8-hour  day.    The  operating  expenses  of  the 

plant  were: 

Per  hour 

Engineer,  per  hour $0. 30 

FomI  and  lubrication .35 

Total $0.65 

Adding  the  12  cts.  per  hour  for  interest  and  depreciation  brings  the  cost  to 

77  cts.  per  hour.    The  average  execution  per  hour  for  one  machine  was  45  H 

ft.,  and  the  cost  of  operating  the  plant  (77  cts  )  divided  by  three  (the  number 

of  machines  working)  gives  a  cost  of  .56  ct.  per  lin.  ft.  of  trench  for  plant 

operation.    Sunmiarizing  we  have: 

Per  lin.  ft. 

Cutting  asphalt,  2  men  at  15  cts $0. 0060 

Cutting  cement,  3  men  at  15  cts .  0100 

Engineer .0022 

Fuel  and  lubrication .  0024 

Interest  and  depreciation .0010 

ToUl $0.0216 

In  the  experiments  it  was  noticeable  that  several  improvements  could  be  made 
to  benefit  the  operating  materially.  For  instance,  the  men  used  for  this  work 
were  Mexicans  from  the  track  gang.  They  were  pick  and  shovel  men  only; 
better  labor  would  give  better  results.  A  slight  rearrangement  could  be  made 
that  would  fadlltate  the  work  by  utilizing  the  weight  of  the  men,  which  would 
make  the  work  very  light  and  assist  the  machine  materially.  When  the  work, 
was  being  finished,  a  run  was  made  with  the  asphalt  cuttei^  Vn  ooncx^X^^  Vc&Xam^ 
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of  using  the  gads,  and  it  was  found  that  they  worked  much  faster  and  better. 
No  doubt  a  number  of  such  improvements  could  be  made  that  would  expedite 
the  work  and  so  lower  the  cost. 

Pneumatic  Hammers  for  Tearing  Up  Street  Payements. — Frank  Richards 
in  Engineering  News,  Aug.  10,  1911,  states  that  four  men  each  operating  a 
pneumatic  hammer  accomplished  as  much  work  as  16  to  20  men  working 
entirely  by  hand.  The  work  in  question  consisted  of  cutting  out  solid  hard 
concrete  along  the  tracks  of  The  City  Tram  Co.  of  Zurich.  Switzerland. 

In  cutting  an  asphalt  pavement  in  Brooklyn,  N.  Y.  for  opening  a  trench  for 
lajring  gas  mains  the  following  results  were  obtained. 

From  observation  of  about  3,000  linear  feet  of  cut  (1,500  ft.  of  trench),  with 
two  men  and  sometimes  three  using  the  hammers,  the  average  asphalt  cut  was 
20  ft.  per  man  per  hour. 

On  June  1,  1911,  on  a  46-minute  hand  test  (hand-held  chisel  and  sledge)  we 
cut  at  the  rate  of  12  ft.  per  man  per  hour,  but  the  men  were  exhausted  and  had 

to  stop. 

The  material  under  the  asphalt  was  macadam,  dose  and  hard,  and  for 
breaking  up  this  also  the  "coal  picks"  did  good  service.  The  chisels  were 
exchanged  for  pointed  picks  for  this  work. 

Reference  to  "Handbook  of  Cost  Data." — On  pages  442  to  445,  of  Gillette's 
"Handbook  of  Cost  Data,"  quantities  of  materials  required  for  constructing 
sidewalks  are  given,  and  on  pages  446  to  457  further  cost  data  on  walks  and 

curbs  may  be  found. 

Maintenance  Cost  of  Plank  and  Tar  Concrete  Sidewalks. — ^According  to 
Engineering  and  Contracting,  Oct.  11,  1916,  an  investigation  by  the  City 
Engineer  of  Newton,  Mass.,  shows  that  an  average  of  3  per  cent  of  the  total 
area  of  coal  tar  concrete  sidewalks  in  that  city  have  been  repaired  each  year 
during  the  past  7  years  and  that  the  average  cost  of  maintenance  of  these 
sidewalks  is  about  2  ct.  per  square  yard  per  year.  The  cost  of  maintenance 
of  the  plank  sidewalks  has  been  about  14  ct.  per  square  yard  per  year. 

Cost  of  Resurfacing  Macadam  Walks  with  Asphalt,  Lincoln  Park,  Chicago, 
is  given  by  M.  D.  Blumberg,  Engineering  and  Contracting,  June  9,  1915,  as 

follows: 

In  Lincohi  Park  proper  there  are  about  50,000  sq.  yds.  of  walks  built  prin- 
cipally of  cinders,  limestone  macadam,  and  gravel  macadam.  In  1913  the 
attention  of  the  commissioners  was  drawn  to  the  difficulty  of  keeping  these 
walks  in  condition  for  foot  travel.  In  wet  weather  pools  of  water  would  stand 
in  the  walks,  in  dry  weather  the  protruding  large  stones  caused  a  great  deal  of 
discomfort  to  the  pedestrians,  thereby  causing  many  of  them  to  walk  on  the 
grass,  while  in  winter  the  removal  of  snow  was  unnecessarily  difficult.  In 
deciding  upon  what  methods  to  use  to  eliminate  the  above  difficulties  the 
following  considerations. were  bom  in  mind:  (1)  Low  first  cost  and  low  main- 
tenance; (2)  The  walks  should  be  in  harmony  with  the  park  surroundings; 
(3)  The' utilization  of  the  foundations  of  the  walks- as  they  stood;  (4)  The 
walks  should  be  of  such  a  nature  as  to  induce  people  to  use  them  rather  than 

the  grass. 

With  these  considerations  in  view  the  choice  was  narrowed  down  to  building 
Portland  cement  concrete  walks  or  resurfacing  with  an  asphaltlc  mixture.  It 
was  finally  decided  to  build  some  experimental  sections  with  an  asphaltlc  top. 
These  experiments  proved  so  successful  in  1913  that  in  1914  enough  money  was 
appropriated  to  cover  nearly  40,000  sq.  yds.  of  walks  with  an  asphaltlc  wearing 
surface. 
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nw  pint  UMd  for  this  Job  ootulated  at  oms  porUtile  uplult  plint  of  I.SOO 
<U.  ydi.  Mpadty  (Inch  thick)  m&nufutured  by  the  Unk  Belt  Co.  and  &  dom- 
MnMloa  ToUer  irtdch  tumlshed  the  power  for  tbe  plant.  The  material  mi 
wtwded  tn  buTom  up  sa  elented  plBtform  trom  wMcb  it  mi  damped  Into  tba 
taoivar.  The  pUnt  wu  oentrelly  located  and  the  binder  ud  top  w«re  hauled 
to  tbe  ]ob  In  tin>-7>rd  dump  wagona.  The  mcons  were  coTerad  frith  eaoTU 
The  avencB  haul  km  ane-baU  mUe.  fluf- 
la  keep  uf>  with  the  output  of  the  plant.  Theu'Moot 
tnimber  used  per  day  wai  Ore  teama. 

About  one-UUrd  the  area,  or  13,33B  >q.  yda.  of  walk,  were  auffldentl;  oom> 
pact  and  rough  to  pave  with  ■  wearing  surface  only.  The  balance,  or  3tJU7 
aq.  yds.,  itiqulied  a  binder  and  top,  Tbe  binder  iwed  waa  oompoaed  of  H-ln- 
to  H'Ul  (tone  and  asphalt.  A  number  of  tcata  showed  that  the  percentage  of 
aa^ialt  used  by  wel^t  was  as  follows:  Minimum  3.SJS  per  cent,  maifanuni 
S.tJt  per  oent,  aTerage  4.2a  per  cent.  The  binder  was  laid  so  that  H  was 
fi  In.  tWdi  after  being  rolled  with  a  G-too  roller.  Tbe  wearing  surface  ndx 
coDsiated  of  asphalt,  limestone  screenings,  stons  dust  and  bank  sand  In  tlw 
following  ptoporttons: 

Pnent. 

Asphalt to, 

Passitw  200-in<sh. . 
PanocSO-mcah... 
nunoa^O-mnb... 
Paninc  10-mcsh. . . . 
On  lO-miib 

Hw  weariog  surface  was  laid  H  In.  thick  after  being  rolled  with  a  6-tai 
roller.  Immediately  after  rolUng  Portland  cement  was  brushed  over  tbe 
nirface  and  then  rolled  with  the  fr-ton  roller.  Tbe  cement  Illla  tbe  minute 
TOida  in  the  surface  and  also  improves  the  appearance  of  the  walks. 

It  will  be  noticed  from  the  cost  report,  Table  XXIX.  that  theie  is  a  torpedo 
■and  charge.  At  the  beginning  of  the  work  it  was  found  that  the  mix  ooct- 
tained  too  iai^  a  percentage  of  coarse  material.  Limestone  dust  was  mb- 
■tltuted  in  place  of  tbe  torpedo  sand  BJid  tlie  mil  proved  very  succeeaful.  No 
toooa  of  any  kind  were  required  lor  tbe  work. 

From  the  cost  report  it  can  be  seen  that  asphalt  walks  can  be  laid  at  approil- 
mstely  Bo  per  cent  of  the  coat  of  copcrete  walks  where  both  binder  and  top  »l» 
uaed,  and  at  about  36  per  cent  of  tbe  coat  ol  concrete  where  a  wearing  surfSca 
only  Is  used. 

TAaL>  XXtX. — C9ST  or  Basi  and  Wbariho  ScapAca  roa  MfiST  Sq.  Yds.  or 

Wal,e.  LiKcoLs  Pabk.  Chicaoo 

Babb 

Per 

Idbor:  aq.  yd. 

Sbamiig  bed  of  w  " 

Mine- 


Total ».  1» 

Material; 

Asphalt W.OM 

StOD* 081 

Coal., -- <wa 

—      '■ BuppUfa .«».. 

»,■»! 
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Teams: 

Hauling  (surplus  matiBrial  after  shaping  walk) $0. 014 

Hauling  (binder) .019 

Total $0,033 

Overhead  charges: 

Plant $0,015 

Superintendence .004 

Total $0,019 

Total  cost  per  sq.  yd. : 

Labor $0,129 

Material 116 

Teams 033 

Overhead  charges .019 

>    Total $0,296 

Wbasino  Subfacb 

Per 
Lab<v:  sq.  yd. 

Mixing $0,054 

Spreamng 021 

Itolling .006 

Total* $0,081 

Material: 

Asphalt $0. 105 

Soroenings  Oimestone) 028 

Stone  dust 016 

Sand  (torpedo) 001 

Sand  (fine) 043 

Cement 001 

Miscellaneous 001 

Coal .013 

Total $0,208 

Teams: 
Haulinc...  * $0,018 

Overhead  charges: 

Plant $0,019 

Superintendence .004 

.     Total $0,023 

Total  cost  per  sq.  yd.: 

Labor $0,081 

Material 208 

Teams 018 

Overhead  charges .023 

Total $0,330 

*  In  13,329  sq.  yds.  not  included  in  the  above  there  was  an  additional  lalxH- 
charge  to€  "shaping  bed  of  walk"  0.022.  The  total  cost  of  this  section  was 
$0.35  per  sq.  yd. 

Cost  of  Cement  Tile  Sidewalk  at  St  Paul,  Minn. — The  foUowing  data  are 

taken  from  an  article  by  E.  G.  Briggs,  Engineering  and  Contracting,  Oct.  6, 

1920. 

The  constructing,  relaying  and  repairing  of  cement  sidewalks  in  the  city  of 

.  Paul  has  for  several  years  been  done  by  contract,  the  work  being  let  by  the 

ty  Council  to  the  lowest  responsible  bidder.    The  volume  of  work  executed 

rough  the  City  Department  increased  approximately  400  per  cent  during 

e  4-year  period  prior  to  the  world  war,  when  in  1917  the  total  cost  of  side- 

aXk  work  executed  by  the  contractor  amounted  to  approximately  $100,000. 

Approximately  98  per  cent  of  all  walks  constructed  are  of  the  pre-cast  tile 

aethod.    These  tile  are  constructed  under  careful  city  inspection  at  the  shop 

yf  the  successful  bidder,  generally  during  the  winter  months  and  made  in 

sizes,  2  ft.  square  or  4  sq.  ft.  and  IH  ft.  square  or  2.25  sq.  ft.,  thus  allowing 

three  squares  of  one  for  a  6-ft.  walk,  designated  as  a  standard  width  of  three 
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wfanm  of  tliB  otber  for  a  4JS-ft.  walk,  wbkiti  is  often  a|>piOT«d  for  mnoir 
iCmeta  or  whofo  waUn  are  lees  frequeotly  uied. 

Tlw  oomtnielton  cost,  of  cement  tile  eldewalkt,  indudee  the  cost  of  the  tila. 
Ibe  ooai  of  oioavating  8  in.  for  foundation,  tha  foundation  and  fhiinhing  of  the 
walk.  Tbe  f6undation  consists  of  4  in.  of  broken  stone,  brick,  gravel  or 
dBdan  thonmshly  rolled  and  brought  to  a  smooth  surface  with  runmed 
gTaval  or  dnders.  On  this  frost  vent  a  2-in.  layer  of  1: 5  mortar  is  laid  and 
upon  the  foundation  thus  prei>ared  the  tile  are  laid  to  a  true  surface  and 
fronted.  The  tiles  aie  2  in.  thick,  the  lower  three^ourths  is  composed  of  1 
part  Portland  cement  and  4  parts  of  dean,  sharp  sand,  thorough  mixed  and 
carefully  rammed  into  the  molds  to  a  uniform  depth.  The  upper  one-fourth 
la  composed  of  1  part  Portland  cement  and  2  parts  of  dean,  sharp  sand, 
placed  immediatdy  upon  the  lower  part  and  thoroughly  rammed  to  the 
proper  fhidoiess. 

In  the  manufteture  of  the  tHe  according  to  this  spedfication.  It  has  been 
found  that  1  bbL  of  cement  will  average  80  sq.  ft.  of  tile,  one  bsg  averaging 
SO  sq.  ft.  or  five  2  X  2  ft.  tile.  The  sand  required  for  the  2  X  2  ft.  tile  totals 
0.86  cu.  ft.  or  0.186  cu.  ft.  of  sand  per  sq.  ft.  of  tile.  The  sand  used  has  been 
screened,  not  washed,  and  by  analysis  the  voids  approximately  equal  the 
quantity  of  cement  spedfled. 

The  cost  of  materials  was  as  foUows: 

Material:  Cu.  ft.    Sq.  ft.  of  tilt 

Cement.  81.00  per  bbl 80.476        80.0287 

Band,  0.60  per  cu.  yd 0.0186        0.0080 

Total  cost  per  sq.  ft.  for  material 80.0267 

The  labor  cost,  induding  curing  and  overhead  follows: 

Tilemnld.       Cost 
Item  No.       sq.  ft.        per  day 

Foreman %.     1  8  6.00 

Tile  makers 4  1600  12.00 

Mixers 2  6.00 

Laborers 4  9.00 

Curing,  superintendence,  overhead,  depredation ....  9.00 

840.00 
Total  cost  per  square  foot  for  labor  curing  and  overhead,. .0.0360 

The  total  cost  of  tUe  per  square  foot  on  radcs  In  yard  is  therefore: 

Material 80.0267 

Labor,  including  curing  and  overhead .0260 

Total 80.0617 

For  the  actual  construction  of  sidewalk  the  following  calculation  is  ob- 
tained. The  tile  are  generally  delivered  on  the  street  with  a  6-ton  motor 
truck  averaging  four  truck  loads  per  day.  This  has  been  found  to  be  tbe 
most  economical  method  of  ddivery.  The  average  load  consists  of  320  sq. 
ft.,  weighing  approximately  7.000  lbs.  The  laborers  in  the  yard  at  the  factory 
with  the  sssistance  of  the  driver,  load  the  truck  and  the  driver  is  assisted  by 
the  sidewalk  crew  in  unloading  the  tile  at  their  destination.  It  will  be  noted 
that  an  average  of  1,280  sq.  ft.  of  tile  are  delivered  on  the  street  during  the 
S-hour  day.  The  cost  has  averaged  approximately  1  ct.  per  square  foot  of 
tile  for  this  delivery. 

The  construction  of  the  walk  as  calculated  on  the  average  of  oonstructlon 
Hhows  that  four  men  Bnd  one  foreman  average  100  ft.  ot  ^  U.  '9v«2i&s.'^i  %^m9kl 
day. 
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Oinden  for  the  base  have  been  obtained  free  at  the  gas  plants  and  other 
places  where  considerable  coal  is  consumed.  The  cinders  have  been  delivered 
at  the  site  of  the  construction  in  3-yd.  dump  wagons  and  an  average  of  four 
loads  per  day  have  been  received.  Sand  for  the  concrete  between  the  cinder 
base  and  the  tile  has  generally  been  obtained  near  the  place  of  construction. 
A  team  with  driver  is  required  part  time  with  esich  crew  to  plow  and  assist 
in  preparing  the  base,  remove  the  surplus  material,  haul  sand  and  move  for- 
ward water  tanks  and  form  material  incidental  to  the  construction.  For  the 
total  field  operations  to  complete  the  walk,  the  following  table  gives  an 
average  of  the  costs  involved: 

Average  Construction  Cost 

Total       Total     Cost  per 
Item  No.  coet       sq.  ft.       sq.  ft. 

DeUvering  tile 1,280  sq.  ft.  $12.80  1280  $0.0100 

Cinders 12cu.  yd.      6.00  960  .0062 

Concrete  sand — Included  in  price  of  team. 

Cement 3.75  bbl.         7.12  600  .0118 

Laborers 4                9.00  600  .0118 

Foreman 1                5. 00  600  .  0083 

Team 1  H  iime  3.00  600  .0050 

Total  cost  per  square  foot  for  construction $0.0563 

For  a  tile  constructed  sidewalk,  according  to  the  specifications,  we  have  a 
total  estimated  cost  for  the  completed  work  as  follows: 

Cost  of  tile  in  stack  at  yard  per  square  foot $0. 0517 

Cost     of     delivering     tile,     cinders     and     constructing    walk,    per 

square  foot 0. 0563 

Total  cost  per  square  foot $0. 1080 

Table  XXX  gives  the  contract  prices  covering  operations  for  the  past  four 
years  on  sidewalk  work  and  incidentals  connected  with  the  construction  from 
which  considerable  additional  revenue  has  been  received. 

Tablb  XXX. — Contract  Prices  for  Sidewalk  Construction  and  Extras, 

1916  to  1919,  St.  Paul 

1916       1917        1918       1918        1919        1919 
Item  Dist.  1  Dist.  2    Diet.  1    Dist.  2 

Cement  blks.,  new,  per  sq.  ft.  $0,094  $0,108  $0,105  $0.12  $0.0975  $0,105 

Cement  blks.,  relay,  per  sq.  ft.  0.05  0.06  0.05  0.07  0.05  0.06 

Resetting  curb,  per  Un.  ft 0.05  0.05  0.05  0.10  0.05  0.10 

Rubble  masonry  laid  in  cement  4.25  4.50  4.50  4.50  4.50  4.75 

Portland  cement  concrete 6.00  6.00  4.50  7.00  5.00  6.50 

Brickwork,  per  thousand 15.00  15.00  14.00  15.00  16.50  

Earthwork,  per  cu.  yd 0.50  0.60  0.60  0.70  0.75  0.75 

Lumber,  per  1000ft.  B.  M....  35.00  37.00  40.00  50.00  40.00  40.00 

Reinforcing  iron  and  steel,  lb.  0.10  0.12  0.11  0.12  0.10  0.12 

Brick   paving,    including  con-  2.35  2.40  2.40  2.75  2.60  2.76 

Crete  foundation 

Reinforced  concrete  5  in.  thick. 

per  sq.  ft.,  reinforcing  steel 

extra 0.80  0.35  0.80  0.40  0.26  0.40 

94ii.  sewer  pipe  in  place,  per 

Un^ft List.  LUt.  0.37  List.  0.56  0.56 

l2-in.  sewer  pipe  in  place,  per 

lin.lt List.  List.  0.40  List.  0.70  0.70 

15-in.  sewer  pipe  in  place,  per 

lin.  ft IJBt.  List.  0.42  List.  0.80  0.80 

Cement  walk  surfaced  in  place  0.15  0.16  0.14  0.20  0.15  0.20 

The  contracts  for  1916,  1917  and  district  No.  2  in  1918  were  executed  by  one 
contractor. 
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Coat  of  Ondlitf  tad  CeostructiBg  Sidtwalki,  Lo«  Angotei,  C«L— E.  E. 
QlMB  in  Rngimwring  and  Ck>ntractii«,  Ai>ril  4,  1917,  gives  the  foUowiaf : 

The  woik«  consifltiiig  of  the  impioYement  of  the  stieets  in  a  hilly  euburbMi 
tract  by  gnding  and  constnicting  about  7  miles  of  concrete  walks,  curbs  and 
gwitem,  was  done  in  Nov.  and  Dec.,  1016.  Am  the  soil  was  a  heavy,  stiff  day, 
the  oontnctor  pushed  the  work  with  all  possible  speed  in  order  to  beat  the 
wintei  rains  and  the  ezcayatlon  was  practically  complete  and  the  concrete 
work  half  finished  when  the  first  rain  fell  in  Dec.  Thereafter  some  delay  was 
experienced  because  of  wet  ground. 

Grading. — ^Two  elevating  graders  were  emplosred  for  ordinary  grading,  one 
drawn  by  a  gas  tractor  and  the  other  by  16  mules  (six  pushing).  A  steam 
shovel  was  used  in  the  heavier  cuts  and  handled  about  3.000  cu.  yd.  of  hard> 
pan.  As  the  cut  became  deeper  and  the  day  harder,  the  shovel  could  not  flU 
with  less  than  three  tries,  so  blasting  had  to  be  resorted  to.  The  maximum 
cut  was  only  0  ft.  Holes  were  sunk  by  two  men  on  a  chum  drill  and  sprung 
at  grade  by  a  stick  of  40  per  cent  dynamite.  Toe  spadng  was  about  equal  to 
the  depth  of  hole  and  the  average  load  was  a  half  keg  of  black  i>owder  filed 
by  an  electric  battery  and  a  stick  of  dynamite.  The  best  shots  merely  heaved 
the  ground,  but  occasionally  a  hole  would  "blow  up,"  and  as  the  streets  were 
in  a  residence  district  it  was  found  necessary  to  lay  old  planks  over  the  holes 
to  prevent  chunks  of  day  flying  and  damaging  property. 

The  business-like  handling  of  earth  sales  is  worthy  of  notice.  When  the 
work  was  awarded,  the  contractor  sent  salesmen  with  blank  contracts  to  the 
owners  of  property  in  the  district.  They  received  a  conunission  and  sold 
excess  yardage  for  as  much  as  40  ct.  per  cu.  yd.  for  filling  lots.  Any  reason- 
able terms  were  considered,  with  the  property  as  security.  This  appears  to 
be  a.  far  better  arrangement  than  the  more  common  wasting  of  earth  where 
the  contractor  does  not  get  the  prioe  he  wants  and  spot  cash. 

All  hauling  was  done  in  IH  cu.  yd.  dump  wagons.  An  item  which  tended 
to  increase  the  cost  of  the  earth-work  was  the  iiuibility  of  the  graders  to  work 
around  power  and  telephone  poles  where  light  cut  or  fill  nuule  their  removal 
unnecessary.  This  required  plowing  the  cut  between  the  pole  line  and  prop- 
erty line  and  slipping  the  earth  out  into  the  street,  where  the  grader  picked 
it  up. 

Because  of  short  notice  to  the  local  water  company,  many  pipes  and  some 
mains  were  broken  and  work  had  frequently  to  be  discontinued  on  a  street 
until  it  could  drain  and  dry  out.  This  water  standing  in  new  fills  and  ditches 
causes  much  inconvenience  on  a  grading  job  and  is  easily  avoided. 

Concrete  Work. — The  curb,  walk  and  gutter  gangs  b^^an  at  the  same 
point  and  followed  in  the  order  named,  about  a  week  apart. 

The  county's  resident  engineer,  in  charge  of  the  work,  had  an  inspector  with 
each  of  the  three  gangs.  Each  inspector  filled  in  the  day's  run  of  work  in  feet, 
size  of  crew  and  amount  of  cement  used,  on  the  progress  report  form  shown  in 
Fig.  15  which  also  gives  a  typical  day's  run  of  the  curb  outfit,  hand-mixing. 
The  resident  engineer  worked  up  the  balance  of  the  cost,  from  which  the 
final  cost  of  the  job  was  accurately  determined. 

The  greater  portion  of  the  curb  work  was  made  by  hand  mixing.  The 
matt^riaLs  were  turned  three  times  dry  and  three  times  wet  on  a  3  ft.  X  10  ft. 
sheet  iron  strips  laid  together  to  form  a  good  mixing  platform,  readily  moved 
along  the  street  as  the  work  progressed.  Ten-bag  batches  were  mixed,  which 
ran  about  75  lin.  ft.  o1  curb,  depending  upon  the  number  ot  op«D\x4B^\^\iVst 
drivewaya  and  the  amount  ot  low  grade  (giving  oveidev\^  ^^  onV^.    K^ 
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oonereto  on  the  woik  wu  1:2:4  and  mortar  waaspedfled  1  part  cement  ud  S. 
ptula  sand  with  I  lb.  o(  lamp  black  psi  barrel  of  cement  used.  On  the  curt) 
Bnlsh,  the  contractor  found  It  necesBary  to  use  moiB  cement  In  the  mortal  to 
trowel  uooothly. 

Carey  expansion  Joints  were  placed  every  40  ft.  In  curb,  walk  and  gutter  and 
(heradngcut  through  to  expose  the  felt.  The  curb  was  5  to.  wide  at  top.  3  In. 
at  base  and  IS  In.  high,  with  H  \n.  at  mortar  on  top  fan  and  yi  In.  of  mortar 
on  4  Id.  Of  back  and  3  la,  of  the  front  face.  Tbe  gutter  line  was  8  In.  below  (<qt 
□f  curb  on  the  greater  part  of  the  woik,  the  gutter  being  G  In.  thick  uid  2  ft 


Fio.  16. — ImpMtor'i  eoncrete  report  with  typlea 


wide,  but  DJtmaa  street  drains  the  district  and  here  curbs  were  given  10  In. 
taceBOdguttersneieSln.  tbickby  3  In.  wide.  All  gutten  were  floated  rough 
and  marked  every  3  ft.  to  correspond -with  the  curb  marks. 

Thewatkwasbuiit  4ln,  wtdewilhaSin.  baseof  l:2:4concreteandaH-fn. 
topol  1:Z  mortar  as  before  described.  A  Chicago  paving mlier  was  used  and 
gave  good  results.  In  all  the  work  both  Bides  of  the  street  Were  carried  along 
togetber,  the  concrete  being  wheeled  from  thR  platform  or  mlier  to  the  fonns 
In  barrows. 

All  cement  work  waa  promptly  covered  with  earth  wbtch  was  kept  moiat  for 

The  cost  of  this  work  is  given  in  Table  XXXI,  see  Fig.  is,  for  unltcoata 
of  nuiterlab  and  labor. 
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Tablb  XXXI.— Road  Di*tmct  luraovuiiNT  No.  134,  Biun*  ih  OcciDEimL 
HiiouTa,  Loa  Anoilsb  Couktt  Road  Dbfa 
ndawalk*.  imrba  ai 
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Total   10.0740 
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Curbi.    a"  X  ft"  X  IS",    furniahini.    hauKns   and 

placint.  Sft.lSS  lin.  rt.  at.  10.311 

IMaU  ol  Cort  of  Curb:  f"  "".It. 

Cement W-SKi 

Qraiel 08«> 

Sand 0I« 

Lampblack 0«>8 
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One  Cotirte  Monolithic  vs.  Two  Course  Concrete  Sidewalks. — Maj.  F.  8. 
Besson,  in  Engrineering  and  Contracting,  May  4,  1921  gives  the  comparative 
advantages,  costs,  etc.,  of  constructing  both  1  and  2  course  concrete  side- 
walks.   In  concluding  his.  article  MaJ.  Besson  gives  the  following  summary: 

A  5  in.  one  course  walk  of  gravel  concrete,  proportioned  1  bag  of  cement 
(one  cu.  ft.),  2H  cu.  ft.  sand  and  3H  cu.  ft.  gravel,  presents  all  the  advantages 
of  a  two  course  walk  and  none  of  its  disadvantages.  This  is  accomplished 
with  (1)  a  saving  of  from  100  to  200  bags  of  cement  per  1,000  sq.  yd.  of  walk, 
(2;  a  labor  saving  of  6  men  in  an  organization  capable  of  approximating  350  to 
400  sq.  yd.  of  walk  per  day,  (3)  an  increase,  with  a  given  type  of  concrete 
mixer,  of  from  10  to  12  per  cent  in  daily  yardage,  and  (4)  a  saving  of  the  first 
cost  and  maintenance  of  a  mortar  mixer. 

Output  of  Gang  in  Constructing  One  Course  Concrete  Sidewalks  (Engi- 
neering and  Contracting,  Jan.  1,  1919). — The  one-course  type  was  decided 
upon  for  the  subdivision  of  the  American  Steel  &  Wire  Co.  at  Donora,  Pa., 
vdiere  an  extensive  concrete  housing  development  is  being  completed.  Con- 
tract was  let  for  approximately  25,000  sq.  ft.  of  5-ft.  walk,  4H  in.  thick. 
The  work  was  handled  in  much  the  same  way  as  one-course  concrete  road 
construction. 

Of  especial  interest  are  the  steel  dividing  plates  used  to  separate  concrete 
into  5-ft.  slabs,  as  the  plates  must  not  extend  above  the  sidewalk  surface  if  the 
roller  method  of  finishing  is-to  be  followed. 

Where  wooden  side  forms  were  used,  Me-in.  steel  plates  5  ft.  long  by  AH  in. 
in  depth  were  spaced  at  5-ft.  intervals.  Near  the  top  at  each  end  of  the  plate 
a  small  hole  was  provided  so  that  the  plate  could  be  removed'4»rith  hooks.  To 
prevent  concrete  from  pushing  these  plates  out  of  position,  they  were  staked 
near  the  ends  and  at  the  center  with  steel  pins. 

On  part  of  the  work  the  forms  were  of  steel.  The  type  of  dividing  plate 
used  with  these  patented  forms  had  a  projecting  part  in  the  shape  of  a  hook 
on  each  end  which  fitted  over  the  vertical  web  of  the  channel-shaped  side  form, 
the  upper  fiange  being  cut  through  to  make  that  possible.  Only  one  stake  on 
level  ground,  or  two  on  grades,  were  needed  with  this  type  of  plate. 

Concrete  was  mixed  in  proportions  of  1 : 2 : 3,  using  crushed  blast  furnace  slag 
ranging  in  size  from  H  in.  to  IH  in.  as  coarse  aggregate.  This  gave  particles 
larger  than  are  ordinarily  used  in  sidewalk  construction,  but  little  trouble  was 
experienced  from  this  cause  when  the  concrete  was  finished  with  a  heavy 
roller. 

Care  was  taken  to  make  adequate  provision  for  expansion.  Every  50  ft.  a 
strip  of  prepared  filler  H  in.  in  thickness  was  placed  across  the  sidewalk,  and 
where  the  walk  abutted  a  street  curb  two  thicknesses  of  filler  were  used. 
Between  houses  and  walks  a  H  in-  joint  was  placed. 

Concrete  was  deposited  directly  on  the  clay  subgrade  and  struck  off  H  in- 
high  with  a  template.  Following  this,  concrete  was  rolled  longitudinally  with 
a  10-in.  roller  5  ft.  5  in.  long,  which  weighed  2H  lb.  per  lineal  inch.  Since  this 
roller  rested  on  the  side  forms  after  concrete  had  been  compacted  to  the 
proper  level,  it  was  satisfactory  although  heavier  than  is  used  ordinarily. 
Inunediately  after  rolling  the  surface  was  finished  with  wood  floats,  dividing 
plates  were  removed,  joints  grooved  and  the  sidewalk  edged. 

The  concreting  crew  was  made  up  of  14  men,  including  the  superintendent; 
live  men  were  employed  in  the  mixing  crew,  three  wheeled  concrete,  two  set 
forms  and  three  did  the  finishing.  Twenty-one  hundred  square  feet  was  the 
largest  day's  work  done,  while  1,800  sq.  ft.  was  a  fair  daily  average.    The 
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afaDBT  WM  a  twthndL  batch  side  dump  machine.    Usually  it  was  moved  four 
Mnwa  daily. 

Coat  of  ConstructiAc  a  Wide  Concrete  Sidewalk,  Harriibnrf,  Pa. — Joel  D. 
rustln  gives  the  foltowing  data  in  Engineering  and  Contracting,  Sept.  1. 1915. 

In  connection  with  the  construction  of  a  series  of  reinforced  concrete  letain- 
fac  walls  along  the  river  front,  the  City  of  Harrisbuxg  completed,  in  11^15. 
a  concrete  sidewalk  10,600  ft.  long  and  12  ft.  3  ins.  wide. 

The  sidewalk  which  was  built  by  contract  under  rigid  inspection,  was  ooo- 
•ftructed  In  alternate  blocks  6  ft.  IH  ins.  square  and  6  ins.  thick,  with  1  part  of 
eement,  2H  parts  of  sand  and  AH  parts  run  of  crushed  limestone,  maximum 
•lae  1  in.  The  mixture  was  made  so  dry  that  considerable  heavy  ramming  was 
necessary  to  bring  moisture  to  the  surface.  This  concrete  was  then  deposited 
in  a  block  compartment  and  screeded  and  thoroughly  tamped.  The  top  coat 
mixed  1  part  cement  to  IH  part  quartz  sand,  was  mixed  so  dry  that  It  Is  nee- 
essaiy  to  squeeze  a  ball  of  the  mortar  in  the  hand  to  bring  moisture  to  the  sur- 
face. The  top  coat  is  then  spread  over  the  concrete  base  and  screeded  and 
rammed  into  place,  either  with  tampers  or  by  striking  heavily  with  the 
flat  of  the  shovel.  The  surface  is  then  finished  off  hard  and  smooth  with 
floats  and  metal  trowels. 

It  is  essential  that  both  concrete  base  and  top  coat  should  be  placed  fairly 
dry,  as  if  either  Is  wet,  there  Is  formed  a  minute  layer  of  laltanoe  between  the 
base  and  the  top  coat.  This  causes  a  dividing  plane,  which  frequently 
explains  the  peeing  off  of  the  top  coat  of  sidewalk  work  as  generally 
constructed. 

The  writer  has  placed  over  one  hundred  thousand  square  yards  of  top  coated 
concrete  In  the  manner  here  outlined,  where  weather  conditions  are  excep- 
tionally severe  and  none  of  it  has  come  off.  He  is  firmly  convinced  that  the 
method  secures  a  perfect  bond  between  the  concrete  and  the  top  coat.  Blocks 
placed  In  this  manner  have  been  broken  up  and  removed  and  It  was  found 
impossible  to  separate  the  top  coat  from  the  base,  the  fracture  In  every  case 
occurring  elsewhere. 

The  sidewalk  was  located  at  the  foot  of  a  bank  varying  In  height  from  12  to 
15  ft.  A  two  bag  batch  steam  driven  mixer  of  the  Milwaukee  Paver  type  was 
stationed  on  the  bank  and  moved  from  place  to  place  under  its  own  steam  as 
the  work  progressed.  Set  ups  were  from  two  to  three  thousand  feet  apart. 
Sand,  stone  and  cement  were  delivered  by  team  on  an  asphalt  street  within  20 
to  75  ft.  of  the  mixer.  The  cost  of  cement  delivered  on  the  Job  was  f  1.10  per 
barrel  net,  including  deduction  for  lost  and  stolen  bags.  Crushed  stone  cost 
90  cts.  per  ton  delivered  on  the  job  and  sand  $1..^0  per  ton. 

After  mixing,  the  concrete  was  dumped  through  a  chute  into  Koppel  cars, 
running  on  a  narrow  gage  track  beside  the  sidewalk.  From  the  cars,  the 
concrete  was  dumped  directly  into  place.  The  top  coat  was  mixed  on  the 
sidewalk  and  transported  in  wheelbairows  to  the  points  required. 

Each  block  6  ft.  IH  Ins.  square  and  6  ins.  thick  contained  0.695  cu.  yds., 
requiring  1.25  bbls.  of  cement,  0.822  bbls.  of  this  being  in  the  concrete  base  and 
0.428  bbls.  in  the  top  coat.  The  average  was  thus  1.8  bbls.  per  cubic  yard 
including  the  top  coat. 

An  itemized  statement  of  the  organization  and  cost  per  unit  is  given  in 
Table  XXXII.  The  average  output  per  10-hour  day  was  100  blocks  or 
09.5  cu.  yds.  or  417  sq.  yds. 

It  should  be  noted  that  no  allowance  ha.^  been  made  for  overliead  or  depre- 
ciation.   All  other  charges  to  the  contractor  are  included.  .    ^ 
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Table  XXXII 


Supplying  Mixer— 

Cement,  1  man  ®  $1.60 

Stone,  6  men  @  $1.50  per  10-hr.  day 

Sand,  2  men  @  $1.50  per  10-hr.  day 

Mixer  Running — 
1  engineer  &  $2.50 

1  fireman  @  $2.00 

Transporting  Concrete — 

2  m^n  on  cars  at  mixer  @  11.50 

3  men  on  train  @  1.50 

1  horse  @  2.00 

Placing  and  Ramming  Concrete — 

4  men  placing,  ramming,  screeding  @  $1.50. . . 
Mixing  Top  Coat — 

5  men  nuxiuA  @  1.50 

Transporting  Top  Coat — 

3  men  wheeling  ^  $1.50 

Placing  and  Screeding  Top  Coat — 

4  men  ^$1.75 

ilnishing  Top  Coa^— 

1  man  @  $3.00. 
1  man  m    2.00. 

1  man  @    2.00. 

Setting  Templets — 

1  foreman  @  $3.00 

3  carpenters  @  $2.00. , 

2  helpers  @  $1.75 

Finished  Grading — 

1  foreman  @  $2.00 


Cost 
per 
day 


Per  cu. 

yd. 


$  1.50     

9.00     

3.00     $0,194 


2.50 
2.00 

3.00 
4.50 
2.00 

6.00 

7.50 

4,50 

7.00 


0.065 

o.'iso' 

0.086 
0.108 
0.065 
0.101 


7.00       0.101 


8  men  @  $1.50. 


Total  labor  cost 

Coal  for  mixer  @  $3.10  ton. . 
Use  of  mixer,  tracks  and  cars. 


3 
6 
3 

2 
12 

00 
00 
50 

00 
00 

b'.isb' 
'6!26i* 

$85.50 
0.78 

$1.23 
0.011 
.0444 

Per  sq. 

yd. 


$0,032 

o.oii 

6.022 
0.014 
0.018 
0.011 
0.017 

0.017 

oioso 
6!634 


$0,205 
0.000 
0.024 


Grand  total  (aside  from  overhead), 

Cost  of  Materials-^ 

1.4  tons  stone  @  90  cts 

.7  ton  sand  @  $1.50 

1.8  bbls.  cement  @  $1.10 


$87.28     $1.26  $0,210 

Per  ou.  yd.     Per  sq  yd. 


Cost  materials 

Total  labor,  mixer-coal. 


Total  cost 

6  sq.  yds.  »  1  cu.  yd.  (6  ins.  thick). 


$1.26 

.91 

1.98 

$4.15 
1.26 

$5.41 


$0,210 

.152 

0.330 

$0,696 
0.210 

$0,902 


Cost  of  Concrete  Sidewalk  in  Chicago. — N.  E.  Murray  gives  the  foUowing 
in  a  paper  before  the  Illinois  Society  of  Engineers  and  Surveyors,  Jan.  2(hS, 
1910,  abstracted  in  Engineering  and  Contracting.  Feb.  2,  1010. 

The  ordinary  concrete  sidewalk  gang  in  Chicago  is  usually  composed  of  six 
men  paid  as  follows: 

1  finisher  8  hours  at  65  cts $5.20 

1  helper  8  hours  at  47^  cts 3 .  80 

4  laborers  8  hours  at  37H  cts 12. 00 

Total $21.00 

Under  favorable  conditions  this  gang  will  construct  900  sq.  ft.  of  walk  per 
day.  From  information  furnished  me  by  several  of  the  leading  contractors, 
each  employing  on  an  average  of  six  gangs  of  men.  a  gang  of  six-men  will 
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»f«n9»oidy<IOOfq.  11.  per  day  for  ao  entile  aiMMMML    TUb  4fitre  will  be  Hied 
M  »  basis  for  oomputiog  the  cost  of  labor  in  the  f oUof^tag  table: 

andas  (allow  for  30%  shrinkage),  30.88  ea.  yds.  at  50 eta $10.43 

Base  4H  i&dMS  thidc— Mix  1-2H^: 

Cment,  0.77  bUs.,  at  $1.30 $11.73 

Sand,  a.47  ou.  yds.,  at  $1.76 0.07 

Offtvel  0.86  eo.  yds.,  at  $1.60 10.38 

Total iso.dif 

WeaitBf  ooat  H  fai.  tUok— Mix  3-8. 

Gemeiitr6.66  bblB.,  at  $1.30 $  0.67 

Sand,  1.17  en.  yds.,  at  $1.76 3.04 

Total $8.71 

W»ter  at  1  mill  per  square  foot 0. 00 

Labor,  one  sane  one  day 81.00 

Iteof  took,  wasteof  matoiaUete.,  at3% 1.87 

Supt.  and  oiBloe  exp.  at  6  % 8.61 

Profit  at  10  % 7.86 

Total 881.04 

The  average  cost  per'f oot  when  600  so.  ft.  per  day  aie  laid  divided  into  unit 
cost  per  sq.  ft.  is  as  follows: 

Onders 80.0174 


Cement i- 80.0106 

Sand 0101 

Orarel .0171 

Total 80.0468 


Top: 
Cem< 


ent 80.0111 

Sand .0084 

Total 80.0146 

Water , 80.0010 

Labor 0.0850 

Tools,  waste,  etc.,  2  % 0.0028 

Supt..  6  % 0.0068 

Profit,  10% 0.0138 

Total 80.1861 

In  the  above  the  cost  of  materials  and  water  amounts  to  7.07  cts.  per  sq.  ft., 
which  will  remain  constant,  while  the  cost  of  labor,  superintendent,  etc.,  will 
vary  accordhig  to  the  number  of  square  feet  laid  per  day  per  gang: 

At.  sq.  ft.  per  day.  700  800  900  1,000 

Cost  of  Ubor,  supt.,  etc 80.1201     80.1348    80.1213     $0.1186 

Cost  of  Cttttiag  Bdge  of  Concrete  Walk. — H.  R.  Ferris  gives,  in  Engineering 
and  ContraeUng,  Oct.  4, 1016.  the  following: 

During  the  work  on  some  street  widening  improyements,  it  was  found 
necessary,  in  order  to  make  room  for  a  granite  curb,  to  trim  about  3  in.  off  the 
outside  edge  of  a  4-in.  concrete  walk,  and  for  a  distance  of  512  ft. 

The  work  was  done  by  an  unusually  good  workman,  using  a  medium  hand 
hammer  and  ordinarj  cold  chisels. 

The  cost  follows: 

Foreman  marking  and  lining  edge  of  walk,  2  hr.  @  62.6 

ets 8  1 .  26 

Laborer  cutting  edge  of  walk,  24  br.  ®  80  cts. 7. 20 

Removing  old  concrete — 

Labor.  4  hr 1 .  20 

Teams,  1  hr _    .65 

uo'ao 

Cemt  per  Ifnaa/  foot %  <^. 
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Cost  of  Raltlnc  Snnkan  Concreta  Walk. — H.  R.  Ferris  glvca  the  foUowiiiB 
Dote  In  EngineerUig  and  Conlrectlng,  Ocl.  4,  I9lfl. 

In  the  course  o(  Borae  construction  connected  with  street  widening  Improve- 
menta,  It  was  found  necessary  to  raise  to  Ita  original  lesel  240  ft.  of  eoncreto 
walk  whicb  owing  to  defective  earth  foundation  bad  sunk  S  oi  fl  !□.  on  the 
outalde  edge.  The  walk  waa  12  ft,  wide.  4  in.  thick,  with  a  mesh  reinforce- 
ment, and  although  over  IS  years  old  was  still  In  perfect  condition.  It  was 
poaaible  that  its  settlement  had  been  foreseen  by  the  conslnietors,  as  6-in. 
"I"  beams  had  been  placed  cross-wise  underneath  it,  at  InMrrals  of  8  ft. 
In  order  to  make  room  for  a  granite  curb,  the  "I"  beams  which  projected 
beyond  the  edge  of  the  walk,  were  cut  by  hand  with  a  hack-saw.  The  labor 
cost  of  cutting  these  I-beams  was  43  ct.  each.  A  concrete  pier  (see  sketch)  was 
placed  under  the  outside  edge  of  the  walk  after  it  had  been  raised  to  Its  oiifliial 
position.  Twelve  jacks  were  used  for  the  work.  The  costs  follow; 
Laboi— 

Foremsn.  3  days  ®  *4 .    .    .   112.00 

.     Laboi  raising  walk.  1 12  h*.  @  30  cts 33.80 

Labor  concreting,  56  hr.  @  30  CM 18.80 

Labor  cutting  T"  beams  (301,  48  br.  &  30  cts 14.40 

Labor  on  forms,  reinforoBment,  14  hr.  @  30  cia 4,20 

•31.00 

Materials— 

Cement,  Iflbbl.  @t2 t32.0O 

Band,  sk  eu.  yd.  @  *1 8.  SO 

Gravel,  13  cu.  yd,  @  »1.10 14.30 

Hack  saw  (frame  and  blades) 8.  SO 

Reinforcina  steel,  SOO  lb.  @  3  cts ...      15.00 

Rentiuc  jacks 8.00 

J77.30 


Fis,  16. — Croe»«ection  of  oomUned  curb  and  (atter. 

at  Webb  Cltj,  Mo.   Costs  tor  typical  examples  of  this  tyj 

are  given  b7  E.  W.  Robhison  in  Enelne«rlng  and  Contracting,  May  IS,  1912. 

as  follows: 

The  coats  given  have  been  compiled  from  the  dally  report  blanks  turned  In 
each  day  by  the  city  Inspectors.  It  will  be  noticed  that  there  Is  coadderaUe 
VHlatlOU  la  the  coat  at  the  different  Items  tor  differaia  Jobs,  thDUgh  (be  tot^ 
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:ree  pxetty  dosely.  There  are  several  reasons  for  this.  In  the  first  place 
leiB  was  consifierahle  difference  in  the  efiBdency  of  the  men  and  methods 
mplogred.  Alao  on  this  kind  of  work  it  is  not  always  eoonomical  to  have  a 
gaas  organized  so  that  each  man  does  only  one  or  two  tilings,  and  such  fre- 
quent switching  of  men  is  hard  to  follow  in  trying  to  keep  the  time  on  each 
operation.  In  some  cases  the  foreman  made  a  hand  wherever  the  men  got 
behind,  in  others  he  did  no  actual  labor.  Then  the  personal  equation  of  the 
inspector  entered  in  no  small  degree  in  the  manner  of  the  division  of  labor  on 
the  different  items.  However  the  totals  give  a  fair  average  of  tlie  oost  of  this 
work  in  this  dty  for  the  last  two  srears. 


(1)  d-lN.  Curb  and  Quttbb.  2,059  Lor.  Ft. 

(Concrete  mixed  by  hand.  Good  foreman  and  well  organized  gang.  Includes 
setting  forms,  mixing  and  placing  only.    PubUc  contract.) 

Cost  per 
Labor:  Un.  ft. 

1  foreman.  145K  hours  at  S0.333 $0.01687 

1  finisher,  HIM  hours  at  I0J566 0.02664 

2  aast.  finishers  and  mortar  mixers.  72  hours  at  S0.25, 17  hours  at  10.222    0 .  00736 
1  mortar  mixer,  48H  hours  at  S0.277 0.00458 

3  form  setters.  9  hours  at  S0.277,  lOOH  hours  at  S0.26.  147H  hours  at 

$0.222 0.02040 

4  concrete  mixers,  714  hours  at  $0.22 0.05357 

Total  Ubor $0. 12877 

Material: 

Cetnent,  concrete  and  mortar,  1.445H  sacks  at  $0.85 $0. 17007 

Sand,  mortar.  484.1  cu.  ft.  at  $0.08 0.01300 

Gravel,  concrete.  338.4  cu.  yds  at  $0.60 0.05717 

Water,  1,838H  cu.  ft.  at  $0.005 0.00311 

Total  material $0.24434 

Total  for  labor  and  material $0,878 


(2)  9-In.  Curb  and  Guttkb,  2,089.5  Lin.  Ft. 

(Concrete  mixed  by  hand.  Includes  setting  forms,  mixing  and  placing  onl^. 
Work  interrupted  by  rain  frequently.  Foreman  did  no  actual  work,  rubho 
contract.) 

Cost  oer 
Labor:  Un.  ft. 

1  foreman  115H  hours  at  $0.666 $0. 03687 

1  finisher.  115H  hours  at  $0.444 0.02454 

1  mortar  mixer,  115H  hours  at  $0.278 0.01535 

2  form  setters,  226  hours  at  $0.26 0.02704 

5  concrete  mixers.  544  hours  at  $0.222 0.05787 

Total  for  labor $0. 16168 

Material: 

Cement,  mortar  and  concrete,  1.114H  saclcs  at  $0.85 $0. 18670 

Sand,  mortar.  361H  cu.  ft.  at  $0.08 0. 01384 

Gravel,  concrete,  240  cui  yds.  at  $0.60 0.05744 

Water.  1.160  cu.  ft.  at  $0.006 000280 

ToUl  for  material $0.26078 

TotM)  for  labor  mad  material ^.^2KMa 
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(3)  9-In.  Cube  and  Gutter,  1.279.2  Lin.  Ft. 

(Concrete  mixed  with  Coltrin  continuous  mixer  part  of  time,  rest  with  Ectipse 
batch  mixer.  Includes  sub-base,  setting  forms,  mixing  and  placing  only.  Does 
not  include  water  and  gasoline.  Good  weather.  Public  contract.  Good  fore- 
man, did  no  actual  work.) 

Cost  per 

Labor:  lin.  ft. 

1  foreman,  63  hours  at  S0.666 $0.0328 

2  finishers,  64  hours  at  $0,444,  40H  hours  at  $0.278 0.0309 

2  form  setters,  132  hours  at  $0.222 0.0233 

1  mortar  mixer,  62  hours  at  $0.222 0. 0107 

1  feeding  mixer,  62  hours  at  $0.222 0.0107 

2  off-bearing,  71  hours  at  $0,222,  5  hours  at  $0.278 0.0133 

2  placing  and  tamping,  llOH  hours  at  $0.222 0.0192 

Total  for  labor $0. 1409 

Material: 

Cement  mortar  and  concrete,  626  sacks  at  $0.40. $0. 1957 

Sand,  mortar,  217  cu.  ft.  at  $0.08 0.0136 

Gravel,  concrete  and  sub-base,  182.3  cu.  yds.  at  $0.50 0.0617 

Total  for  material $0. 2610 

Total  for  material  and  labor $0.4019 

(4)  9-In.  Cubb  and  Guttbb,  2,900  Lin.  Ft. 

(Concrete  mixed  with  Eclipse  batch  mixer.  Includes  sub-base,  setting  forme 
and  mixing  and  placing,  but  not  water  or  gasoline.  Late  fall  of  year  and  some 
work  lost  because  of  frost.     Well  organized  gang.) 

Cost  per 
Labor:  lin.  ft. 

1  foreman,  99  hours  at  $0.666 $0. 0228 

2  finishers,  95  hours  at  $0.30,  14  hours  at  $0.50 0.0123 

2  form  setters,  198  hours  at  $0.2333 0.0159 

2  mixing  and  placing  mortar,  198  hours  at  $0.233 0. 0159 

5  mixer  men,  464  hours  at  $0.222 0.0356 

Total  for  labor $0. 1024 

Material: 

Cement,  mortar  and  concrete,  1,291  sacks  at  $0.40 $0. 1767 

Sand,  mortar,  457H  cu.  ft.  at  $0.07 0.0116 

Gravel,  concrete,  122  cu.  yds.  at  $0.50 , 0.0210 

Gravel,  sub-base,  161.1  cu.  yds  at  $0.50 0.0278 


/ 


Total  for  material $0.2371 

Total  for  labor  and  material , $0. 3395 

(5)  4-Ft.  Sidkwalk,  436  Sq.  Ft. 

(Concrete  mixed  by  hand.     Includes  setting  forms,  mixing  and  placing  only. 
Foreman  was  also  contractor  and  finisher.     Private  contract.) 

Cost  per 
Labor:  sq.  it. 

1  foreman  and  finisher,  9  hours  at  $0.50 $0. 0103 

4  mixing  and  placing  concrete,  24  hours  at  $0.222 0 .  0122 

1  mixing  and  placing  mortar,  7  hours  at  $0.222 0 .  (X)36 

Total  for  labor $0.0261 

Materiah 

Cementt  mortar  and  concrete,  33  sacks  at  $0.35 $0. 0265 

Sand,  mortar,  25  cu.  ft.  at  $0.08 0. 0046 

Water,  6  bbls.  at  $0.10 0. 0014 

Gravel,  concrete,  4  cu.  yds.  at  $0.50 0. 0046 

Total  for  material $0.0371 

Total  for  material  and  labor $0.0633 
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(6)  4-Ft.  Sidxwalk.  4,084  So.  Ft. 

(Conorete  mixed  by  hand.  Inoludet  settinc  forma,  mixinc  and  i>Uoinf  wUy. 
Foreman  did  some  finiahing,  but  was  attending  to  other  buwnew  moat  d  tinie. 
(Mherwiae  gang  waa  efficient.     Loat  fiO  ft.  of  finiah  by  rain.    Public  contract.) 

Coat  par 

Labor:  tQ*  n> 

1  foreman  and  finiaher,  43  houia  at  fOUS&S $0.0047 

1  fiaiahar.  llVi  hooia  at  ia444 0.001ft 

8  mixing  and  pladng  mortar,  107  houia  at  $0.232 0.0048 

4  mixing  concrete,  151^  honra  at  $0.222 O.OOOB 

^placing  eonerate,  88  houra  at  $0.2^ O.0O4S 

2  aetting  forma,  58  houia  at  $0.222 0.0027 

Total  for  labor $0.0247 

Material: 

Canent,  concrete  and  mortar,  414  aacka  at  $0.40 $0.0886 

8tod,  mortar,  444  ou.  ft.  at  $0.06 0.0072 

Qrarel,  concrete,  40.6  cu.  yda.  at  $0.50 0.0060 

Water,  0  tanka  at  $0.60 0.0000 

Total  for  material $0.0467 

Total  for  material  and  labor $0.0714 

(7)  4-Ft.  SmxwALK,  12,504  Sq.  Ft. 

(Conerate  mixed  with  C<dtrin  eontinuoua  mixer.  Inoludea  aetting  forma, 
mixing  and  placing  only,  but  not  gaaoUne.  Effident  gang.  Foreman  waa 
member  of  firm  and  ndped  at  all  timea;  60  lin.  ft.  loat  by  rain.     Public  contract.) 

Coatper 
Labor:  aq.  ft. 

1  foreman,  18  daya  at  $6.00 $0.0072 

2  finiahara,  105K  houra  at  $0,555.  45  houia  at  $0.383 0.0060 

2  mixing  and  placing  mortar,  262  houra  at  $0.222 0.0047 

4  mixer  men,  505H  houra  at  $0.222 0.0000 

1  water  bey,  04  houra  at  $0.111 0.0006 

Total  for  Ubor $0.0275 

Material: 

Cement,  concrete  and  mortar,  853  aacka  at  $0.40 $0.0278 

Oravd.  concrete,  118  cu.  yda.  at  $0.60 0.0045 

Sand,  Aniah.  858  cu.  ft.  at  $0.08 0.0058 

Water.  152  bbb.  at  $0.10 0.0012 

Total  for  material $0.0884 

Total  for  labor  and  material $0.0650 

(8)  4-Ft.  Sidbwalk,  0,566.7  Sq.  Ft. 

(Concrete  mixed  with  a  Coltrin  eontinuoua  mixer.  Indudea  aetting  forma, 
mixing  and  placing  only.     Doea  not  include  water  and  gaaoline.     Fairly  efficient 

Kig.     Foreman  <ud  no  actual  work  but  waa  a  huatler.     Waa  alao  the  contractor, 
blic  contract.) 

Coat  per 
Labor:  aq.  ft. 

1  foreman,  54H  houra  at  $0.666 $0.0038 

1  finiaher.  68H  houra  at  $0.444 0.0030 

2  mixing  mortar.  104  houra  at  $0.222 0.0024 

2  feeding  mixer.  100  houra  at  $0.222 0.0025 

2  wheeling  mortar  and  concrete,  125  houra  at  $0.222 0.0020 

2  placing  concrete  and  mortar.  119  houra  at  $0.222 0.0028 

Total  for  labor $0.0174 

Material: 

Cement,  concrete  and  mortar.  748  aacka  at  $0.40 $0.0818 

Sand,  mortar,  467  cu.  ft.  at  $0.06 0.0030 

Gravd,  concrete.  07  cu.  yda.  at  $0.50 0.0051 

Total  for  material IftAWJk. 

Total  icrlalMxr  and  matariai V^AMJ 
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Cost  of  Laying  Granite  Curb. — Engineering  and  Contracting,  June  5.  1918, 
gives  the  foUowing: 

Granite  for  the  5108  ft.  of  curb  was  delivered  on  the  work,  in  blocks  from 
6  to  8  ft.  long,  of  the  dimensions  shown  on  the  sketch.  The  stones  were 
bedded  in  1:3:5  concrete  as  required  by  the  specifications,  laid  to  a  true  line 
and  grade,  and  joints  exceeding  H  hi.  were  not  permitted. 

A  good  working  foreman,  with  an  indifferent  Italian  crew,  performed  the 
work.  Stones  were  placed  entirely  by  hand,  with  the  aid  of  crow-bars,  jacks, 
etc.  The  contractor  thinks  it  probable  .that  considerable  economy  might 
have  been  effected  by  using  a  small  portable  derrick. 

The  costs  follow: 

Per  Un.  ft. 

Curb,  setter,  307  hours  at  50  cts $0. 030 

Helper,  307  hours  at  40  cts .  024 

Labor,  1,850  hours  at  30  cts .  108 

Total $0. 162 

A  snatch  team  was  used  at  odd  times  for  moving  around  stones  which  had 
not  been  conveniently  distributed.  This  cost  is  not  included  in  the  figures 
given  above. 
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Fig.  17. — Sketch  showing  dimensions  of  granite  curb. 


Labor  Costs  of  Lajring  Curved  Granite  Curbs  at  Street  Intersections. — H. 
R.  Ferris  gives  the  following  data  in  Engineering  and  Contracting,  Jan.  3, 
1917. 

The  costs  cover  the  labor  of  laying  44  returns  (630  lln.  ft.)  of  curved  granite 
curb  at  11  street  intersections.  The  stones  were  20  in.  deep,  6  in.  wide 
at  tPP  &ii<l  dressed  for  5  in.  on  the  face.  At  the  bottom  they  wrae  generally 
7  or  8  hi.  wide.    Each  piece  came  in  lengths  varying  from  4  to  7  ft.  and  were 
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Qoaveniently  delivered  within  a  few  feet  of  their  flnalloeeiteiL  Tl»boltoiii 
12  In.  of  the  curb  were  imbedded  in  1 :3:6  concrete. 

The  wori£  was  done  by  an  energetic  and  competent  curb-setter  aoil  bfilpa 
vHo  bandied  their  i>art  of  the  work  well.  The  common  labor,  whksh  IndiiiM 
tbe  excavation  of  the  trench,  movinif  stooee.  mixing  ooocMte,  etc.,  wae  ir^ 
inefficient,  however,  and  probably  85  per  cent  of  this  ooet  eoold  hav^  b^ 
saved  with  first  class  laborers. 

The  curbs  were  laid  under  strict  inspection.  No  Joints  over  ^  in.  wwe 
aUoiwed,  and  the  bottom  of  all  curbs  had  a  true  setting  bed  in  order  to  "seeote' 
a  imiform  depth  throughout."  The  workmen  were  rec^iiiied  to  set  the  stoD^ 
•o  that  they  would  be  "free  of  deprenions  and  wind,  and  true  to  line  and 
giade.**    The  stones  were  set  to  a  9-ft.  radius.  '  '  ;. 

The  labor  costs  follow: 

Cost  op  LATDto  630  Lin.  Ft.  Of  CmivaD  Qbakto  Cun    . 

Curb  setter.  84  hours  @  40c $  33.60 

Helper,  56  boura  ®  35c , 10.60 

Labor,  342  hours  ^  25o S5.50 

$138.70   . 
Total  cost  per  tin.  ft.  of  labor. . . .  ^ 22  otpl 

Cost  of  a  Cobble  Lined  Gutter,  California. — ^E.  Earl  Glass  gives  the  follow- 
ing in  Engineering  and  Contracting,  June  6.  1917. 

To  prevent  cutting  by  storm  water,  the  Los  Angeles  County  Road  Depart- 
ment recently  constructed  a  cobble  lined  gutter  on  each  side  of  a  steep  hillside 
road.  The  adjoining  property  owners  furnished  the  cobbles  and  gravel, 
which  they  hauled  from  a  nearby  stream  bed. 

The  gutter  (3  ft.  wide  and  7  ins.  deep  at  center)  was  roughed  out  with  plow 
and  slips  and  shaped  with  shovels.  The  soil  being  a  very  sandy  sUt  furnished 
an  excellent  bed  for  the  stones.  Excepting  the  team  work  on  rough  grading, 
all  the  work  was  doneby  threelaborers  withpart  of  the  time  of  aroad 
foreman. 

The  best  stones  for  this  work  are  hard,  dean,  stream  cobbles,  about  O'in.  x 
10-in.  faces  and  4  or  5  in.  thick.  Cobbles  are  often  laid  vertically  or  at  a 
slight  angle  as  on  street  pavements,  but  we  laid  this  work  flat,  thus  effecting 
a  great  saving  in  time  and  material,  and  getting  practically  the  same 
results. 

After  400  ft.  of  gutter  had  been  laid,  one  of  the  men  would  go  back  and  wet 
the  gutter  until  water  showed  between  the  stones.  He  then  tamped  every 
stone  with  a  sledge.  He  mixed  half-bag  batches  of  coarse  mortar  (1 :3:5)  in  a 
mortar  box  and  shoveled  the  soupy  grout  onto  the  wet  stones.  Another 
laborer  swept  the  mortar  along  with  a  street  broom,  filling  all  voids  between 
the  stones  with  the  concrete  and  leaving  the  gutter  section  smboth  but  showing 
all  rock  faces.  As  soon  as  the  mortar  was  sufficiently  set,  an  inch  depth  of 
earth  was  spread  over  the  finished  gutter  and  kept  damp  for  a  week. 

At  all  driveways  and  in  front  of  residences  where  a  deep,  open  gutter  would 
be  objectionable,  the  property  owners  provided  14-in.  concrete  pipe  which 
were  laid  in  shallow  trenches  with  open  joints.  The  gutter  was  flared  to 
connect  with  these  pipe  culverts,  providing  substantial  and  artistic  head 
walls,  with  generous  capacity  for  entry  and  delivery  of  a  full  stream  of  storm 
wster. 
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The  cost  of  the  Improvement  was  as  follows: 

Pipe  Gutter        Total 

Length,  ft 224  4,666        4,880 

Excavating  and  backfilling $  16. 50  $218.75    $235. 25 

224  lin.  ft.  of  14-in.  concrete  irrigation  pipe  @ 

33  ct.  delivered 74.00     , 74.00 

30  tons  (25  cu.  yd.)  of  bank  gravel  for  grouting 8.00          8.00 

367  tons  of  clean,  granite  cobbles  for  paving 

gutter 103.00       103.00 

Laying   stone   for   pipe   end   walls   and   paving 

gutter 17.50  243.50       261.00 

Grouting  end  walls  and  gutter 4. 50  60.70        65.20 

Cement   for   end   walls   and   gutter,   28H    bbl. 

@  $2.00 3.50  53.60         57.00 

Supervision 18.00  87.00       105.00 

Total $134.00  $774.46     $908.45 

Total  cost  per  lin.  ft $    0.60  $    0.166$    0.186 

Total  cost  per  sq.  ft.  of  paved  surface $    0 .  04H   

Note — ^Labor,  $2.50  per  8-hour  day. 

Twenty-three  yards  of  1:3:5  concrete  were  used  in  grouting,  which  Is  a  rate 
of  0.14  cu.  yd.  per  100  sq.  ft.  of  cobble-gutter  surface.  Labor  only  for  laying 
and  grouting  (no  grading)  was  $6.60  per  100  lin.  ft.,  or  the  three  men  finish  1 14 
lin.  ft.  per  day,  exclusive  of  excavation. 


CHAPTER  XVI 
HIGHWAY  BRIDGES  AND  CULVERTS 

This  chapter  contains  costs  and  other  economic  data  relative  to  construct- 
ing hii^way  bridges.  In  the  following  chapter  other  data  will  be  found  which 
may  also  prove  of  value  in  connection  with  highway  bridge  constiuction. 
Many  data  on  this  subject  are  also  given  in  the  voluminous  section  on  bridges 
In  Gillette's  "  Handbook  of  Ck)et  DaU." 

.Bcooomic  Highway  Bridges  and  Cnlverts. — The  following  is  taken  from  an 
abstract,  published  hi  Engineering  and  Contracting.  July  28,  1920.  of  a 
paper  presented  at  the  Canadian  Good  Roads  Convention  at  Winnip«g. 
June.  1920.  by  M.  A.  Lyons. 

In  selecting  the  type  of  structure  three  factors  will  influence  this  choice,  viz.. 
economy,  service  and  appearance,  and  of  these  the  first  two  will  generally,  but 
not  always  rightly,  be  the  deciding  factors.  It  is  impossible  to  estimate  the 
value  of  the  asthetic  in  design,  and,  as  this  value  cannot  be  expressed  in  con- 
crete symbols,  it  is  frequently  not  understood,  and.  consequently,  beauty  of 
appearance  is  not  given  full  value  in  deciding  on  the  type  of  structure.  It  is  a 
question  as  to  how  much  additional  money  should  be  spent  in  order  to  achieve 
a  pleasing  appearance.  The  cost  of  a  bridge  is,  however,  soon  forgotten,  but 
an  unsightly  bridge  cannot  be  forgotten,  for  it  remains  as  a  constant  unpleas- 
ant jar  on  the  senses. 

Comparative  CoaU  of  Timber^  Steel  and  Concrete  Bridge: — In  selecting  the 
most  economical  type  of  bridge,  first-cost  upkeep  and  value  of  non-interrup- 
tion of  traffic  must  be  considered.  The  timber  structure  is  in  about  every  case 
the  cheapest  in  first  cost,  but  in  the  long  run  it  does  not  generally  prove  to  be 
as  cheap  as  steel  or  concrete.  A  wooden  pile  bridge,  if  suitable  for  the  site,  is 
no  doubt  the  cheapest  bridge  in  direct  cost. 

For  example,  a  60-ft.  pile  bridge  will  cost  today  about  $1,500.  Allowing  A 
per  cent  interest,  a  yearly  payment  of  $270  would  be  required  to  keep  this 
bridge  in  condition,  made  up  as  follows:  Flooring  to  be  renewed  every  3  years, 
first  cost  $270.  yearly  payment  for  3  years  $101 ;  stringers  to  be  renewed  every 
6  years,  first  cost  $270.  yearly  payment  $55;  remainder  of  bridge  to  last  12 
years,  first  cost  $900,  yearly  payment  $114;  total  yearly  cost  $270.  Indirect 
costs,  such  as  delay  to  traffic  during  repairs,  loss  of  traffic  through  neglect  of 
repairs,  liability  to  accident  or  Are  may  run  the  total  cost  far  beyond  the  direct 
costs.  At  best,  the  pile  bridge  is  very  unsightly  and  only  to  be  considered 
where  first  costs  are  of  prime  importance,  as  they  sometimes  are. 

In  many  cases  stream  conditions  are  such  that  it  is  not  permissible  to  havo 
piles  in  the  stream  bed  and  a  clear  opening  of  long  span  is  required.  The  type 
of  structure  may  then  be  a  choice  between  a  wooden  span,  a  steel  span  or  a 
concrete  span.  Unless  the  wooden  span  Ls  to  be  placed  on  piles,  which,  in 
many  cases,  is  not  feasible,  the  cost  of  the  substructure  for  the  three  types  will 
be  about  the  same,  so  that  it  will  only  be  necessary  \o  com^^iX^  \Xi<&  T^^ft^ic<<^ 

1027 


1028  HANDBOOK  OF  CONSTRUCTION  COST 

costs  of  the  superstructure.  Again  selecting  a  50-ft.  span  for  comparison,  and 
assuming  wooden  flooring  to  be  renewed  every  three  years,  wooden  stringers 
to  be  renewed  every  six  years,  painting  wood  and  steel  to  be  carried  out 
every  four  years,  the  life  of  concrete  and  steel  to  be  over  30  years  and  the  life 
of  a  wooden  truss  to  be  over  15  years,  we  have  the  following  relative  costs: 

FtBBT  CkMTS 

Wooden  Truss — 

12,400  ft.  B.  M.  timber  at  $100  per  M $1 .240 

3,000  lb.  steel  at  15  cts.  per  lb 450 

Painting 250 

$1,940 
Steel  Bridge — 

17.6  tons  steel  at  $220 $2,772 

4,600  ft.  B.  M.  timber  at  $80  per  M 368 

$3,140 
Concrete  Bowstrine — 

68  ou.  yd.  concrete  at  $35  pe)r  cu.  yd. $2,380 

11.600  lb.  steel  at  10  ots.  per  lb 1 .  160 

1,850  sq.  ft.  mesh  at  20  cts.  per  sq.  ft 370 

1,000  lb.  structural  steel  (bearings,  etc.),  20  cts.  per  lb 200 

Crosby  clips  and  handrail 200 

$4,310 
Yearly  Costs 
Wooden  Truss — 

Flooring  2,800  ft.  B.  M.  at  $80,  cost  $224,  yearly  payment  based  on 

a-year  life $  84 

Stringers,  3,200  ft.  B.  M.  at  $80,  cost  $256,  yearly  payment  based  on 

6-year  life 54 

Remainder  of  bridge  $1,210,  yearly  payment  based  on  15-year  life.  .  125 

Yearly  cost  of  painting  every  4  years 72 

Total  yearly  cost $  335 

Steel  Truss- 
Timber,  4,670  ft.  B.  M.  at  $80,  cost  $374,  yearly  payment  based  on 

3-year  life $  140 

Yearly  payment  on  steel  truss  for  30  years  (cost  $2,772) :  201 

Yearly  cost  of  painting  every  four  years 36 

Total $     377 

Concrete  Bridge — 

Yearly  payments  on  concrete  bridge  for  30  years  (cost  $4,810) $     311 

It  thus  appears  that  the  concrete  superstructure,  for  spans  of  this  length  at 
least,  is  cheaper  than  either  wood  or  steel.  It  must  also  be  noted,  in  the  case 
of  steel  and  concrete  bridges,  that  at  the  end  of  30  years  the  bridge  is  paid  for 
and.  the  yearly  payments  cease  (except  for  the  repairs  on  the  steel  bridge), 
vhile  in  the  case  of  the  wooden  bridge  the  yearly  payments  still  go  on. 

Every  Bridge  a  Problem  in  Itself. — For  bridges  of  any  size  it  is  impossible 
o  make  any  general  statement  that  one  clas?  of  bridge  is  cheaper  than  another, 
s  every  bridge  is  a  problem  in  itself,  and  the  foregoing  is  given  as  an  example 
»f  a  method  of  obtaining  relative  costs.     The  question  of  the  nature  of  the 
oundations,  cross-section  of  the  stream-bed,  condition  of  stream  flow,  water- 
way required,  availability  of  materials,  relative  cost  of  materials,  relative 
costs  and  availability  of  labor,  relative  cost  of  substi^icture  to  the  super- 
structure, ice  conditions  and  economical  and  suitable  length  of  span  must  be 
taken  into  account  when  deciding  which  is  the  economical  bridge. 
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Wooden  bridges  are  conllned  chiefly  to  two  tjpet.  the  pile  trestle  and  the 
Howe  tnisR.  For  steel  bridges  of  dear  span  of  80  ft.  or  under,  simple  stringer 
spans  are  cheapest;  from  30  ft.  to  about  45  or  iSO  ft.,  plate  girders:  from  60  ft. 
to  80  or  90  ft.,  low  or  pony  trasses;  400  or  500  ft.,  trusses  with  subdivided 
panels;  beyond  this,  cantilever  or  suspension  bridges,  with  steel  arches,  coming 
In  any  place  in  the  list. 

Every  concrete  bridge  is  a  study  in  itself.  In  Manitoba  there  have  been 
constnicted.  or  are  under  way,  slab  and  girder  bridges  up  to  30-ft.  span, 
through  girders  up  to  50-ft.  span,  barrel  arches  up  to  100-ft.  span,  open- 
spandrel  arches  up  to  60-ft.  span,  through  arch  or  rainbow  type  up  to  00-ft. 
span  and  bowstrings  up  to  90-ft.  span.  These  aie,  however,  only  given  as  an 
example  of  different  types  of  concrete  bridges. 

Culvrrtt,  Type*  and  Cottg. — Coming  to  the  small  but  important  culverts, 
there  are.  in  general,  four  types  in  conunon  use:  First,  wooden  culverts; 
second,  steel  or  iron  culverts:  third,  concrete  pipes;  and  fourth,  concrete 
culverts  cast  in  place.  The  wooden  culvert  is  undoubtedly  the  cheapest,  but 
the  objection  to  this  Ls  that  it  is  out  of  commission  or  unsafe  about  most  of  the 
time.  In  point  of  coat,  concrete  pipe  culverts  come  next.  These,  however, 
must  be  placed  where  no  water  will  freeze  in  or  around  them,  and  they  must 
have  a  good,  solid  bed.  Considerable  saving  has  been  effected  in  Manitoba 
by  the  ase  of  concrete  «pipe.  and  the  results  have  been  quite  satisfactory. 
The  cast  of  manufacture  last  year  ran  about  as  follows: 

Per  lin.  ft. 

10-in.  diameter 36  cts. 

12-in.  diameter 45  cts. 

1 5-in.  diameter 50  cts. 

18-in.  diameter 83  cts. 

24-in.  diameter $1 .  22 

30-in,  diameter 1 .  75 


The  breakage  in  handling  ran  about  1  per  cent. 

Corrugated  steel  or  iron  pipes  have  been  used  extensively  where  lack  of 
suitable  materials  or  labor  prevent  the  making  of  concrete  pipes.  These  can 
be  laid  in  places  where  it  would  not  be  suitable  to  lay  concrete  pipes.  We 
have  also  ased  .semi-circular  reinforced  culverts  cast  in  place  with  success. 
These  cost  about  the  same  as  the  corrugated  iron  pipes.  We  seldom  use  pipe 
culverts  of  over  30-in.  or  36-in.  diameter.  Above  that  we  advocate  reinforced 
concrete  box  culverts. 

Diagrams  for  Estimating  Materials  Required  for  Standard  Steel  and 
Concrete  Spans  of  the  Illinois  Highway  Department. — The  following  is 
given  by  G.  F.  Burch  in  Illinois  Highways.  June.  1015.  abstracted  in  Engi- 
neering Record,  July  7,  1915. 

These  diagrams  give  the  weight  of  steel  and  the  amount  of  concrete  in  steel 
truss  spans  from  50  to  160  ft.  long,  with  a  4-in.  concrete  floor,  in  reinforced- 
concrete  girder  spans  from  30  to  60  ft.  long,  and  in  reinforced-concrete  slabs 
from  5  to  30  ft.  long.  In  addition  curves  are  given  for  the  amount  of  concrete 
in  the  abutments,  both  plain  and  reinforced. 

Material  in  Super »tructure,B. — The  Steel  trusses  are  Of  the  ordinary  Pratt 
truss  type  with  parallel  chords  and  riveted  connections.    The  d«a\c<B^'^T^^^«& 
for  a  4-in.  concrete  floor,  with  a  wearing  surface  asavimed  Xo  'v^N^  tlC3X'Nk«» 
iiiMn  50  lb.  per  square  foot.     On  account  of  the  we\gYvl  aad  i\«N^VVS  ^^  ^^^^  ^^'^" 
erete  JJoor  no  aUowuDoe  is  made  for  impact.     Root  a^atemA  «»  ^«fiMgM^  ^^ 
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cany  a  15-ton  traction  engine  in  addition  to  the  dead  load.  Trusses  are 
designed  to  carry  a  uniform  load  of  100  lb.  per  square  foot  of  road  surface 
for  spans  from  50  to  150  ft.,  and  a  imiform  load  of  85  lb.  for  spans  exceedincr 
150  ft.  long.  The  usual  A.  R.  £.  A.  unit  stresses  are  used  in  the  design. 
Pony  trusses  are  used  for  spans  of  from  50  to  85  ft.,  and  through  trusses  for 
spans  of  from  90  to  160  ft. 

Reinforced-ooncrete  through  girders  are  used  for  spans  of  from  30  to  60 
ft.  This  type  of  structure  is  designed  to  carry  either  a  uniform  load  of  125  lb. 
per  square  foot,  or  an  engine  load  of  24  tons. 

Plain  Concrete  AbutmenU.— In  preparing  curves  to  show  the  quantities  in 
abutments  it  was  found  that  there  were  many  variables  which  might  be  con- 


60       too        . 
Span  in  Feet 

Fia.  1. — Steel  truss  superstructures. 


sldered,  but  which  if  used  would  produce  such  complex  formulas  as  to  make  the 
curves  of  little  use  in  the  field.  It  was  found  that  curves  giving  reliable  results 
might  be  obtained  by  plotting  the  cubic  yards  of  concrete  in  two  abutmmts 
against  a  formula  which  represented  a  measure  of  the  quantities  desired. 
The  variables  in  this  formula  are  H,  height  of  abutment  from  bottom  of 
foundation  to  top  of  roadway;  A,  clear  width  of  roadway  on  superstructure, 
and  IF,  length  of  average  wing  wall.  For  plain  concrete  abutments  the  best 
results  were  obtained  by  using  the  term  H*  (ft  +  2TF). 

Plain  concrete  abutments  for  steel  bridges  are  designed  with  a  footing  width 
of  one-third  of  the  height  over  all,  and  the  thidcness  of  the  footing  is  usually 
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'ntoMbL    ThewldthofthsbueofttiBat 

t  the  footlDf  li  made  approiliiuiMj  aaiKtiiKtVa  of  tlw  iMtglll  s(  tin  «i 
iMck  of  UtB  sbutmeDt  nil  la  vertkal  ud  tbs  fMB  ot  tbn  nil  to  tetlsnd 
lop  wMtb  a(  rrom  30  to  38  hi.  The  wing  <nlli  hs  baltond  «  both  ridw 
havB  K  top  wldUi  of  12  in.  Fig.  4  bIiowi  tbe  eurvei  from  whld)  AM 
^ff  tfplBlneonerateabutiiientatoTfltMl  brtdaWBMrtwoMataed.  WlMO 
■BMnaeowDta  ue  made  to  determllw  the  jxntatrT  height  of  ahutmMtt^ 
the  wMth  of  rokdirar  >■  dedded  upon,  It  is  «M7  to  eMimata  tha  lenflh  of 
;  walto  wlitdi  will  be  required.  Tlieae  flguna  are  then  UMd  In  tbe  tramnla 
the  ptfdafle  itf  concrete  la  read  directly  from  the  curve. 


FiQ.  3. — Rdnforced  ci 


« throuth  i^rdei  (upentmctana. 


he  design  of  plain  concrete  abutments  tor  girder  bddgM  \a  similar  to  tbe 
{n  for  irle^l  bridges,  except  that  tbe  wing  walla  are  lettered  on  the  face  side 
,  and  the  top  width  of  the  abutment  wall  la  IS  In.  Plain  concrete  abut- 
ta  for  slab  brldgea  differ  aUgbtl;  from  the  pncedlng  deaign.  Tbe  width 
Kttlng  on  the  abutment  wall  Is  Umlted  onl;  bj  the  tale  besrlng  capadtj 
le  soU,  with  a  mlnitaum  of  3  ft.  Thla  width  may  aometlnMe  be  kaa  than 
tUrd. 

irrea  for  EiUmatiac  Steal  Btldfe  Qaaatltlaa.~Englne«lQg  and  Con- 
Unc.  April  2G,  1917.  abalracta  tbe  curvea  ihown  as  Flga.  S  and  S  fram  a 
ge  Manual  prepared  under  tbe  direction  of  J(dm  H.  Lewla,  State  Engl- 
ot  Oregon,  for  the  State  Highway  Commlaekm.  They  are  Intended  for 
l7  reference,  to  determfoe  wUhln  reaaonable  Umlta  (he  KCV^B^inafab  QiUBr 
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titles  or  weights  of  the  materials  which  enter  into  the  construction  of  tlie 
types  of  bridges  for  which  the  curves  were  prepared. 

The  diagrams  are  based  on  tlirough  Pratt  bridges,  designed  according 
to  the  standards  of  the  Oregon  State  Highway  Department  for  the  loadings 
given. 

They  are  in  no  way  intended  as  a  substitute  for  careful  estimating  when  the 
question  of  any  crossing  enters  the  contract  and  construction  stage.  The 
final  estimates  should  always  be  made  up  on  accurate  plans  and  details 
worked  out  for  the  particular  bridge  in  question  to  cover  any  special 
conditions. 


/c? 


15 

Span  in  Feet 


Fio.  3. — Reinforced  concrete  slab  superstructures. 


Men  in  the  field,  however,  are  often  called  upon  to  prepare  an  estimate  on 
short  notice  upon  which  definite  construction  programs  may  be  authorized 
without  further  delay.  Aftei  the  quantities  of  materials  are  obtained,  prices 
and  labor  costs  can  be  judged  in  the  field  on  the  basis  of  local  conditions,  per- 
haps better  than  anywhere  else,  and  the  rough  estimate  be  made  up  in  a  short 
lime. 

The  curves  give  the  weight  of  steel  in  both  medium  and  heavy  traffic 
bridges  of  spans  ranging  from  60  to  260  ft. 

The  bridges  are  of  the  pony  or  low  truss  type,  from  60  to  90  ft.,  and  through 
Pratt  trusses  from  100  to  260  ft. 

Roadways  are  taken  at  16  ft. 
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Fia.  6. — QukBtiU'   (atiiBiect   for    medium  UkI&q   iWiti\  \ici&v*. 
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Uve  loads  tor  medium  traffic  were  asaunied  at  80  lb.  for  iptmi  up  to  ISO  ft., 
and  GO  lb.  tor  apiaa  over  ttuit  lenph.  Resultant  live  load  n'reeses  In  tfae 
iTuases  were  Increased  for  Impact. 

For  beavy  trafBc  tbe  live  loads  were  asaumed  at  100  lb.  for  spans  up  to  1 60 
ft.,  and  75  lb.  tor  greater  lensths.  the  loads  given  including  provialon  tor 
Impact. 

Medium  traffic  bridges  are  designed  for  wood  floors  and  Joists:  heavy 
trafHc  bridges  to  eventually  cany  a  concrete  floor. 


I- 

i. 

i- 


Fio.  S.— Quantity    catinuila    for    heavy    traffic    steel    brid«ea. 


Costs  of  SnbstnictQie  ol  the  Double-Leaf  Traiuiaa  Bascole  Bridge  at 
Chicago  Ave.,  Chicaio,  lU. — Carl  O.  Johnson  glvee  tbe  toltowliig  detailed 
labor  costs  In  Engineering  and  Contracting,  Nov.  4,  1014.  Tbe  reader  Is 
referred  to  the  Oct.  24th  and  the  Nov.  4th.  1914  issue  ot  this  paper  for  many 
additional  cuts  which  are  here  omitted  trom  lack  of  space. 

Tbe  new  Chicago  Ave,  Bridge,  which  apaaa  the  Chicago  River  at  Chicago 
Ave..  Chicago,  Is  a  double-leaf  trminion  bascule  atnictute  with  a  clear  span  of 
lei  ft.  3  ins.  and  a  length,  center  to  center  of  trunnions,  of  138  ft.  0  liu. 
The  bridge  has  a  clear  roadway  ot  30  ft.  and  two  12-tt,  sidewalks. 

Unit  Bidding  Pricit  and  ^clunl  Quantities  Placrd.—Tabie  I  gives  the  unit 
bidding  prices,  the  actual  quantities  of  materials  placed,  and  tbe  total  casta  of 
each  Item  of  the  substructure  work. 

Id  addition  to  the  successful  contractor's  bid  of  tlDG,34fl.20.  three  other 
bids  were  received,  tbe  total  amounts  of  tbeae  bids  being  S10e.137.5O.  $107.- 
100.00  and  $1 16,950.00. 

Contrail  aBd  Cantraelar'a  Bijuipiiniii,— The  contract  between  the  city  of 
Chicago  and  Byrne  Bros.  Dredging  and  Engineering  Co.  was  signed  Dec.  S, 
1912,  and  notification  to  begin  work  was  given  by  the  clly  Dec.  13. 1912.  Hie 
time  limit  for  this  work  was  nine  months,  CoDstractioD  work  was  actually 
hegm  March  17,  1913.  and  tbe  work  was  Snlsbed  Mordb  23,  1914. 

Tbe  contractor  was  required  to  furslsh  all  labor,  material  and  plant  neces- 
sary tor  the  construction  work,  and  was  made  responsible  tor  all  damage*  due 
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to  the  construction  of  the  substructure.    The  construction  plant  consisted 
of  the  following  equipment: 

One  6-cu.  yd.  "Marion"  dipper  dredge. 

Two  dump  scows,  500-cu.  yd.  capacity  each. 

Two  dump  scows,  250-cu.  yds.  capacity  each. 

One  derricic  scow  equipped  with  a  12-in.  sand  pump. 

Two  decic  scows. 

One  floating  pile  driver. 

One  shore  pile  driver. 

One  sti£f-leg  derrick  with  40-ft.  wood  mast  and  80-ft.  boom. 

One  stiff-leg  derrick  with  40-ft.  steel  mast  and  90-ft.  boom. 

One  22-HP.  hoisting  engine. 

One  30-HP.  hoisting  engine. 

One  80-HP.  locomotive  firebox  boiler. 

One  M-iu-  cu.  yd.  concrete  mixer. 

Three  8-in.  centrifugal  pumps. 

One  6-in.  submerged  centrifugal  pump. 

One  4-in.  piston  pump. 

Rates  of  Wage  and  Division  of  Labor. — The  following  rates  of  wages  were  paid 
the  rates  being  regulated  principally  by  agreement  with  the  labor  unions: 

Superintendent,  $200  per  month. 

Timekeepers,  from  $1.50  to  $3.76  per  day;  average  rate,  35.9  cts.  per  hour. 

Watchman,  $2.50  per  day.  . 

Hoisting  engineers,  76  to  80  cts.  per  hour;  average  rate,  76.2  cts.  per  hour. 

Firemen,  46  cts.  per  hour. 

Winchmen,  62H  cts.  per  hour. 

Signalmen,  from  40  to  60  cts.  per  hour;  average  rate,  46H  cts.  per  hour. 

Carpenter  foremen,  76  cts.  per  hour. 

Carpenters.  65  cts.  per  hour. 

Carpenters*  helpers,  48  cts.  per  hour.  *     co  o   *  i. 

Labor  foremen,  from  $4.50  to  $7.00  per  day;  average  rate,  58.2  cts.  per  hour. 

Laborers,  from  25  to  60  cts.  per  hour;  average  rate,  44.2  cts.  per  hour. 

Iron  worker  foreman,  $1.14  per  hour. 

Iron  worker  straw  boss,  93^  cts.  per  hour. 

Iron  workers,  68  cts.  per  hour. 

Machinists,  65  cts.  per  hour. 

Sewer  brick  layers,  $11.00  per  8-hour  day.  .       ,    a-  u^ 

Pile  driver  crew,  10  men  at  8  hours  each  $43  76  per  day  (ordinary  work). 

Pile  driver  crew,  10  men  at  8  hours  each,  $63.08  per  day  (dnving  steel  sheeting) 

Dredge  crew,  7  men  at  12  hours  each,  $33.00  per  day. 

Dredge  crew,  10  men  at  12  hours  each,  $38.46  per  day. 

Derrick  scow  engineer,  76  cts.  per  hour. 

Derrick  scow  fireman,  30  cts.  per  hour. 

A  day,  or  shift,  was  8  hours.  The  superintendent,  timekeepers,  and  labor 
foremen  worked  8  to  12-hour  shifts.  The  average  rate  of  wage  for  aU  classes 
of  labor  for  the  entire  job  was  63  cts.  per  hour. 

Table  II  gives  the  division  of  labor  on  the  work,  classified  both  as  to  time 

and  cost. 

Table  II. — DnrisioN  of  Labob  on  Job 

Percentage  Percentage 

of  total  of  total 

Kind  of  labor.                                                              l»o"rs  worked  cost  of  work 

Superintendent,  timekeeper,  watchman,  etc 8.5  8.2 

Engineers  and  firemen J;*' J  iS' i 

Carpenters Jg-|  *|- J 

Laborers ^'g  *f  S 

Ironworkers X*?  if 

Machinists Xj  Xi 

Bricklayers {Ia  tgo 

Pile  driver  crew ^|- J  *J- J 

Dredge  crew.  ...^ ','.'.'.['..'.           o!2  oll 
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Timt  and  Coit  Data  for  Variou9  Labor  Itoina.— In  all  the  OQil  data  given  in 
tbiB  article,  only  actual  job  labor  eotu  have  been  considerad.  No  chacne  Jliaa 
been  made  for  tug  senrioe,  plant  rental  or  depredation*  interest,  or  central 
ofBoe  overhead  charges,  etc. 

Tables  III  to  IX.  inclusive,  contain  accounts  which  were  prorated  among 
the  contract  items  as  shown.  These  tabular  data  give  essential  Information 
on  the  cost  and  the  time  required  to  complete  various  parts  of  the  work. 

The  average  rate  for  the  work  indicated  in  Table  III  was  54  cts.  per  hour. 
The  items  given  in  Table  III  were  prorated  among  all  items  where  the  pile 
driver  crew  was  used  according  to  the  number  of  hours  worlced.  as  follows: 

Totia  Total 

Item  hours  cost 

CofTerdams 875     S    474.00 

Steel  sheeting  for  oonorete  caissons 454  245.00 

MisoeUaneous 41  22.30 

Pine  timber 41  22.30 

Oaktimber 11  4.66 

Teetpiles 11  4.55 

Pile  driving  for  foundation 289  156.00 

Removal 247  137.00 

To  Table  VIII 82  44.60 

To  Table  IX 11  4.65 

Total 2,062    •1,114.86 

TABI.B  III. — Pile  Dbxving  Equifmsnt 

Total  Total 

Item                                                                                           hours  oost 

Ricgins  floating  pile  driver  No.  1 60        $      82. 86 

Unloaaing  and  erectinc  shore  pile  driver  No.  2 193  109.37 

Risginif  and  erecting  snore  pile  driver  No.  3 730  360.80 

Removing  wrecked  pile  driver 164  90.98 

Rebuilding  shore  pile  driver 535. 5  313. 15 

Removing  steam  nammer  for  another  job 11.5  7 .  51 

Wrecking  old  pile  driver 112  56.80 

Repairing  pile  driver  scow 216  121 .  36 

Storing  pile  driver _40  21.88 

Total 2 .  062         $1 . 1 14 .  86 

Unloading  the  steel  coflTerdam  sheeting,  the  steel  caisson  sheeting  and  the 
reinforcing  bars  for  the  concrete  work,  hauling  this  material  from  the  cars  to 
the  scow,  towing  the  same  about  1,500  ft.,  and  unloading  the  materisl  on 
the  docks  required  344  hours,  at  a  cost  of  $171.50,  the  average  rate  of  wage  for 
this  work  being  50  cts.  per  hour.  These  items  were  prorated  according  to  the 
amount  of  steel  used  for  the  various  parts  of  the  work  as  given  in  Table  IV. 

Table  IV. — Handling  Stksl 

Total  Total 

Item  hours  cost 

Cofferdams 189  $94.41 

Steel  caisson  sheeting 100  49.70 

Reinforcing  bars _55  27.40 

Total   344  $171.51 

Unloading  coal  for  the  plant  on  the  west  side  of  the  Chicago  River  required 
64H  hours,  at  a  total  cost  of  $28.57.  the  average  rate  of  wage  being  45  cts.  per 
hour.    This  item  was  prorated  as  given  in  Table  V. 

Tablb  V. — Handunq  Coal 

Total  Total 

Item                                                                                                 hours  cost 

Pumping  water  from  cofferdam 68  $25. 71 

Excavation 6H  2.86 

Total ft\H         Xlii.Kl 


1038  HANDBOOK  OF  CONSTRUCTION  COST 

Tbe  cost  and  the  time  reqiiired  to  sort  the  old  lumber  used  in  the  cofferdiuns 

are  giTen  in  Table  VI.    The  average  rate  of  wage  for  this  work  was  47  cts.  per 

hour,  and  the  work  was  prorated  50  per  omt  to  each  cofferdam. 

Tabls  VI. — Sorting  Lumber 

Item  Total  hours     Total  ocet 

Sorting  lumber 281H  $131 .  42 

The  time  and  cost  data  on  the  labor  which  may  be  classified  as  super- 
intendence is  given  in  Table  VII.  This  item  includes  the  work  of  the  super- 
intendent, timekeepers,  watchman  and  the  unclassified  time  of  the  carpenter 
and  labor  foremen.  It  amounts  to  12.1  per  cent  of  the  net  pay  roll,  the 
average  rate  of  wage  being  53  cts.  per  hour. 

Tabls  VII. — Supsbintkndknck 

Item  Total  hours   Total  cort 

Superintendence 9,612        $5,010.01 

Table  VIII  gives  the  cost  and  the  number  of  hours  worked  on  items  per- 
taining to  the  work  of  the  derricks. 

Table  VIII. — Work  Pebtainino  to  Dbbbicks 

Total  Tota 

Item  hours  coet 

Clearing  spaoe  for  west  plant 47      $      18  80 

Driving  five  28-ft.  j;>ile8  tor  derrick  foundation 85  46  50 

Framing  west  derrick,  40-ft.  mast,  80-ft.  boom 40  26  00 

Rigging  and  erecting  west  derrick 195H  106  91 

Housing  boilers 371H  189!84 

Wrecking  west  derrick  and  plant 114  57 .  82 

Cleaning  up  site  of  plant 30  12.00 

Prorated  amount  from  Table  III 55  29. 74 

Total  (average  rate  of  wage,  52  cts.  per  hour) 938       $    487 .  61 

Driving  three  45-ft.  and  two  30-ft.  piles  for  foundation  of 

east  derrick 40      $      21.88 

Cutting  and  framing  bent  to  above  piles .\ 12  7!80 

BuOding  crib  for  foundation  of  derrick  sill 36  14!40 

Rigging  and  erecting  east  derrick,  40-ft.  mast.  90-ft.  boom.  291  153! 91 

General  work  on  east  plant 1 ,094^  628  49 

Prorated  amount  from  Table  III 27  14!86 

Total  (average  rate  of  wage,  56  cts.  per  hour) 1 ,  500H  $    841 .  84 

Unloading  east  and  west  plants 74       $      33 .  35 

General  work  on  east  and  west  plants 154  92  ]  92 

Total  (average  rate  of  wage,  55  cts.  per  hour) 226      $     126. 27 

Grand  total. ". 2,666H  $1,455.22 

As  the  items  given  in  Table  VIII  were  charged  principally  to  the  derrick 

plant,  they  were  prorated  among  the  contract  items  according  to  the  "  derrick 

engineer"  hours  charged  against  these  items,  as  follows: 

Total  Total 

_  Item                                                                                       hours  coet 

Cofferdams 320  $     174.57 

Miscellaneous , 160  87  34 

Excavation 480  26o!  12 

Concrete 586H  320.04 

Mortor.  •...••••••• 134  73.78 

Caissons  above  El.  ^-45 320  174 .  57 

Caissons  below  El.  —45 533  291 '.  02 

Setting  substructure  steel 133  73. 78 

Total 2,666H  $1,465.22 
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TbB  oosi  and  the  lime  duosed  to  the  eonerete  pluit  are  cfren  in  TmUe  IX. 

Tablb  IXj^^CoKcmam  Plant 

Total  Total 

Item  houn  ooet 

Loadinc  and  wiiloadim  eand  eeoir 357H  $    151.00 

Plaoinc  proteetion  0T«r  eaet  lat  floor 8  3.00 

Cleaiiing  rubbish  and  concrete  from  east  pit  floor 144  73.40 

dearinc  space  for  east  concrete  mizing  plant 20  8.15 

Erecting  east  concrete  miser  and  85H-xt.  tower  for  same, 

oainf  4,454  ft.  B.Jd.himber 905  540.80 

Handling  concrete  chutes 270  180. 58 

Bemoving  cast  ^ncrete  mixing  plant 100  .    50. 00 

Removing  east  eottcrete  tower 62  82.55 

Pkorated  amoont  from  Table  III 11  4.55 

Unloading  stone  scows 332  144.08 

Clearing  storage  n>ace  for  sand  and  stone  on  west  side  of 

river. ..: 37  14.80 

Betting  west  concrete  mixer  and  running  water  pipe  line. . .  72H  48. 24 

Resettug  concrete  mixer  in  second  position 188  70.08 

Resetting  concrete  mixer  in  third  position 141  74.22 

Changing  concrete  chute  to  west  side 03  45. 20 

Removing  west  oonerste  mixfaig  plant - . .  25  10.00 

Building  and  removing  platform  for  stone  storage  on  west 

side ^.  .V: 832  144.08 

Unloading  stone  from  canal  boats  on  west  side 873  101 .  50 

dsaring  rubbish  and  concrete  from  west  pit,  etc 488H  207.83 

Oeneralrepaiis  to  concrete  plant 270>ii  122.72 

Miseellaneous,  moving  of  cement 153  00. 19 

Total  (average  rate  of  wage,  50  ete.  per  hour) 4. 182      82, 117.03 

The  items  griven  in  Table  IX  were  charged  against  "concrete"  items,  as 
follows: 

ToUl  Total 

Item  hours  cost 

Concrete 3,027.35  81.582.44 

Mortar 243. 33  123. 10 

Concrete  caisson  foundations  between  £1.-20  and  El.-^5    501 .  97  254 .  25 

Concrete  caisson  foundations  (mIow  El.  —45 400.35  207. 24 

Discussion  of  Construction  and  Cost  Data  and  Unit  Costs. — A  description 
of  the  work  done  under  each  subdivision  of  the  contract,  together  with  a  dis- 
cussion of  the  cost  data  will  now  be  given.  Each  item  is  referred  to  by  the 
reference  letter  given  in  the  specifications  and  shown  in  Table  I. 

*'  A  " — RenumU  of  Obetructiont. — ^Thls  item  included  aU  work  done  in  remov- 
ing obstructions  which  interfered  ^ith  the  construction  of  the  substructure. 
The  woric  consisted  principally  of  removing  a  rubble  masonry -pier  containing 
103  cu.  yds.,  timber  and  pile  approadies,  parts  of  bride  sewers,  and  concrete 
walks.  The  lump  sum  bid  for  this  work  was  8650.  The  construction  plant 
used  consisted  of  a  pile  driver,  a  derrick  scow  and  a  dedc  scow.    The  actual 

labor  costs  for  this  work  were  divided  as  foUows: 

Total  Total 

Item  hours  cost 

Removal  of  timbers,  piles,  etc 1 .733      8    831 .38 

Removal  of  stone,  bnck,  concrete 748  282. 06 

Prorated  charge 247  137.00 

Total 2.728       81,250.43 

Superintendence,  etc.,  12.1  per  cent 330. 1         151 . 30 

Grand  total 3,058. 1  $1,401.78 

Arermge  Imbor  eoBt,  46  ct8.  per  hour. 
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"B" — Cofferdama, — The  cofferdams,  which  were  of  the  siQgle-wall  type, 
were  built  of  steel  and  wooden  sheeting,  and  entirely  enclosed  the  main  piers 
and  small  walls.  The  lump  sum  for  building,  maintaining,  protecting  and 
removing  the  two  cofferdams  was  $22,300. 

The  west  cofferdam  had  maximum  dimensions  of  86.7  ft.  by  55.3  ft.,  enclos- 
ing an  area  of  4,424  sq.  ft.  The  maximum  depth  of  water  outside  of  this  dam 
was  19.9  ft. 

The  east  cofferdam  had  maximum  dimensions  of  91.9  ft.  by  56.3  ft.,  inclos- 
ing an  area  of  4,655  sq.  ft.  The  maximum  dei»th  of  water  outside  of  this  dam 
was  20.9  ft. 

The  excavation  (all  soft  clay)  was  carried  down  to  a  genieral  elevation  of 

—  20.0  (the  river  being  at  elevation  about  +0.8),  from  which  depth  four 
caissons  were  sunk  to  bed  rock,  which  lies  at  an  average  elevation  of  —81.1. 
The  sites  of  the  cofferdams  were  first  cleared  with  dipper  dredges,  the  west 
cofferdam  being  dredged  from  an  original  average  depth  of  2.3  ft.  to  an  average 
depth  of  10.7  ft.,  and  the  east  cofferdam,  from  an  average  depth  of  4.3  ft.  to  an 
average  depth  of  11.7  ft.  The  excavated  material  was  dumped  into  scows 
and  towed  to  dumping  grounds  in  Lake  Michigan.  The  only  dredging  paid 
for.  consisted  of  that  enclosed  by  the  cofferdams,  although  considerable 
dredging  was  done  outside  of  the  cofferdam  walls.  After  the  site  was  cleared 
the  foundation  piles  and  the  cofferdam  sheeting  were  driven.  ' '  Lackawanna  *  * 
arched  web  sheeting,  weighing  35  lbs.  per  square  foot  and  having  a  length  of 
40  ft.,  was  used  in  the  river  and  also  up  to  a  point  about  10  ft.  inland  where  it 
connected  with  6  X  12-in.  X  28-ft.  "Wakefield"  sheet  piling.  At  the  east 
side  of  the  river  the  steel  sheeting  was  extended  along  a  nine-story  reinforced 
concrete  building  and  a  one-story  freight  house  where  their  foundations 
appeared  to  be  in  danger. 

Six  brace  piles  were  also  driven  in  each  cofferdam  to  support  temporarily  the 
system  of  bracing.  The  waling  timbers  were  of  12  X  12-in.  pine  and  were 
suspended  by  cables  which  passed  through  holes  in  the  top  of  the  steel  sheet- 
ing. A  12  X  12-in.  post  was  set  on  top  of  the  upper  tier  of  waling  and  bolted 
to  the  steel  sheeting,  the  cables  and  posts  pretrenting  any  movement  of  the 
waling  due  to  the  changing  elevation  of  the  water  level  within  the  cofferdam. 
The  remaining  timbers  were  either  12  X  12-in.  pine  or  waste  pieces  of  piles. 
Where  timbers  butted  against  waling  pieces  a  4  X  12-in.  X  3  ft.  oak  block  was 
used.  Comer  braces  were  used  in  the  cofferdam  pockets  over  the  caissons. 
Four  sets  of  bracing  were  placed  in  each  dam — at  elevations  +0.5,   —6.0. 

—  10.0  and  —^.0,  the  bottom  of  the  main  excavation  being  at  elevation 

—  20.0.  •  The  tiers  of  bracing  were  separated  by  12  X  12-in.  posts  and  were 
tied  together  with  double  K-in.  tie  rods.  They  were  also  bolted  to  the  brace 
piles  where  convenient. 

One  12-in.  and  three  8-in.  centrifugal  pumps  were  required  to  pump  the  first 
6  ft.  of  water  from  the  west  cofferdam,  this  pumping  requiring  about  two 
hours.  From  this  level  a  6-in.,  or  an  8-in.  pump,  operated  from  time  to  time, 
was  sufficient  to  remove  the  water  from  the  cofferdam.  When  the  pumping 
began,  fine  ashes  were  distributed  along  the  outside  of  the  steel  sheeting,  whidi 
proved  very  effective  in  stopping  leaks.  No  other  means  were  employed  to 
make  the  sheeting  watertight. 

At  the  completion  of  the  work  all  the  material  composing  the  cofferdams  and 
bracing  was  recovered  except  the  "Wakefield"  sheeting  and  43  pieces  of  the 
"Lackawanna"  steel  sheeting. 

The  high  cost  of  pumping  given  in  Table  X  was  due  to  the  fact  that  it  was 
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to  iNimp  part  of  the  time  both  dagr  and  nigfat,  whidi  neoeuitated  the 
•mployinent  of  hoisting  engineen^as  pumping  engineer  for  24  hours  each  daj. 

Tables  X  and  XI  give  cost  data,  for  the  west  and  east  cotferdama,  on  the 
driving  of  wood  and  steel  sheet  piling,  the  pumping  of  water  from  the  ooffe#* 
dams,  the  bracing  of  the  cofferdams,  and  removing  them. 

Table  XII  gives  a  summary  of  the  labor  costs  of  constructing  and  rempyinf 

the  two  cofferdams. 

■  ,♦»■•'.,  _ .  ^ 

Tablb  X. — FoRca  Account  and  Labob  Cost  Data  pob  Wbst  CorPBBDAii 

Driving  Wood  Piles  and  Wood  Sheetinc  . 

Rate, 
Total       cts.  Total 

Item  hours     per  hr.  cost  Remarks 

Sorting    old    piles    and 

lumber U0.8  $      65.71 

Driving  11  22-ft.  pUca  at 

back  and  side  of  dam.      200  109.40    Rate.  4.4  piles  per  S-hr. 

day. 
Driving   6   30-ft.    brace 

pilca 25  18.67     Rate.  19.2  piles  per  8- 

nr.  day.  '• 

Driving  and  chaining   2 

12-piie  dumps,  45-ft. 

piles,  and  2  protection  ' 

piles S5  46.37     Rate,    26.0   piles   pef 

8-hr.  day. 
Building?  6X12-in.  X28 

ft.  Wakefield  sheeting 

comers 43  25. 95 

Driving  127  6X12-in.  X 

28-ft.  Wakefield  sheet- 
ing with  a^ore  driver.       451  '244.35     Rate  22H   sheets  per 

8-hr.  day. 
Prorated  charge 136  73. 00 

Total..    .:... 1.080.8       64         %    678.45 

Superintendence,    etc.. 

12.1  per  cent 130.7  69.99 

Grand  toUl 1.211.5       54         S     648.44 

Driving  Steel  Sheeting 
Preliminary  haivlling  of 

eteel  sheeting. 55  S      27.67 

Loading    steel    sheeting 

from  dock  to  scow..         80  53.08 

Driving    steel    sheeting, 
138  pieces  40-ft.  long 
and  3  pieces  25-ft.  long 
-115.13  tons 617  404.72     Rate,   18.3  pieces  per 

Prorated  charge 132  71.00 

ToUl 884  63        S     556.47     Cost.  7.2  hrs.  per  ton  » 

$4.83,   or  f3.94  per 
sheet;  av.  sheets  per 
day -13. 
Superintendence,    etc.. 

12.1  per  cent 107  67.34 

Grand  total 991  63        S    623. 81     Cost.  8.6  hrs.  per  ton  - 

S5.40.  or  14.44  ea6h: 
a.v.  %Vvefti^  ^e«t  V«». 

06 
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Installing     pumpa 
pumping  water 5,433. 5 

Handling  coal  for  pumps        58 

Placing  ashes  to  water- 
proof sheeting 1 ,096. 5 

Plugging     extraordinary 

leaks  in  dam 192.5 

Tending  boiler  plant  for 

pumping 449 

Total 7,229.5 

Superintendence,    etc., 

12.1  per  cent... 874.8 


Unloading  timber  from 
scow  to  cofferdam .... 

Placing  first  set  of  brac- 
in|f 

Placing  second  set  of 
bracing 

Placing  third  set  of  brac- 
ing  

Placing    fourth    set    of 

bracing 313 

Pr<n-ated  charge 

Total  (timber  used  « 
58,526  ft.  B.  M.,  of 
which  44,776  ft.  B. 
M.  was  12  X  12-in. 
waling  and  bracing.. 
Area  of  cofferdam  » 
4,424  sq.  ft.) 1,359^ 


Tablk  X. — iCantinued) 

Pumping  Water  from  Cofferdam 
and 


57 


$3.222. 30 
26.71 

447.41 

111.33 

284.58 

$4,091.33 

495.05 


8,104.3 

57 

$4 

,586.38 

Bracing  Cofferdam 

58 

S 

32.33 

2Z0H 

149.24 

430H 

246.08 

313 

195.81 

313 
14 

195.28 
7.60 

61 


%    826.34 


Superintendence,    etc., 

12.1  per  cent 164K 

Grand  total 1,525 


99.99 


61 


$    926.33 


Removing  braces  of  cof- 
ferdam   

Removing  pit  timbers. . . 
Pulling  141  pieces  steel 


Removing  Cofferdam 


209 
301 


sheeting  «  115.13  tons      800 


Prorated  charge. 


146 


Total 1.456 

Superintendence,    etc., 

12.1  per  cent 176.2 

Grand  total 1,632.2 


59 


59 


108.15 
146.84 

521.48 


79.30 

%    855. 7T 

103.55 

S    959.32 


58.526  ft.  B.  M.  at  23.2 
hrs.  per  M  «  $14.20, 
or  44,776  ft.  B.  M.  at 
2SH  hrs.  per  M  « 
$17.40.  100  sq.  ft. 
area  in  31  hra.  « 
$18.70. 


58,526  ft.  B.  M.  at  26 
hrs.  per  M  »  $15.90. 
or  44.776  ft.  B.  M.  at 
32  hrs.  per  M  « 
$19.40.  100  sq.  ft. 
area  in  35  hra.  ■■ 
$21.00. 


Pidled,  14.1  pieoes  per 
8-hr.  daay  «  $3.70 
each,  or  $4.53  per 
ton. 
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Driving  Wood  Piles  Bud  Wood  Sheeting 

RBte. 
TotBl         cU.  Total 

hours      per  hr.         cost  ReoiBrks 

ling  WBk«6eld 

am 12  S        4.80 

lOlpiMMWrnko- 
■heeOng.  0  X  13- 

:28-ft 876  204.80     Rate,  21H  pi«(^  per 

8-hr.  day. 
g  10  20-rt.  pilsB  Bt 

wbU 00  32.82     Rate.  13  piles  per  8-hr. 

day. 
M  and  «Af^j«fng  2 

pSo  clumps  of  45- 
pilM  and  4  protoo- 
B  piles 130  71.11     Rate.  17  piles  per  8-hr. 

day. 
lag  tt  brace  piles....         30  16.41     Rate.  24  piles  per  8-lur. 

day. 


lap    old    piles    and 


140.75     ..  65.71 

mtsdcfasigs... 106  50.00 

.'OUI 855.75     53         S     454.65 

^•rintendenoe,    etc., 

12.1  per  cent 103.55     ..  55.01 

Grandtotal 059.3       53         S     500.66 

Driving  Steel  Sheeting 
mding    sied    sheeting 

from  dock  to  scow....       258  S     171.06 

rinrifa^g  170  pieces  of 
atoel  sheetinf  40-ft. 
loaf  and  8  pieces  25- 
ftTlong  «  149.73  tons      605  461.13     Rate.  21  pieces  per 

hr.  day. 
rocmted  charge 172  03.50 

Total 1.125  63        S    725.70     Rate  13  pieces  per » 

day    "-   $4.00  « 
7H  lurs.  per  tor 
$4.80  per  ton. 
tperiniendence.    etc., 

19.1  percent 136.1  87.81 

Grandtotal 1.261.1       63        $    813.51     Rate.  UH  pieces  i 

hr.  day  -$4.48 
8H   hrs.  per  t 
$5.40  per  ton. 
Pumping  Water  From  Cofferdam 
ntaUing     pumps     and  • 

pumping  water 4.366  $2,623.56 

iandling  coal  for  pumps        84  18. 15 

lacing  ashes  for  water- 

proonng  sheeting 467  101.47 

Ingcing     extraordinary 

leaks  m  dam 48  27.86 

addling    parts   of    cof- 
ferdam         182.5  83.13 

rorated  charge 52  28.00 

Total 5.149.6       57         $2,972.17 

uperintendenoe,    etc., 
12.1  per  cent 623.1  806.08 

OnadtoUl 5.772.%      67         $8,278.20 
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Tablb  Xh—iContinued) 

Bracing  CofFerdftm 
Umoading  timber  from 

BOOW 

Waling  and  mud  sills  for 

back  wall 

Placing  first  set  of  brao- 

in^f 

Placm^    second    set    of 

bracing. . . .  *  ^ 

Placing  third  set  of  brac- 

in|f 

Placm^    fourth    set    of 

bracing 

Prorated  charge 

Total  (lumber  used, 
62«845  ft.  B.  M.,  of 
which  50.646  ft.  B.  M. 
was  12  X  12-in.  waling 
and  bracing.  Are^  of 
cofferdam  «  4,655  sq. 
ft.)  1,568 


105 

S   55.57 

45 

24.16 

322 

209.30 

467.5 

290.23 

270 

170.65 

339.5 
19 

213.26 
10.50 

62 


Superintendence,    etc., 
12.1  cent 

Grand  total 


%    973.67     62.845  ft.  B.M.  at  24H 

hrs.  per  M.  «$15.50. 

50.646  ft.  B.  M.  at  31 

nrs.  per  M.  « $19.60. 

100  sq.  ft.  area  in  33.2 

hrs.  »  S21.00. 


189.7 


117.81 


1.757.7       62         $1,091.48 


Removing  Cofferdam 

Removing  bracing  of  cof- 
ferdam        401  $     233.66 

Removing  timbers  from 

pit 139  67.85 

Sawing  off  back  line  of 

Wakefield  sheeting. ...         38  1 5 .  20 

Burning  off  43  pieces 
steel  sheeting  at 
ground 32  16. 66 

Pulling  138  pieces  steel 
sheeting  »  113M  tons       558  3.'>7.23 

Prorated  charge.... 96  52.10 

Total 1 .264  59         S     742.70 

Superintendence,    etc., 

12.1  per  cent 162.9  89.87 

Grand  total 1.416.9       59         S     882.57 


62.845  ft.  B.  M.  at  28 
hrs.  per  M.  -$17.70. 

50.646  ft.  B.M.  at  34.7 
hrs.  per  M.  «$21.60. 

100  sq.  ft.  area  in  37.7 
hrs.  «  $23.40. 


Bum  about  7  per  hr. 
The  32  hrs.  includes 
helpers'  time. 

Rate  20  pieces  per  8-hr. 
day.  $2.59  each  « 
$3.14  per  ton. 
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Wett  dMjsk EMt     (Urn Both 

Per  Per                          Tm 

cent  oent                        oent 

Total          of          TotiU  of          Total          of 

coet         total         cost  total         oOTt         total 

g     oUes     and 
I    for    coffer^ 

$1,272.25     16.4     $1,228.17  20.S  $  S.WA.tf    18 

C   water   from 

un 4.580.88     50.2      8.278.20  50.2      7.864.58    55.4 

eoffenUm....         926.88     11.05     1.001.48    16.7      2.017.81     14 

ig  colferdam. .         050.32     12.45        882.57  12.8       1,701.80     12.6 

r1 $7,744.28  100        $6.5M.42  100      $14,960.70  100 


'MueeOaneoui  Work. — The  mlaeeUaneoufl  work  included  the  following 
laldng  preliminary  borings;  fumiahing  abowa  and  other  supporU  for 
lea  during  the  taking  of  measuiementa  aeroM  the  river;  metrrnj  tim- 
lewer  diversions;  building  and  removing  shed  for  storage  of  cement : 
ig.  supporting,  maintaining,  and  restoring  adjacent  buihUngs  affected 
onstructfon  of  the  cofferdams  and  subetructuie  (no  work  required  as 
I  were  not  damaged) ;  providing  office  space  and  tempomy  teJephone 
luring  construction.  The  lump  sum  bid  for  this  work  ww  $010.  The 
were  made  by  the  dty.  One  of  the  ofBces  given  below  WW  18  X 
ft.  high  and  the  other.  10  X  20  X  0  ft.  higfa< 
ctual  labor  cost  for  this  work  was  divided  aa  follows: 

Total  Total 

hours  oQSt 

hrerting  5-ft.  east  sewer  into  140-ft.  wooden 

1.522.8  $    760.8$ 

B  4-ft.  west  sewer  into  146-ft.  wooden  flume. . .  427 . 1  186.00 

!ting  two  offices,  3.100  ft.  B.  M.  lumber  uaed...  170.80  108.01 

neous  work 078.50  480.40 

[average  wace  rate,  48  ota.  per  hour) 3 .008. 88      $1 ,488. 81 

-ExeatiUian. — The  price  bid  for  excavating  the  site  of  the  pien.  tail 
abutments,  including  the  neceasary  back-fill,  was  $1.20  per  eubio 

ccavation  naturally  divides  itself  into  three  dassea:  that  removed  by 
;  the  excavation  outside  of  the  cofferdams;  and  the  excavation  within 
rdams.    Before  excavation  was  commenced  soundings  were  taken  so 

river  bottom  at  the  bridge  site  could  be  accurately  plotted.  TImb 
he  cofferdams  were  then  dredged  and  the  dama  constnicted.  Later, 
set  of  soundings  was  taken,  and  the  actual  quantity  of  material 
from  the  cofTerdams  by  dredging  was  computed  to  be  2,651.5  cu.  yds., 
19  about  39  per  cent  of  the  total  excavation.  The  material  within  the 
ns  was  soft,  blue  clay  and  this  was  excavated  by  hand,  the  material 
jidled  in  buckets  by  derricks  into  dump  scowa  and  towed  to  the 

grounds  in  Lake  Michigan.  The  excavation  outside  of  the  eofller- 
indpally  at  the  site  of  the  abutmenta,  was  also  day.  The  labor  of 
»ff  the  foundation  piles  was  Induded  in  thai  dasaUM  vbdAkx  «kfiKv%- 
'ie  tottU  and  unit  Ultor  costs  of  excavation  axe  ^vtui  Vn  TiikAft 
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Tablb  XIII. — ^Labob  Cost  of  Excavation 

Total        Rate,  ota.         Total 
Item  •  hours  per  hr.  ooet 

Dredging  Within  Cofferdams 

Dredging,  2,6dl.5  cu.  yds 2,168  $     712.43 

Proratea  charge 95  37.81 

Total 2,263  83  <     749.74 

Cost  per  cu.  yd.  (0.816  hrs.)  =  $0,268 
Superintendence,  etc.,  12.1  per  cent 273.8  90.72 

Grand  total 2,636.8  83  $     840.46 

Cost  per  cu.  yd.  (0.96  hrs.)  »  S0.32 

Excavation  Outside  of  Cofferdams 
Excavation  for  east  and  west  abutments, 

1,389.7  cu.  yds 1,660  48           $     800.03 

Prorated  charge 76  . .                    42 .  00 

Cost  per  cu.  yd.  (1.2  hrs.)  «  S0.6S 

Total 1,736  $     842.03 

Superintendence,    etc.,     12.1    per    cent        209.9  ..  101.89 

Grand  total 1.944.9  48  $    943.92 

Cost  per  cu.  yd.  (1.4  hrs.)  »  $0.68 

Excavation  Outside  of  Cofferdams 

Excavation.  2,949  cu.  yds 6,268  . .  $3, 136. 53 

Prorated  charge 280  . .  166. 31 

Total 6,538  51           $3.302. 84 

Cost  per  cu.  yd.  (2.2)  hrs.  *  $1,065 

791.1  399.64 

Superintendence,  etc.,  12.1  per  cent —  

Grand  total 7,329.1  61           $3,702.48 

Cost  per  cu.  yd.  (2.6  hrs.)  >■  $1.25 

Back-fiU 

Back-fiU 667  43  $     289.56 

Prorated  charge 30  14. 50 

Total 697  ..  $     304.05 

Superintendence,  etc.,  12.1  per  cent 84.3  36.67 

Grand  total 781.3  43  $    340,72 

Grand  total,  all  items,  6,990.2  cu.  yds. . .      12 .  692 . 1  46  $6 ,  826 .  68 

Cost  per  cu.  yd.  (1.8  hrs.)  »  $0.83 

"  E'* — Oak  Timber  in  Place.— The  price  bid  for  the  oak  timber  used  in 
constructing  docks  and  pier  protection,  bumping  timbers  in  tail  pits  and 
permanent  sheet  piling,  including  all  labor,  timber,  tools,  bolts,  nuts,  washers, 
spikes  and  other  appurtenances,  was  $62.40  per  M.  ft.  B.  M.  in  place.  The 
quantity  of  oak  lumber  placed  was  5,664  ft.  B.  M. 

Tablb  XIV. — ^Labob  Cost  or  Placxno  Oak  Timbbb 

Rate,  Per  1,000  ft. 

Total         cts.  Total     B.  M. 

Item  hours      per  hr.         cost      Hours       Cost 

Placing  6,564  ft.  B.  M.  oak 376  63         $236. 17       68         $42. 60 

Prorated  charge 11  4 .  66  

Total 386  $240.83      69         $43.00 

Superintendence,    etc.,    12.1    per 

cent 46.7  29.14       

GranH  total 432.7        63        $269.97      78        $48.50 
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The  high  coflt  of  this  work,  given  in  Table  XIV,  is  mainly  due  to  the  small 
(uantity  of  timber  used  and  to  the  large  amount  of  cutting  and  fitting 
equired.  The  excavation  required  for  a  part  of  the  sheeting  also  increased 
bB  co8t  considerably. 

"F" — Pine  Timber  in  Place. — The  price  bid  for  the  pUie  timber  used  in 
XMUtnicting  docks,  pier  protections,  etc..  Including  all  labor,  timber,  tools, 
tMlts,  nuts,  washers,  spikes  and  appurtenances,  was  $30.00  per  M.  ft.  B.  M. 
The  amount  of  pine  timber  placed  was  5,128  ft.  B.  M 

The  high  cost  of  placing  this  timber,  given  Ui  Table  XV,  was  due  to  the  nme 
causes  as  were  given  for  placing  the  oak  timber. 

Tabls  XV. — Labor     Cost  of  Px<acing  Pink  Timbbb 

Rate,  Per  1,000  ft. 

ToUl         eta.         Total    B.    M. 

Item  hours      per  hr.       cost        Hours       Cost 

Placing  5,128  ft.  B.  M.  pine 406  57         1284 .48         07       S55. 50 

Prorated  charge 41  22.30       

Total 587  $306.78       105       860.00 

Buperintendenoe,    etc.,    12.1    per 

cent 66  ..  87.12       

Orandtotal 602  57        $343.00       117       $67.00 

*'0" — Teat  Piles. — The  price  bid  for  furnishing  and  driving  four  60-fl. 
test  piles  was  $120.  These  piles  were  located  so  as  to  be  used  later  as  pro- 
tection and  foundation  piles.  The  plant  used  was  one  pile  driver.  The  actual 
labor  cost  for  this  work  was  divided  as  follows: 

Total        Total 
Item  hours  cost 

For  driving  four  60-ft.  test  piles  (cost  per  foot,  IIH  ets.;  rate 

per  8-hour  day,  6.4  pUee) 50  $27.35 

Prorated  charge 11  4. 55 

Total 61  $31.00 

Buperintendenoe,  etc,  12.1  per  cent 7.88  3.86 

Grand  toUl 68.88      $35.76 

Average  labor  cost,  52  ct.  per  hour;  rate  per  8-hour  day,  4.7  piles. 

"H"  and  "/** — Fumithino  Oak  and  Nortoay  Pine  Pilea. — The  piles  under 
the  abutments  were  only  about  25  ft.  long,  this  short  length  being  used  so  as 
not  to  interfere  with  the  future  subway  construction  at  this  location.  The 
remaining  foundation  and  protection  pUes  were  about  45  ft.  long.  The  cost 
of  these  piles  delivered  was  as  follows: 

Oak  pUes.  7,182  Un.  ft.  at  18  cts $1 .202.76 

Norway  pine  piles,  5.100  lin.  ft.  at  16  cts 816.00 

Total $2. 108.76 

"  /" — Driving  PUee. — The  bidding  price  below  cut-off  for  driving  piles  In 
foundations,  piers,  pier  protections,  abutments,  outside  w«2I\b  vckA.  ^Q«^>teiMk 
waa  IIH  eta.  per  JJnear  foot.     There  were  320  pitea,  9,WA  Vixi.  1X.«  %c\>Ma^ 
tmed,  the  bidding  price  tor  this  item  being  $1,138.78. 
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The  actual  faibor  cost  of  ditving  these  piles  was  diyided  as  follows: 

Total  Total 

Item  hours  cost 

Driving  piles  (320  piles,  9,002  lio.  ft. .  below  cut-off) 1 .  466  $     799 .  90 

Proratecf  charge 266  144 .  00 

Total 1.732  $     943.90 

Superintendence,  etc.,  12.1  per  cent 209.45  114 .21 

Grand  total 1,940.45     tl,058.11 

Cost  (exclusive  of  prorated  charge  and  superintendence),  8  cts.  per  linear  foot 
below  cut-off;  rate,  17.4  piles  per  8-hour  day. 

Cost  (including  prorated  charge  and  superintendence),  11  cts.  per  linear  foot 
below  cut-oft;  rate.  13  piles  per  8-hour  day> 

"  K*' — Concrete  in  Tail  Pits,  Outside  WcUh,  Sewers,  Abutmtnts  and  Foot- 
tna«-— The  price  bid  for  the  concrete  in  the  piers,  tail  pits,  outside  walls, 
sewers  and  sewer  outlets,  abutments,  footings,  etc.,  including  all  labor, 
materials,  forms,  etc.,  was  $7.25  per  cubic  yard.  This  concrete  work  did  not 
include  that  in  the  caissons,  which  was  let  under  a  separate  item.  The 
quantity  of  concrete  placed  was  3,604  cu.  yds. 

The  concrete  used  for  this  work  and  also  for  the  caissons  was  a  1 :2:5  mix. 
Part  of  the  sand  u§ed  was  bank  torpedo,  hauled  in  by  cars  and  teamed  to  the 
site;  the  remainder  was  Lake  Michigan  torpedo  sand,  brought  to  the  site  by  a 
sand  sucker  and  unloaded  by  two  clam-shell  buckets  onto  a  moving  belt 
attached  to  a  60-ft.  boom.  By  this  arrangement  the  sand  w4s  placed  prac- 
tically where  it  was  wanted.  The  crushed  stone  used  was  brought. in  l^ 
teams  and  boats;  that  delivered  in  boats  being  loaded  on  skips  at  the  quarry 
and  unloaded  at  the  site  by  a  derrick. 

The  mixer  on  the  west  side  of  the  river  was  set  on  top  of  the  approach  and 
the  concrete- chuted  into  place.  The  materials  were  measured  in  wheel- 
barrows, a  batch  being  about  H  cu-  yd.  The  capacity  of  the  mixer  was  H 
cu.  yd.    Most  of  the  chutes  were  built  of  2  X  12-in.  plank  and  were  unlined. 

At  the  east  side  of  the  river  an  85-ft  wooden  tower  was  used.  The  sand 
Was  delivered  by  boat.  The  tower  was  4  ft.  9  ins.  by  6  ft.  3  ins.,  and  was 
built  of  6  X  6-in.  posts  and  2  X  d-in.  braces.  The  main  distributing  chute 
was  set  at  an  angle  of  about  30°  with  the  horizontal.  The  same  mixer  was 
used  as  for  the  west  side. 

The  forms  were  built  of  2  X  8-in.  planks  and  4  X  6-in.  studs  placed  about 
3  ft.  apart.  The  forms  on  the  inside  of  the  pit  and  on  the  outside  above  the 
^ater  line  were  D  and  Af  lumber. 

,  Table  XVI  gives  the  labor  costs  for  the  concrete  work  imder  item  "K." 
;  "Zr" — Cement  Mortar  for  facing  and  Waterproofing. — The  price  bid  for 
Furnishing  and  placing  the  Portland  cement  mortar  used  for  facing  and  for 
nraterproofing  the  courses  in  the  tail  pits  was  $11.00  per  cubic  yard.  The 
[quantity  of  mortar  placed  was  357  cu.  yds. 

The  mort^  used  for  this  work  was  a  1:2  mix.  A  6-hi.  horizontal  mortar 
course  was  placed  at  elevation  — 18,  or  about  in  the  center  of  the  tall  pit  floor, 
uid  extended  frbm  this  course  on  the  outside  of  the  tail  pit  walls  to  eleva- 
tion — 2,  where  the  thickness  was  reduced  to  4  ins.  From  elevation  -f-2  to  the 
tops  of  these  waUs  tbi^  thickness  of  the  mortar  course  was  2  ins.  The  Inside 
of  the  pit  had  a  3-in.  mortar  finish  on  the  floor  and  a  2-in.  course  on  the  sides. 
The  small  walla  on  the  outside  of  the  main  piers  were  merely  spaded,  as  were 
the  abutments. 
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r  Taslb  XVI.— Labob  Covn  or  Conobbtb  Unbbb  Itbm  "K" 

Rate,  Unii-ocMta 

Total        eta.        Total        Per  cu.    yd, 
V         Itom  hxa.       par  hr.       ooat         Hia.     Coat 

>  Mixinc  and  Pladnc  Conoreto,  3.004  Cu.  Yda. 

^     Labor 7.228.5      46      $3,343,712.00    $0.03 

I    Pirorated  charge 570.5  258.00 


y 


Total 7.700          46      $8,601,712.16    $1.00 

Supt..  etc..  12.1  % 043.7  435.81 

Grand  total 8.742.7       46       $4,037,52  2.44     $1.S0 

BuUdinc  Forma.  88.340  eq.  ft.* 

Labor 3.020 

Prorated  charie 303 

Total 4.332 

Supt..  etc..  12.1  % 512.1 


Grand  toUl  (38.340  eq.  ft.,  3.604 

cu.  yda.) 4.744.1 

Stripping  Forma 

Labor 1.004.5 

Prorated  charge 77 . 3 

ToUl 1.081.8 

Supt..  etc..  12.1  per  cent 130.0 

Grand  toUl 1.212.7 


60 

•  • 

$2,337.40  1.00 
186.00  .... 

$0.65 

60 

•  • 

$2,528.40  1.17 
305.34  .... 

$0.70 

60 
50 

•  • 

$2,828.83  1.32 

$  505.28  0.28 
39.06  .... 

$0.73 
$0.14 

50 

•  • 

$  544.34  0.30 
65.87  .... 

$0.15 

50 
61 

$  610.21  0.34 
$7,476.56  2.0 

$0.17 
$3.10 

Grand     toUl.     all      itemB 14.690. 5 

*  The  unit  coats  per  8<|.  ft.  of  forms  were  about  one  tenth  of  the  eoat  per  ou.  yd. 
being  $0,061.  0.066  and  0.07.'). 

The  same  plant  waM  used  for  thin  work  aa  for  the  concrete  work.  The  mor- 
tar  ¥ra8  held  in  place  by  1-ft.  luortar  boards.  These  boards  vi'ere  set  up  against 
the  forms,  and  the  concrete  waM  placed  up  to  their  tops.  The  mortar  was 
tben  placed  in  the  space  between  the  forma  and  the  mortar  boards.  The 
boards  were  thra  raided,  and  the  operation  was  repeated.  The  concrete  was 
tbus  placed  in  1-ft.  horizontal  layers  and  the  mortar  placed  against  the  con- 
crete while  the  latter  was  still  green. 

Table  XVII  gives  the  labor  costs  of  mixing  and  placing  the  mortar  courses. 

Tablx  XVII. — Labob  Costs  or  Mxxing  asd  Placing  Mobtab  Couaaaa 

Rate. 

ToUl      eta.  Total         Per  cu.  yd. 

Item  hrs.      per  hr.  cost  lira.       Cost 

Mixing  and  placing  mortar.  357  cu. 

yds  .    .  1.612  44       $    706.92     4.5       $1.08 

Prorated  charge . .  ..  .411.6  212.40     


Total.    .  2.023.6       45       $    910.32 

8upcrint<*iul«-iirf.  etc..  12.1  p4^r  cent.     244.9  111.24 


Grand  total  .        .2.268.5       45       $1,080.56     6.3       $2.00 

"  M'^—Concretf  Shaft  Foundatiom  from  Elnation  -20  (o  £i«talton  -45. 
The  price  bid  for  completed  concrete  shaft  foundations  below  elevation  —20 
and  above  elevation  —45  was  30 Vi  cts.  per  cubic  foot  (net  volume).  This 
price  inrJuded  cont  of  excavation,  removal  of  water,  removal  of  boulders  of 
less  than  20  cu.  ft.  each,  and  fumiahinf  of  all  laboT,  Yn%^fttVa3iB«  Vy^a^  isdir 
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chinery,  etc.,  necessary  to  do  the  work  (except  steel  sheeting  and  reinforcing 
bars).  The  quantity  of  concrete  placed  was  18,648  cu.  ft.,  making  the  price 
bid  for  thia  item  $7319.34. 

The  concrete  caiss(m  fomidations  were  divided  into  two  parts,  the  rec- 
tangular portion  from  elevation  —20  to  elevation  —45  and  the  circular 
portion  from  elevation  —45  to  bed  rock.  The  upper  was  already  lined  with 
steel  sheeting;  therefore  it  was  only  necessary  to  place  the  bracing,  which  con- 
sisted of  6  X  12-in.  and  12  X  12-in.  pine  spaced  about  5  ft.  apart,  as  the 
excavation  proceeded.  The  material  encountered,  down  to  elevation  —45 
was  blue  clay  and  could  be  removed  with  shovels.  It  was  first  hoisted  by 
means  of  tripods  and  windlasses  and  later  with  the  derrick,  the  latter  being 
more  economical.  The  waste  material  was  towed  in  dump  scow  to  Lake 
Michigan  for  disposal.  The  price  bid,  39H  cts.  per  cubic  foot,  included  the 
concrete  work.    The  concrete  plant  is  described  under  item  "  K." 

Table  XVIII  gives  the  labor  costs  for  the  concrete  shaft  foundations  be- 
tween elevation  —20  and  elevation  —46. 

Tabud  XVIII. — Labor  Costs  of  Coifcnjanb  Shaits  Bbtwbbn  Elbvationb 

-20   AND     -46 

Rate, 
Total        cts.  Total        Percu.yd.* 

Item  hrs.      per  hr.        cost  Hrs.     Cost 

Preliminary  Work  and  Excavation 
Loading  and  unloading  from  scow 

the  lumber  for  bracing 32         $       16.88     

Excavating  and  bracing  caissons  from 

El.  -20  to  El.  -46 2.470.5     60  1,244.28     3.68     $1.80 

Prorated  charge 320         174. 57     

Total 2.822.6     61         $1,436.73     4.1       $2.08 

Superintendence,  etc.,  12.1  per  cent      341.6     173.72 


•  • 


Grandtotal 3.164.0     61         $1,609.45    4.6       $2.32 

Concreting  between  Elevation  —  20  and  Elevation   —  46 
Concreting  of  upper  part  of  caisson.   1,392.3     47         $     640.41     2.0       $0.04 
Prorated  charge 60. 1     26. 90 


•   • 


Total 1,462.4     47         $     676.31     

Superintendence,  etc.,  12.1  per  cent.       175.7 81.83     

Grandtotal 1.628.1     47         $    768.14     2.36     $1.10 

Grand      total,     excavating     and 

concreting 4.792.1     49.6     $2,367.69     6.96     $3.43 

•  Per  cubic  foot;  0.258  hrs.;  $0,127. 

••  O" — Sted  Sheeting  /or  Concrete  Shafts. — The  price  bid  for  the  steel  sheet- 
ing used  for  the  shaft  foundations,  including  furnishing  of  same,  driving  and 
leaving  in  place  was  2.6  cts.  per  pound.  It  was  specified  that  the  sheeting 
must  weigh  at  least  35  lbs.  per  square  foot.  The  length  of  the  steel  sheeting 
was  25  ft.  its  top  being  at  elevation  —20.5  and  its  bottom  at  elevation  — *45.5. 
"Lackawanna"  arched  web  sheeting,  weighing  35  lbs.  per  square  foot  was 
used.  The  size  and  shape  of  the  top  portions  of  the  sub-foundation  piers 
were  changed  to  10.5  ft.  square  for  the  river  caissons  and  8  ft.  2  ins.  by  9  ft. 
4  ins.  for  the  anchor  pier  shafts,  to  accommodate  the  sheeting  and  at  the  same 
time  give  the  same  area  as  called  for  in  ttie  original  plans.  The  sheeting  was 
all  driven  with  a  floating  pile  driver,  before  the  cofferdams  were  dosed,  so  as 
not  to  blockade  the  river.    The  method  of  procedure  was  as  follows: 
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jrner  sheet  was  first  placed.    This  sheet  was  then  plumbed  very  care- 
in  one  direction  with  a  transit  and  in  the  other  by  a  hand  level.    It  was 
en  into  the  mud  far  enough  so  that  its  top  was  Just  abore  the  water.    Ths 
laining  sheets  on  this  side  of  the  shaft  were  then  placed,  particular  atten- 
1  being  given  to  the  other  comer  to  insure  its  being  vertical.    The  two 
loent  sides  of  the  caissons  were  set  stmultaoeously,  care  being  taken 
ceep  the  correct  distance  between  them.    The  opposite  wall  was  then  set. 
should  be  noted  that  the  sheets  were  merely  set  in  place  in  the  mud,  aU 
ir  tops  being  above  water. )    The  sheeting  was  then  driven  by  using  another 
ft.  steel  sheet  as  a  follower.    Two  steel  lugs  were  bolted  to  the  sides  of  the 
lower  at  the  bottom,  to  keep  it  in  place  on  the  first  sheet.    The  *'  Worth- 
iton"  steam  hammer  used  for  this  work  was  an  additional  help  in  keeping 
M  follower  in  place.    A  total  of  264  pieces,  weighing  180.74  tons,  was  used. 
Tftble  XIX  gives  the  labor  cost  for  this  work. 

Table  XIX. — Labob  Cost  or  Dbiving  Stbbl  Shbbtino  roB  SHAm 

• 

Rate. 
Item  Total   cts.     Total 

hra.  per  hr.    oost 

Preliminary  handling  of  sheeting 125  $      66. 80 

Placing  lugs  on  followers 50. 5  21 .  14 

Total 175.5    50      $      88.08 

Superintendence,  etc..  12.1  per  cent 21.2  10.65 

Grand  toUl 106.7     50      $      08.68 

Driving  Steel  sheeting 

Drivinic  steel  sheeting 2.560.5     . .       $1,675.08* 

Prorated  charge 454  245.00 

Total 8.014.5    64       $1,020.06 

Superintendence,  etc.,  12.1  per  cent 364.8     . .  282.33 

Grand  total 8.870.8     64       $2.152.41t 

Grand  toUl.  preUminary  and  driving 3.576        63      $2.261.00t 

*  Av.  SJi  pieces  per  8-hr.  day:  18.3  hrs.  per  ton;  $11.00  per  ton. 

t  24.2  hrs.  per  ton,  or  $15.50  per  ton. 

i  A  v.  5.6  pieces  per  8-hr.  day;  26.0  hrs.  per  ton;  $16.80  per  ton. 

"  P" — Reinforcing  Bart  for  Concrete. — The  price  bid  for  furnishing  and  plac- 
ing the  steel  reinforcement  in  the  concrete  cylinders,  shafts,  foundations,  pien, 
pit  constructions,  outside  walls,  and  abutments  was  2  cts.  The  amount 
placed  was  72.85  tons. 

The  labor  costs  of  this  work  art>  given  in  Table  XX. 

Tablb  XX. — Labob  Com  or  Placino  lUuNroBciNa  Babs 

Rate. 
Total     eU.        Total    — Per  ton— 
Item  'hrs.    per  hr.      cost      Hrs.    Cost 

Unloading,     sorting     and     misceliaheous 

handUng  of  bars 160  $  78. 58 

Placing  bars.  72.86  tons 027.6     . .         487.68 

Total 1.087.5    47       $516.21  14.0  $7.07 

Superintendence,  etc.,  12.1  per  cent 181.6  62.46 

Grandtotal 1.219.1     47       %^^%  .^1  \^  .^  V  »V> 
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"  Q" — Handling  and  Setting  Substructure  Sted. — The  price  bid  for  handling 
and  setting  Bubetructure  steel  (furnished  by  contractor  for  the  superetmc- 
ture)  was  3  cts.  per  pound.    The  amount  of  steel  set  was  102.27  tons. 

The  steel  set  consisted  principally  of  four  "  knocked  down  "  trusses  spanning 
ttie  caissons,  two  anchor  columns,  one  floorbeam  connecting  these  columns, 
and  four  large  anchor  bolts  for  each  side  of  the  riyer.  The  cofFerdam  bracing 
was  designed  so  as  to  avoid  interfering  with  the  erection  of  these  substructure 
trusses.  The  pieces  were  all  handled  by  the  derrick,  being  fastened  together 
with  turned  bolts.  These  >  trusses  were  set  in  place  before  any  part  of  the 
main  piers  was  concreted*  When  the  concrete  reached  the  i^oper  height 
the  anchor  columns  and  floorbeam  were  set,  particular  care  being  taken  to  set 
them  accurately. 

Table  XXI  gives  the  labor  costs  of  handling  and  setting  the  substructure 

steel. 

Tabub  XXI. — Labor  Costs  of  Placinq  Substructube  Stbsl 

Rate, 
.  Total      ct8.  Total      — Per  ton — 

Item  hrs.     per  hr.        cost        Hrs.      Coet 

Handling  steel  from  cars  to  site 177 

Bolting  and  eredang 1 ,  154 


Total 1,331 

Prorated  charge 133 


Total 1,464 

Superintendence,  etc.,  12.1  per  cent.. .        177. 1 


93.76  1.7  $  0.92 
803.83  11.3   7.90 


807.50  13.0  $  8.80 
73.78  


971.37 
117.54 


Grandtotal 1.641.1     67       »1.088.91  16.0  tlO.65 

Note.-^Derrick  and  derrick  scow  were  used  about  10  days  each. 

"  R" — Furnishing  and  Erecting  Structural  Sted. — The  price  bid  for  furnish- 
ing and  erecting  structural  steel  was  2.5  cts.  per  pound.  The  quantity 
placed  was  9,136  lbs. 

This  steel  was  principally  chains  for  the  pile  clumi>s,  and  the  work  was  so 
closely  allied  to  the  pile  driving  that  its  labor  cost  was  merged  with  the  cost 
of  pile  driving. 

"S" — Diverting  and  Extending  Sewer. — ^The  price  bid  for  diverting  and 
extending  the  5-ft.  sewer  (two-ring  brick  construction),  including  excavation, 
was  $9.60  per  linear  foot. 

As  the  sewers  on  each  side  of  the  river  were  located  in  the  center  of  the  street, 

it  was  necessary  to  make  a  temporary  diversion  to  the  side  while  construction 

was  being  carried  on.     The  above  price,  $0.60  per  linear  foot,  included  the 

connection  from  the  original  sewers  to  the  new  outlets.    The  cost  of  the 

emporary  diversion  was  Included  in  item  "  C."    On  the  west  side  of  the  river 

1.1  ft.  of  new  sewer  were  built,  and  on  the  east  side  19.5  ft.  were  constructed. 

*actically  all  of  this  construction  was  on  a  curve  and  through  a  15-ft.  cut. 

tie  cost  of  this  work  is  given  in  Table  XXII. 

Tabub    XXII. — ^Labob   Cost   of    Constructino    5-Ft.    Sbwbr 

Rate, 
Total      cts.        Total     Per  linear  ft. 
Item  hrs.    per  hr.      coet      Hrs.       Cost 

zoavaling   in    day,    bracing    trench, 
pumping,  lasting  2-ring,  5-ft.  sewer, 

and  backfilling 1,498       52.5    $787.41     22       $11.31 

Superintendence,  etc.,  12,1  per  cent 181.3   ....         95.28     

Total 1,679.8  52.5     $882.69    24      $12.70 
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'^imerete  ShaflM  Below  Bletation  —45. — The  price  bid  for  completed 
^  shafts  below  elevation  -46  was  47H  cts.  per  cubic  foot.  This 
included  the  cost  of  excavation,  removal  of  water,  removal  of  boulders 
B  than  20  cu.  ft.  each,  furnishing  and  placing  all  lagging  and  Iron  or  steel 
.  and  all  equipment  for  doing  this  work.  This  price  did  not  include 
orcing  bars.  The  total  quantity  of  concrete  placed  was  14,601  cu.  ft., 
concrete  being  a  1:3 :.5  mix. 

ie  part  included  in  this  item  Is  the  circular  portion  of  the  shaft  foundation. 

iver  pier  and  the  anchor  pier  cylinders  being  8  ft.  and  7  ft.  in  diameter. 

actively.    These  diameters  were  adhered  to  as  doeely  as  possible.    The 

erial  down  to  elevation  —60  could  be  removed  with  shcrvels;  but  from  this 

ation  to  bed-rock,  at  an  average  elevation  of  -81.  it  first  had  to  be 

ijened  with  grubs.    The  clay  overlying  the  rock  was  impregnated  wHh 

.-svel  and  small  boulders,  and  directly  above  the  rock  there  was  a  thin  l«yer 

jlack  sand,  slightly  water-bearing.    The  excavated  material  was  disposed  of 

in  the  same  manner  as  in  the  upper  part  of  the  shaft,  tripods  and  windlasses 

being  first  tried  only  to  be  discarded  for  the  derrick,  which  hoisted  the  material 

from  the  four  caissons.     The  lagging  used  was  3  X  6-in.  tongue-and-groove 

lumber,  in  3-ft.  and  6-ft.  lengths.    The  lagging  was  held  in  place  by  ^i-ia.  by 

4  and  5-in.  iron  rings  spaced  about  3  ft.  apart. 

Table  XXIII  gives  the  labor  coittM  for  constructing  the  concrete  shaft 
foundations  below  elevation  —  4/>. 

Tabls  XXIII. — Labor  Costs  or  Concrbtb  Shafts  Bklow  Euevation  —46 

Excavation 

Rate. 
Total      eta.         Total     Per  cu.   yd.* 
Item  hra.     per  hr.        cost         Urs.     Cost 

Setting   windlasses  and  building 

material  platforms 483  $     200. 31    

Excavating  oaiuona  from  Kl.  —  46  to 

roclc 6.250         60        2.644.10    0.7     $4.00 

Prorated  charge 533  291 .  02 

Total 0.266         60       $8.135.43  11.6    $6.80 

Superintendence,  etc..  12.1  per  cent..       758.2  370.39 

Grand  total 7.024.2     60       $3.614.82  13.0     $6.60 

Concreting 

Conrrrto  shafts  below  El.  -  45 1.108.4     47       $     644.37     2.16  $1.00 

Prorated  charge 408  206. <i2 


Total 1.570.4     48       $     7.50.99     2.92  $1.38 

Superintendeuce.  etc.,  12.1  per  cent..  .        190.7  90.87 

Grand  total 1.707.1     47       $     841.86     3  27  $1.55 


Grand  total,  excavating  and  concre- 
ting  8.791.3     50       $4,356.08   16.27  $8.05 

•  Per  cubic  foot:  O.C  hrs.;  $0.30. 

Cost  of  Abutment  Masonry  and  Slope  Paving  for  ESghway  Bridge  Founda- 
tions Illinois  and  Mississippi  CanaL — The  following  matter,  complied  from 
data  collected  by  Fn*d  W.  Ilonen^i.  U.  S.  Engineer's  Office.  Kansas  City.  Mo., 
is  given  in  Engineering  and  Contracting,  April  20.  1910. 

To  carry  highways  across  the  Illinois  &,  Mississippi  Canal  required  67 
bridges.  Except  for  one  swing  bridge,  three  lift  bridges  and  two  apedal 
bridges  at  locks,  tiicne  bridges  arc  fixed  truss  bridges  on  concrete  abutments, 
lliree  typen  of  structure  were  employed. 
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1.  On  the  eastern  section  generally  the  atnitments  were  U  shmDed  and  the 
superstructures  were  pony  Warren  trusses  of  100-ft.  spans  and  14-ft.  dear 
roadway. 

2.  On  the  western  section  generally  the  abutments  were  wing  abutments 
and  the  superstructures  were  110-ft.  Pratt  trusses.  The  wing  abutments 
were  23  ft.  long  and  16  ft.  high,  with  18-ft.  wings  at  an  angle  of  80**. 

3.  On  the  feeder  canal  a  three-span  structure  carried  on  straight  abut- 
ments and  two-tower  piers  was  employed.  The  main  75-ft.  spans  were  pony 
Pratt  trusses  and  the  two  approaches  were  stringer  spans  of  21  ft. 

On  the  main  canal  the  bridges  had  a  clearance  of  17  ft.  over  the  water.  On 
the  feeder  canal  the  clearance  was  reduced  to  12  ft.  The  following  data 
relate  to  the  structiu^s  used  on  the  western  section  of  the  main  canal. 

The  wing  abutments  contain  for  eadi  bridge  (two  abutments)  190  cu.  yds. 
ai  natural  cement  concrete  in  the  footings  and  248  cu.  yds.  of  t^ortland  cement 
concrete  in.the  abutments  proper.  The  pan^iets  are  oak  timbers  12  ins.  wide 
and  22  ft.  long.  The  slopes  of  the  canal  in  front  of  eadi  abutment  for  a  dis- 
tance of  from  60  to  120  ft.  are  paved  with  hand  laid  rubble  for  the  first  bridges 
built  and  with  concrete  about  10  ins.  thick  for  the  bridges  built  later. 

The  steel  superstructures  were  designed  to  carry  a  live  load  of  100  lbs.  per 
sq.  ft.  or  an  engine  load  of  8  tons  on  axles  7  ft.  c.  to  c.  The  trusses  are  1 10-ft. 
spans.  20  ft.  high  and  spaced  19  ft.  1  in.  c  to  c,  having  a  clearance  of  16H  ft. 
between  guards.  These  guards  are  6  X  8  in.  pine  raised  3  ins.  above  the  floor 
and  having  on  the  wearing  side  3  X  3  X  l^-in.  angles. 

The  embankment  istpproaches  are  21  ft.  wide  on  top,  with  side  slopes  of  1  on 
1 H  and  with  grades  running  from  3  to  6  per  cent.  The  roadways  are  surfaced 
with  gravel  or  crushed  rock  and  have  board  railings  extending  from  bridges  to 
foot  of  slope. 

The  costs  given  here  relate  to  the  substructure,  that  is,  the  concrete  abut- 
ments and  footings  and  the  adjacent  slope  paving:.  The  forms  for  the  abut- 
ments were  simple,  consisting  of  opposite  posts  tied  tli^oug^  the  walls  at 
bottom  and  mid  height  with  bolts  and  at  the  top  .above  the  wall  with  3  X 
12-in.  plank  with  short  knee  braces.  The  concrete  was  mixed  in  a  Smith 
mixer  charged  by  one-horse  dump  carts  and  was  hauled  to  the  work  in  cars 
and  hoisted  by  horse  elevator  and  dumped  into  the  forms. 

The  following  is  the  detailed  cost  of  the  substructure  for  highway  bridge 

No.  34.    Excavation  and  back  fill  cost  as  follows: 

Per 
Total      ou.  yd. 
Excavation  (576.6  cu.  yds.): 

Labor $     151.62 

Stakes 3.00 

Total S     164.52  $0,268 

Back  fill  (256.4  cu.  yds.): 
Labor $       65.88  f0.22O 

There  were  ^90  cu,  yds.  of  natural  cement  eoncrete  in  the  footings  wbHicih. 

cost  aa follows: 

Per 
Total       cu.  yd. 
Concrete  Materials: 

Cement $    208.80  81.099 

Crushed  stone 289.02     1.621 

Sand 113.00    0.594 

Total %    610.82  $3,214 
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MiBcellaneoua: 

Labor  receiving  materials $      19. 30  SO. 078 

Miscellaneoua  labor 15. 42  0. 062 

Coal 19.19  0.076 

Total $54.00  SO. 216 

Grand  total $1 ,789.84  S7. 217 

The  cost  of  313  sq.  yds.  of  rubble  stone  paving  was  as  follows: 

Per 

Item  Total     sq.  yd. 

Rubble  stone S406. 78  SI .  2W 

Hauling  rubble  stone 83.44    0. 266 

Labor  paving 180. 32    0.  576 

Labor  receiving  material 13. 94     0. 044 

Miscellaneous  Tabor 7. 86    0. 025 

Total $692. 34  S2. 210 

The  following  expenses  were  charged  against  the  whole  work: 

Engineering  and  inspection S153.43 

Traveling 4 .  08 

Chicago  ofSce  expenses 69 .  84 

Totel S227. 35 

The  grand  total  cost  of  the  whole  work  was  $3,957.93. 

The  work  described  was  done  by  day  labor  and  the  wages  paid  were  about  as 

follows: 

Carpenters,  per  day S2. 50 

Laborers,  per  day 1. 75 

Teamsters  with  team 3. 00 

An  8-hour  day  was  worked. 

In  Table  XXIV  are  given  the  masonry  and  slope  paving  costs  of  20  other 
bridges  of  the  same  type  as  that  described. 

Tabus  XXIV. 

National  cement,  Portland  cement, 

— '■ concrete concrete Slope  paving 

No.  of        No.  cu.        Per  cu.        No.  cu.        Per  cu.        No.  sq.  Per  sq. 

bridge  yds.  yd.  yds.  yd.  yds.  yd. 

17A  200  S7. 10  248  $8. 97 

18A  200  6. 20  248  8. 64  ...              

20  234  5. 99  248  8. 24  ...              

21  252  6.54  248  8.73  340  $2.04 

22  304  6. 39  248  8. 86  ...              

23  200  5.38  248  7.52  340  1.05 

24  156  6.31  248  7.93  340  1.82 

25  190  5.85  248  7.59  340  2.39 

26  201  5.66  248  8.21  340  2.32 

27  156  6.05  248  7.71  348  1.94 

28  190  5.41  248  7.94  343  1.92 

29  156  5.93  248  7.39  339  1.94 

30  156  5.89  248  8.21  339  1.92 

31  190  5.18  248  7.40  313  1.04 

32  190  5.62  248  7.83  313  2.28 

33  200  5.90  248  8.12  313  2.20 
35  190  5.11  248  6.96  304  2.81 

37  190  4.98  248  7.21  345  1.91 

38  183     6.32      248     7.07      276     2.i63 

39  ...      .'...      248     7.05      270     2.36 

Cost  of  Dismantling  an  Old  Highway  Bridge  and  Erecting  New  Tmas  and 
Girder  Spans. — George  Harper  gives  the  following  data  In  Engineering  and 
Contracting,  Dec.  24,  1913. 

The  following  data  apply  to  the  dismantling  of  an  old  highway  steel  truss 
bridge,  with  roadway  and  sidewalks,  and  to  the  erection  In  Its  place  of  a  new 
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Mnicttire  with  a  &0-U.  roadway  and  an  S-ft.  sidewalk.  The  new  bridge 
sooaiats  of  a  dedc  truu  span  oyer  the  Mahoning  River  and  two  through  girder 
i|Mji8  over  six  railroad  trades  of  three  different  tninlc  lines,  at  Youngstown, 
Ohio.    The  worlc  was  done  in  1910. 

The  span  across  the  river  has  a  length  d  about  180  ft.  and  that  across  the 
railroad  trades  has  a  length  of  about  84  ft.  The  old  structure  was  used  hj  the 
ub-contractor  as  falsework  during  the  erection  of  the  new  bridge;  and  as  it 
wrmB  taken  down  after  the  completion  of  the  connection,  its  weight  is  induded  in 
the  tonnage  given  in  Table  I .  being  about  36  per  cent  of  the  total  for  this  span. 
The  dismantling  and  removal  of  it  cost  about  36  per  cent  of  the  total  coat 
ihawn  in  the  table  for  the  river  span. 

The  sub-contractor  for  the  work  was  a  flrst-dasa  bridgeman,  who  took 
personal  charge  of  the  work  and  who  had  gathered  an  efUdent  crew  of  skilled 
men.  He  was.  however,  subjected  to  many  delays,  which  were  due  to  no 
fault  of  his  and  which  served  seriously  to  hinder  the  progress  of  the  work. 

The  weight  of  steel  in  the  two  girder  spans  over  the  railroad  tracks  is  about 
108  tons.  The  erection  cost  for  these  spans  is  higher  than  that  for  the  river 
ipan.  as  it  was  necessary  to  use  a  Ludus  erector  to  set  them.  One  span  was 
let  in  about  five  minutes  and  the  other  in  about  eight  minutes,  without  any 
delay  to  traffic. 

The  total  erection  cost  of  $8,136.  shown  in  Table  XXV,  was  within  three  per 
cent  of  the  actual  erection  and  other  costs  to  the  sub-contractor.  The  paint- 
ing of  the  structure,  the  railing,  roadway  paving,  and  the  cement  sidewalks 
were  let  under  .separate  contracts.  The  data  shown  in  the  table  are  only  for 
the  dismantling  of  the  old  highway  bridge,  the  erection  of  the  new  structure, 
and  the  placing  and  riveting  of  the  buckle  plates  for  the  roadway.  The  best 
type  of  hoisting  engines  and  general  apparatus  were  used  on  this  work.  The 
dismantling  of  the  old  structure  was  hindered  somewhat  and  the  cost  of  the 


Tablx  XXV. — Data  on  Dismantlino  Old  Tkuss  BaixxiB  akd  Erectxno  Naw 


Spans 


Time,    Rate  per  Labor 
days        day         cost 


Total* 
cost 


Cost 
per  ton 

(560 
tonst) 


Foreman.  . 

Bridgemen  and  laborers 
Stationary  engineers. . 
Watchmen 

Total 


River  span 

77H  «     6.00  $     465 

800  4.60     4,005 

68  4.50         306 

51  2.50         128 


Erection 

cost  per 

ton  oa 

girder 

spans 

(198 

tons) 


Foreman  35 

Bridgemen  and  lal)orrrs 273 

Enginoere 7 

Watchmen                         19 

Lucius  erector           3 

ToUl 

Grand  total.  


Spans  Over  Railroad  Tracks 

$     6.00  $     210 

4.50     1.229 

4.50  31 

2.50  48 

250.00         750 


$  535  $  0  96 

4.606   8.22 

352   0.63 

147   0.26 

$5,640  $10.07 

$  242 

1.413  

36 

55     . 
750 

$  1.22 
7.14 
0.18 
0.28 
3.78 

$2,496 
8.136  

$12.60 

*  Total  rout  is  made  up  of  labor  cout  plus  15  per  (u'nt  to  cover  plant  cost. 
t  The  560  tons  consisted  of  374  tons  of  new  steel  erected  and  \^^  Xotv^  tA  «^i^ 
■teel  taken  down  and  uaed  aa  /aisoirork. 
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work  was  increased  due  to  the  dilBculty  of  removing  the  old  piers,  which  were 
in  bad  condition.  The  time  required,  the  rate  of  wage,  and  the  cost  of  the 
work,  exclusive  of  materials,  are  shown  in  Table  XXV. 

The  work  on  the  river  span  was  done  during  May  and  August  and  thst  on 
the  span  over  the  railroad  tracks  during  October  and  November,  1910. 

Cost  of  Erecting  the  St.  Paul,  Neb.,  State  Aid  Bridge.— Geo.  K.  Leonard 
gives  the  following  data  in  Engineering  and  Contracting,  Eeb.  28,  1917. 

The  contract  for  this  bridge  was  let  in  September,  1915.  It  is  located  one 
mile  from  the  town  of  St.  Paul,  Neb.,  and  extends  over  the  Middle  Loup  River. 
The  right  of  way  adjoins  that  of  the  Union  Pacific  R.  R.  and  the  same  length 
of  spans  was  used  so  that  the  piers  in  the  two  bridges  would  fall  in  the  same 
line.    The  entire  bed  of  the  river  at  this  point  is  composed  of  fine  sand  with 


Middle  Loup  River 


i 


i 


Union  Pacific  Bridge 


X 


X 


Toot  and  Cemenf-  House 


State  Aid  Bridge  v  >^ 

Sheet  Piling  for  protec  ' 


Materia/     AbuUjPierl   V   2         (      ^ 
Concrete    50yd'8yd48ud46ud6Zud46yd.62ud46yd62yd46ud 6Zud'46ud 55ad 
Reinforcing  Z5Q0^95r2xmaO*230'72X-2Sr  7250'  230*  T&O*  230*  7Z3(r  S580* 
Steel ShPlle9(pl-2p'' 1220' 50-25'l250'}  1440  sq  ft)  (I4l'20''2620'd6'25''2200'}2930sqft) 
Wood  Piles  (5-35)n0-200 14-35' 19-35'         19-35'         19-35'         19-15'  25-35' 

Fab  Steel         4475'  04214'      04214*       64214*        84214*       S42I4* 
Rivets  67fi  57a  678  67$  676 

Excavation  60ud  26 yd       50 yd        60yd        25yd         50yd        6 yd 
Cofferdams  Drivenl2-         16'  12'  tb'  lb' 

Sq.Ftai2       1276*  1260  1076  1000' 


Fig.  7.— General  layout  of  St.  Paul,  Neb.,  state  aid  bridge  and  material  quan- 
tities involved. 

some  gravel  too  deep  to  excavate  economically  for  concrete.  During  the 
summer  the  river  is  practically  dry  with  the  exception  of  one  channel  under 
Span  No.  5.  The  general  layout  of  the  structure  is  shown  in  Fig.  1.  The 
material  quantities  also  are  shown  in  this  cut. 

The  superstructure  is  composed  of  five  8-panel  145-ft.  pin-connected  curved 
chord  trusses  and  one  20-ft.  I-beam  span,  all  with  a  Id-ft.  roadway,  carrying  a 
6-in.  concrete  floor.  It  was  designed  to  carry  a  live  load  of  76  lb.  per  square 
foot,  or  a  15-ton  traction  engine. 

The  substructure  includes  five  mass  concrete  piers  and  two  reinforced 
concrete  abutments  resting  on  35-ft.  cypress  piles.  A  row  of  7-in.  Lackar 
wanna  steel  sheet  piling  20  ft.  long  is  driven  under  the  whole  length  of  each 
abutment  and  adjoining  these  on  Abutment  No.  2  additional  piling  are  driven 
for  protecting  the  approach.  The  concrete  extends  to  a  depth  of  3  ft.  below 
the  low  water  level  and  the  piles  are  embedded  in  the  footings  2  ft. 
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At  the  •tart  of  the  work  the  contractor  made  arraofenMBtf  with  the  Union 
Fadllc  R.  R.  for  the  confltnictlon  of  a  spur  to  the  end  of  the  highway  bridge. 
AH  material  with  the  exception  of  the  form  lumber,  which  was  hauled  fktim 
St.  Paul,  was  delivered  to  the  bridge  site  on  this  spur.  The  cost  of  the  spur 
waa  charged  to  the  Tarious  materiab  according  to  their  tonnage  as  follows: 

Amount 

charged 

f  15.82 

21.25 

21.20 

04.00 

858.00 

7.48 

00.00 

54.40 

8.20 


Material  Amount 

Steel  Sheet  piles 7.400  Un.  ft. 

Wood  piles 4 .  380  lin.  f t. 

Falsework  piles 4.315  tin.  ft. 

Cement 077  bbls. 

Grarel 

Reinfordiui  steel 

Fabrioated  steel 

Coal 

Plant 


Total  tonnaae 

Total  cost  spur 

Total  cost  spur  ton  of  material  82.7  ets. 


Tonnage 

47.00 

04.95 

04.78 

105.40 

1.000.00 

22.71 

212.77 

100.20 

25.00 

1.804.70 


$020.00 


These  amounts  which  are  charged  to  the  material  from  the  spur  will  here- 
after be  charged  to  hauling,  since  the  spur  did  away  with  the  hauling  costs. 
Lo6or  OroanUation. — The  labor  organixation  was  ss  follows: 


File  driving: 

1  foreman 

.  1  engineer 

1  nicserhead  man. 

1  fireman 

1  Jet  man 

8  laborers 

Concrete: 

1  mixer  man 

5  cart  pushers 

2  tampers 

1  cement  man 

4  cravel  wheelers. 

Steel  erection: 

1  foreman 

1  engineer 

1  niaaerhead  man. 
1  fireman, 


2  laborers. 


Per  hour, 
cents 

40 
40 
35 
30 
30 
30 

35 
30 
35 
30 
25 

•  40 
40 
35 
30 
40 


Per  hour 


2  laborers 85 

4  laborers 30 

Riveting  (two  gancs): 

1  foreman 42H 


1- compressor  man. 

1  fireman 

2  rivet  heaters. 
1  Sim  man 

1  gun  man 

2  Suckers 

2  rivet  oatcbers. 

-up  men. 
num. . . 


2fittimM 
1  supply  : 


General  foreman . 
Nisht  watchman. 
Water  boy 


85 
80 
42M 

42H 

40 

85 

85 

85 

25 

45 
20 
15 


Plant. — Piles  were  driven  and  a  platform  built  from  the  spur  to  the  end  of 
the  bridge.  On  this  the  plant  was  erected  and  part  of  the  material  unloaded. 
For  the  pile  driving  a  traveler  carrying  a  stiff-leg  derrick  and  a  steam  hoisting 
engine,  operating  a  1.600-lb.  hammer  in  swinging  leads,  was  used.  A  small 
Jet  pump  atuiiMted  greatly  in  all  the  pile  driving. 

The  cofferdam  at  Pier  No-  1  wss  finvt  driven,  using  the  sheet  piling,  which 
were  aften^'ard  driven  under  the  abutments.  The  excavation  was  done  with 
an  orange-peel  after  which  the  wood  pilee  were  driven.  Next  the  falsework 
of  Span  No.  1  wsm  driven,  the  floor  beams  being  placed  on  each  successive  bent 
and  enough  JoiMtA  to  carry  the  traveler  bolted  to  the  beams.  The  work 
progretMe<l  in  like  manner  across  the  bridge. 

Concreting  followed  the  pile  driving  and  after  the  footings  were  poured  the 
traveler  returned  and  pulled  the  rofferdam. 

In  Abutment  No.  2  the  sheet  piling  Ber\'ed  f  or  bo\Yi  ccAet^axxi««Qii' 
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around  the  face  and  wood  forms  had  to  be  sunk  around  the  rear.  Abutment 
No.  1  was  finished  last. 

At  the  start  a  H-yd.  mixer  was  used,  being  run  by  a  gas  engine.  Later  a 
steam  engine  and  boiler  were  used.  In  mixing  for  Piers  Nob.  1  and  2  the 
mixer  was  set  oyer  the  forms,  but  it  was  then  moved  to  the  end  of  the  bridge 
and  the  rest  of  the  concrete  was  mixed  there  and  hauled  to  the  forms  in  Koppel 
cars. 

The  cost  of  the  plant  and  its  distribution  is  as  follows: 

Making  working  platform S  85. 00 

Making  tool  and  cement  house 30. 00 

Unloading  and  erecting  derrick 88 .  00 

Erecting  and  moving  concrete  plant 164 .  90 

Repairs  on  derrick 194.89 

Wrecking  and  loading  out  plant 178.75 

Hauling 8.20 

Total t749.74 

This  was  charged  to  the  various  branches  of  the  work  according  to  the  time 
spent  on  same.  If  the  imit  costs  are  desired  without  the  plant  included  it  is 
very  easily  found. 

Following  is  the  distribution  of  the  plant  cost  to  the  various  branches: 


Kind  of  work 
Driving  falsework $  53 .  52 


Driving  sheet  piling 

Driving  wood  piling 

Driving  cofferoam  piling 

Steel  erection 

Concreting 


12.05 

165.56 

74.00 

84.82 

164.90 


Repairs 
S  27.35 

"86!47 
78.32 

8.75 


Totaling $654 , 

Coal: 

166.2  tons 

Unloading 

Hauling 


85  $194.89 

Cost  per  ton 

$6.43 
.185 
3.27 


Total. 


$6,942 


Total 
charged 

$  80.87 

12.05 

246.03 

152.32 

93.57 

164.90 

$749.74 

Total  cost 

$1,068.66 
30.74 
54.40 

$1,153.80 


Canatruction  Coats 

SUPBRSTBUCTURE 

Falsework: 

Labor  driving , $     711 .  65 

Labor  removing 112. 15 

Coal  (18  tons) 125.00 

Plant 80.87 


Total $1 .029. 57 

CoBt  per  span 205.91 

Cost  per  lin.  ft.  bridge 1 .  42 

Cost  per  ton  steel 4 .  90 

These  units  include  laying  floor  beams  and  enough  joists  to  carry  the  traveler. 
Erecting  (excluding  approach): 

Labor  erecting $     936. 85 

Coal  (28  tons) 194.20 

Plant 93. 67 

Total $1 .224.62 

Cost  per  span 244.92 

Cost  per  lin.  ft.  bridge 1 .  69 

Cost  per  ton  steel 6. 83 

Labor  erecting  approach 6.40 

Cost  per  ton , , 2. 61 
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Uveting: 

Labor  riveting S  080.86 

Setting  compreaaor 88. 88 

Coal  (16  tons) 111.00 

Total $1,180.78 

Cost  per  span 227. 34 

Cost  per  ton  steel 5.41 

Cost  per  rivet .880 

Painting  (one  coat): 

Labor  painting f  233. 06 

Cost  per  span 48. 70 

Cost  per  ton  steel 1 .  12 

Falsework  piles: 

1.876  Un.  ft.  at  15      ct $  281.25 

140  Un.  ft.  at  15H  ct 21 .70 

2.300  lin.  ft.  at  13H  ct 810.50 

ToUUng  4.316  Un.  ft $  618.45 

HauUng 21 .20 

ToUl S  634.65 

Cost  per  span r 126.04 

Cost  per  lin.  ft.  bridge .88 

Cost  per  ton  steel 2.08 


— Cost  per  ton —    Total  cost 

Fabricated  steel: 

Hauling $0,327  $       60.60 

Unloading 623  131 .  07 

Total $0,050                         $      201.67 

161      ton  trusses  (est.) $55.00  $8,855.00 

40.7  ton  joist  (est.) 30.00  1.038.30 

210.7  tons  ft.  (est.) 12.00  2.528.40 


•      Average 60.50  13.421.70 

Total $60.46  $13,628.27 

ToUl  per  span 2.724.66 

2.07  tons  approach  at  $51.00 106. 57 

Paint  (one  coat): 

110  gal.  at  $1.00 $110.00 

Cost  per  span 22.00 

Cost  per  ton  steel .  518 

Paint  per  ton .  518 


SUMMABT   SUPBBSTRUCTUUB 


-Labor Material  Total- 


Span         Ton          Span          Ton  Span          Ton 

FaUework $205.91   $  4.90     $     126.04  $  2.08  $     332.85  $  7.88 

Steel 244.92       5.83       2.724.66     60.46  2.060.58     66.28 

Riveting 227.34       5.41      227.34       $.41 

Painting....". 46.79       1.12             22.00         .52  68.70       1.64 

Total $724.96  $17.26     $2,873.60  $63.^5  uTmT^^»V^\ 

Total  eoet  of  ffve  apana Wl  »V^'^  J%l^ 

Tota/  coBt  of  approach WQk.^'V 

Total  coat  of  aupentructure \%  ,\SA.1'^ 
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Wood  pile*  (top  ot  pilea  driven  12  in.  below  low  wmt«t): 

Per  lin.  ft.      Per  pile 
Labor  pranting  and  canying  to  position .. .     t0.0313       I  I.OfiS     t     135.6 


•°S' 

W.4537 
Une): 
Per  lin.  ft 
W.OIOU 

■,00181 

M- 08550 

•0.33560 

■1 

•10.093 
tlS.S13 
PerpUe 

to.  244 

:035 

17.376 

248  03 

^^  — 

t«et  sheet  piles  (top  ot  pileg  driv 

ga.;i:;:;:::;::::::::;: 
P,K;;-v.;:::::::::::::; 

en  to  water 

"■if 

10.11382 
10.57572 

ToUl 
*       TG.OS 

11 
VST, 

"^SSLente-, 

■ 

Piera  (inoluding  pladilg  amaU 

unount  of  rteel)— 

■; 

*m«.t: 

Per  bbl. 
11,927 

Total  ooat 

Per  ton 

■i.e»4 

Total  coat 
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PiMt $     164.00 

Coct  per  yard  coDcrete .26 

foiUiaMtioDB— 

Labor  pladnc $    716.42 

Coal  (10  tons) 69.40 

Gasolliie  (250  gal.) 68. 18 


Total 

Coat  per  yard  concrete. 


Labor  pladnc . . 
Coal  (9.7  tons), 


837.95 
2.09 

484.80 
67.80 


Total 8    562.10 

Coat  per  yard  concrete 2. 82 

Cotferdams  (5  piers  only): 

Praparincute 8      82.40 

Driving  piles 241 .  11 

PulUnc  piles 675.22 

EseavaUng 100.82 

Plant 152.82 

Coal  (24.5  tons) 170.08 


Total 81.831.40 

Cost  per  yard  concrete 4 .  60 


SUMMABT    CONCRKTB 


Lumber 8 

Forms 

Cement 

Gravel 

Mizi 


(raa 


-Abutment 


ToUl 

141.35 

370.89 

294.00 

304.50 

246.55 


Piers- 
Total 
399.10 
334.74 
829.80 
858.40 
694.90 


Cofferdams 1 .331 .  40 


Per  yd. 

8  1.35 
1.13 
2.80 
2.90 
2.35 
.4.50 


-Floor- 


Total  Per  yd. 
321.10  8  1.86 
403.90 


759.17 
694.26 
613.50 


1.70 
8.18 
2.90 
2.68 


ToUl 81.357.29  812.93  84.448.34  815.03  82,701.92  811.71 

Total  charged  to  concrete 88.597.66 

Rkinpobcino 

Per  ton 

46,410  lb 860.00 

Unloading 382 

Hauling .  327 

ToUl.. 860.709 

Placing  in  abutments 

Cost  per  ton 

Placing  m  floor 

Cost  per  ton 


Wood  piles 

Steel  sneet  piles. 

Concrete 

Reinforcing . . . 

Total 


BuMlfABT  SXTBSTBVCTtraX 


Superstructure 

Substructure 

Mbcellaneoufl  material. 

General  foreman   

Night  watchman    ...    . 
Water  boy  .    . 

Tnui}. .  


Total  Cost  or  Bbioob 


Total 

8  1.862.80 
8.67 
7.48 

8  1.878.40 

19.28 

8.66 

90.00 

6.74 

8  1.964.86 
2.606.78 
8.597.55 
1.488.28 

814.559.46 

818.108.71 

14.559.46 

635.00 

810.00 

260.00 

47.75 
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Cost  of  a  Steel  Highway  Bridge  in  Texas. — William  C.  Davidson  gives  the 
following  costs  in  Engineering  and  Contracting,  Oct.  25,  1916. 

The  bridge  was  built  in  McLennan  County,  Texas,  about  10  miles  from 
Waco.  It  spans  Aquilla  Creek,  one  of  the  larger  tributary  streams  of  the 
Brazos  River.  The  structure  has  a  total  length  of  273  ft.,  consisting  of  120  ft. 
of  main  span  and  153  ft  of  timber  trestle  approaches. 

The  work  was  handled  under  direct  supervision  of  the  county  engineer. 
An  experienced  steel  bridge  foreman  was  employed  to  superintend  the  con- 
struction work,  which  was  in  direct  charge  of  the  writer  as  assistant  engineer. 
Foundation  excavation  was  commenced  about  July  1,  1916,  and  two  months 
later  the  road  and  bridge  were  opened  to  traffic.  To  obtain  a  more  direct 
alignment  the  site  of  the  new  bridge  was  moved  several  feet  upstream  from 
the  site  of  the  old  structure. 

Labor  for  handling  the  work  was  obtained  locally  with  the  exception  of  a 
form-builder  who  was  obtained  from  Waco.  Common  labor  was  obtained  at 
$1.50  to  $1.75  per  day  of  eight  hours  each.  The  form  builder  was  paid  at  the 
rate  of  $3  per  day.  Practically  all  the  hauling  was  done  imder  contract. 
Miscellaneous  teaming  was  paid  for  at  the  rate  of  $0.40  per  hour.  The  fore- 
man was  employed  at  $4  per  day  straight  time,  no  overtime  being  allowed 
for  more  than  an  eight-hour  day.  Laborers  were  paid  overtime  for  all  work 
exceeding  eight  hours  per  day.  It  was  necessary  to  haul  a  part  of  the  material, 
such  as  form  lumber,  tools,  equipment  for  camp  outfit  and  other  miscellaneous 
supplies,  from  Waco.  This  teaming  was  done  by  one  of  the  coimty  mainte- 
nance outfits,  at  a  cost  of  $3  i>er  day. 

The  nearest  railroad  spur  was  situated  a  distance  of  five  miles  from  the  site 
of  the  bridge.  Cement,  structural  steel,  bridge  lumber,  piling  and  wood  pre- 
server for  treating  certain  portions  of  the  wood  work,  were  shipped  to  this 
point.  The  hauling  of  this  material,  to  the  site  was  contracted  to  a  local 
teamster  at  the  following  prices:  Cement,  6H  ct.  per  sack;  bridge  lumber, 
25  ct.  per  100  ft.  B.  M.;  structural  steel,  $1  per  ton.  The  piling  and  wood 
preserver  were  hauled  to  the  site  at  a  cost  of  $0.40  per  hour  for  man  and  team. 
Gravel  for  the  pile  footings  and  concrete  piers  was  also  hauled  under  contract, 
from  loc^  pits  situated  two  and  five  miles  from  the  site,  respectively.  From 
the  pit  located  two  miles  distant,  130  cu.  yd.  were  obtained  at  a  cosl  of  $0.50 
per  yard  for  the  hauling  and  $0.10  per  yard  for  the  gravel.  Added  to  the 
above  cost  was  that  of  stripping  the  pit  which  amounted  to  $0.11  per  yard, 
making  a  total  cost  per  yard  at  the  site  of  $0.71.  Owing  to  the  fact  that  the 
above  pit  would  not  supply  sufficient  gravel  to  construct  the  piers  and  footings, 
it  became  necessary  to  haul  39H  cu.  yd.  from  another  local  pit  situated  five 
miles  from  the  site.  This  gravel  was  contracted  at  $1.15  per  cubic  yard  for 
loading  and  hauling  and  $0.10  per  cubic  yard  for  the  gravel,  making  a  total 
cost  at  the  site  of  $1.25  per  cubic  yard.  No  stripping  was  necessary  at  this 
pit.  Tickets  were  Issued  to  the  teamsters  by  the  foreman  for  each  load  of 
gravel  as  it  was  received  at  the  site,  and  payment  was  made  upon  the  basis 
of  these  tickets.  The  invoices  of  the  material  companies  were  taken  as  the 
basis  of  payment  for  the  haul  of  cement,  steel  and  lumber. 

The  concrete  used  in  the  construction  of  the  piers  was  mixed  in  the  propor- 
tion of  one  part  of  cement  to  six  parts  of  pit  run  gravel.  A  form  finish  was 
given  the  outer  surface  of  the  piers.  Vertical  and  horizontal  reinforcing  rods 
were  used  as  shown  on  the  pier  detail.  The  steel  was  designed  for  what  was 
designated  in  the  standard  specifications  as  a  "  Class  B  Loading."  This  con- 
sisted of  a  load  of  80  lb.  per  square  foot  of  total  floor  surface,  being  the  equiva- 
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of  a  10-ton  traction  engine  having  axles  8  ft.  on  centers  and  a  6-ft.  gage, 
-thirds  of  the  load  to  be  carried  on  the  rear  axles  and  distributed  over 
t.  in  width. 

he  following  is  an  itemized  statement  of  the  cost  of  the  bridge,  including  all 
erial  and  labor: 

^rial: 

Lructural  steel,  f.  o.  b.  cars  at  factory,  42,770  lb.  @  $3.14  per  100 

lb $1 ,325.87 

reight  on  steel,  42,770  lb.  @  55c  per  100  lb 235.24 

ridge  lumber,  25,335  ft.  B.  M 426. 56 

ement,  425  sacks  @  32c  per  sack  net 178. 50 

einforcing  steel.  4,455  lb.  ^  $2.75  per  100  lb 122.51 

orm  lumber,  3.900  ft.  B.  M. 104.39 

iling,  454  lin.  ft.  @  7Hc  per  foot 34.05 

[ails,  2  kegs  60d  and  1  keg  6d 7.85 

rolls.  No.  9  wire  for  forms 4. 90 

travel,  169H  cu.  yd.  ®  10c 16.95 

aint,  14  gal.  @  $1.95 27.30 

inseed  oil,  4  gal.  @  85c 3.40 

f acliine  bolts 19. 64 

iisc.  tools  and  hardware 29. 98 

'aint  brushes 1 .  15 

JTood  preserver 5.00 

Total $2,643.29 

►or: 

/learing  of  bridge  site $        8.90 

'oundation  excavation 57 .35 

fixing  and  placing  concrete 78 .  40 

building  of  forms 165 .  05 

iemoval  of  forms 16 .  75 

lauling  form  lumber 12 .  00 

lauling  cement,  425  sacks  @  6Hc 28. 33 

lauling  gravel,  169H  cu.  yd.  (130  ou.  yd.  @  50c,  39H  cu.  yd.  @ 

$1.15) 110.43 

lauling  reinforcing  steel 8 .  00 

Cxtra  cutting  of  steel .75 

lauling  bridge  lumber 65. 42 

i^rection  of  steel,  including  decking  of  main  span  and  approaches.  207.20 

]k>n8truction  and  removafof  false  work 51.50 

Building  approaches  (not  decking) 42. 55 

Painting  steel  span  (one  coat) 14 .  90 

flent  on  storage  house 3. 00 

scellaneous  hauling: 

Vloving  concrete  mixer  from  R.  R.  to  site 2 .  00 

Gripping  gravel  pits 14 .  80 

Sauhng  cement  from  storage  house  to  site \  .  . .  3. 60 

9auling  pihn«  from  R.  R.  to  site 8. 00 

Unloading  piSng  at  R.  R 4,80 

Unloading  bridge  lumber  at  R.  R 3 .  75 

Moving  lumber  at  bridge .40 

Foreman's  time  (60  days  @  $4.00  per  day) 240.00 

Structural  steel  workman  (connecting  span) 25. 00 

Total $1,172.68 

let  of  material 2,643.29 

Grand  total  cost,  material  and  labor $3,815.97 

Unit  Costa. — On  the  basis  of  the  foregoing  cost  data,  unit  costs  on  the 

TBnl  items  of  material  have  been  computed.  The  foundation  excavation 
is  entirdy  pick  and  shovel  work  and  consisted  of  alluvial  deposits  and  a 
m  day.    The  depth  of  the  excavation  was  12  ft.  and  a  double  handling  of 

aterial  was  required  near  the  bottom  of  the  piers.  There  was  a  total  of 
•.7  cu.  yd.  of  material  taken  from  both  piers,  at  a  total  cost  of  $57.35  or 
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unit  cost  of  $0.67.  Mixing  and  placing  of  concrete  coet  $78.30.  The  total 
cubic  yardage  of  concrete  in  the  piers  and  pile  footings  amounted  to  125.7. 
from  which  is  deduced  a  cost  of  $0.62  per  cubic  yard.  Water  used  in  mixing 
the  concrete  was  obtained  from  the  creelc  at  the  site  by  means  of  a  hand 
pump.  It  was  pumped  into  barrels  to  an  elavation  of  about  20  ft.  above  the 
creek,  from  which  it  was  conveyed  by  means  of  buckets  to  the  mixer.  The 
piers  were  poured  to  an  elevation  slightly  above  the  ground,  then  the  ap- 
proaches were  built  and  the  mixer  placed  upon  them,  from  which  the  re-' 
mainder  was  poured  without  difficulty. 

The  piers  being  of  rather  unusual  design,  involved  expensive  form  work 
from  the  standpoint  of  labor,  the  total  cost  being  $165.06,  or  a  unit  cost  per 
yard  of  concrete,  of  $1.33.  The  lumber,  wire,  naUs,  removal  of  forms  and 
the  hauling  of  form  lumber  amounted  to  $140.79,  with  a  resultant  unit  cost 
for  material  of  $1.12  per  cubic  yard.  Therefore  the  total  unit  cost  for  forms 
was  $2.45  per  cubic  yard,  which  is  somewhat  higher  than  is  to  be  expected  for 
form  work  on  piers. 

The  total  cost  of  the  cement  at  the  site,  including  first  coet,  hauling  and 
storage,  was  $215.43,  from  which  it  is  estimated  that  the  cost  for  cement  per 
cubic  yard  of  concrete  amounts  to  $1.70.  The  concrete  gravel  cost  at  the 
site  $142. 18,  including  first  cost,  hauling  and  stripping  of  pits.  This  results 
in  a  unit  cost  of  $1. 13  per  cubic  yard.  The  cost  of  water  for  the  concrete  was 
included  in  the  item  "mixing  and  placing"  and  the  cost  of  placing  reinforcing 
steel  was  not  separated  from  that  of  building  forms.  From  the  foregoing  a 
summary  of  cost  per  cubic  yard  of  concrete  is  as  follows: 

Cement $1 .  70 

Gravel 1 .  13 

Forms 2.45 

'   Mixini:  and  placing 62 

Supplies  for  mixer 02 

Foreman 38 

Total $6.30 

The  bridge  was  erected  at  a  total  cost  for  labor  on  superstructure  and  false 
work  of  $258.50,  which  cost  included  the  erection  of  steel  and  the  decking  of 
main  span  and  approaches.  A  cost  of  $0.95  per  linear  foot  of  bridge  is 
deduced  from  the  foregoing.  It  required  material  amounting  to  $31.85  to 
paint  the  steel  work,  with  a  corresponding  cost  per  ton  of  steel  of  $1.49. 
Labor  required  .amoimted  to  $14.90  or  a  cost  per  ton  of  steel  of  $0.70.  The 
total  cost,  therefore,  per  ton  of  steel  for  labor  and  material  was  $2.19. 

Unit  Costs  of  Constructing  Plate-Girder  Bridges  with  Concrete  Sub- 
structures in  Chicago. — The  following  data  are  taken  from  an  article  in 
Engineering  News,  Aug.  27,  1914,  by  Harry  J.  McDargh. 

In  erecting  seven  plate  girder  bridges  on  west  fork  of  the  North  Branch  of 
the  Chicago  River  the  work  was  carried  out  by  the  use  of  day  labor.  The 
field  organization  consisted  of  an  engineer  (Mr.  McDargh)  acting  as  general . 
superintendent;  an  instrument  man  as  time-keeper  and  material  clerk;  a 
foreman  of  carpenters,  cement  mixers  and  laborers  and  in  charge  of  substruc- 
ture construction,  and  a  foreman  of  bridge  and  structural-iron  workers  in 
charge  of  erection  of  the  sup^^tructure.  The  rates  of  wages  (union  scale) 
were  as  follows: 

Foremen 80      cts.  per  hour. 

Engineman  (for  hoisting) 72>i  cts.  per  hour. 

Carpenters 65      cts.  per  hour. 

Laborers 40     cts.  per  hour. 
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iHal  coMa  under  cddIfbcU  made  by  the  dt;  nere  u  foUom^ 


20  per  bbl.  oet. 
00  pec  m!  It.  B.  ! 


pluit  consisted  of  a  lO-ion  stilT-leg  derrick  wltba42-tt.  boom,  a  le-hp. 
Hoisting  engine,  four  1-yd.  setf-diunplDg  steel  buckets,  a  eteam  pumji,  a 
e-dtlven  coiici«te  miiet  ot  S-ft.  batch  capadt;.  and  the  other  neoessarf 


superstructure  design  is  shown  In  Fig.  8.  The  main  girders  ore  75  ft. 
ing.  with'  the  Boor  sjstem  designed  to  csxi;  the  heaviest  clt;  tiafflc. 
adway  is  2«  ft.  between  cuibs,  paved  with  4-ln.  ciea«oted-wood  blocks 
a.  creosoted  subplonklng  laid  tight  on  4  x  e-ln.  creuoted  sleepers 
Q  iQ'  C  to  c  The  two  S-ft,  walks  are  of  reinforced-concrete  flat-slab 
Lictlon.  The  sidewalk  railing  on  the  bridge  is  of  onlamental  Iron 
notion,  and  Joins  the  concrete  parapet  walls  carried  oo  the  wlog  walls  ot 


«eetlon  of  platcajldeT  bridcu  over  the  west  fork  of  the 
North  Branoli  oF  the  Cbicuo  Rivei. 

>  wing  walls  of  the  substructure  end  In  a  circular  return  and  come  to 
I  2  ft.  ot  (he  propeny  line.  All  streets  ate  66  ft.  wide.  The  esthetic 
nent  of  both  the  substructure  and  superstructure  was  recomiDended 
i  Chicago  Plan  Coniniissian,  and  the  resulting  structure  is  quite  effective 
peorance.  Eioavatlon  for  the  Bubstructure  was  made  through  loam. 
]  and  stU  blue  cloy  to  a  depth  ot  at  least  8H  ft.  below  low  water  to  allow 
possible  future  dredging  ot  this  stream. 

9  average  depth  of  excavation  was  26  ft.  below  the  Culii  grade,  and  each 
la  shssthed  light  to  blue  c1b7,  due  to  the  water-bearing  grBTBl  and  the 
mity  to  the  river.  No  ertraofdlnary  conditions  were  encountemd. 
ration  ot  the  Uue  cloy  was  laborious,  however,  as  It  could  only  be 
led  In  small  chunks  by  tbe  use  irf  mattocks.  Keeping  the  day  water- 
d  was  found  advisable. 

V  and  PtBgrai  of  IFsrt.— The  substructures  at  N.  40tfa  Ave.  and  N.  48th 
were  started  during  the  fall  of  1912,  but  all  work  was  suspended  befors 
nd  of  the  year.    Work  was  again  started  May  0,  1013,  and  three  other 
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substructures  (at  Central  Park  Ave.,  Kedzie  Ave.  and  56th  Ave.)  were  oomr 
plated  during  the  year.  The  substructure  at  Forest  Glen  Ave.  was  00  per 
cent  completed  on  Dec.  31,  and  was  entirely  completed  Jan.  29,  1914. 

The  superstructure  steel  for  N.  40th  Ave.  was  delivered  on  the  site  July  2, 
the  erection  completed  Aug.  12  and  the  roadway  opened  to  traffic  Sept  1. 
Erection  of  48th  Ave.  superstructure  was  started  July  31,  completed  Sept. 
3,  and  the  roadway  opened  to  traffic  on  Oct.  1. 

The  next  superstructure  steel  arrived  Oct.  21,  and  was  erected  at  Central 
Park  Ave.  and  this  bridge  opened  to  traffic  on  Dec.  20. 

The  steel  for  the  Kedzie  Ave.  superstructure  arrived  on  Dec.  4,  erection  was 
completed  Dec.  27,  and  the  roadway  opened  to  traffic  Feb.  14,  1914.  Erec- 
tion of  the  superstructure  at  56th  Ave.  was  started  Dec.  29,  completed  Jan. 
28,  and  the  roadway  opened  to  traffic  Feb.  26.  At  Forest  Glen  Ave.  the 
delivery  of  the  steel  was  started  Feb.  9,  but  was  tied  up  until  Feb.  20  by  a 
strike  on  the  company  furnishing  the  material.  Erection  was  completed  Mar. 
12,  and  the  roadway  opened  to  traffic  on  Apr.  7,  1914. 

The  erection  of  the  steelwork  was  done  without  the  aid  of  power  machinery 
and  all  riveting  was  by  hand.     The  cost  varied  from  0.75  to  0.77c.  per  lb. 

The  creosoted  wood-block  pavement  with  sub-planking  and  sleepers  cost 
for  material  $4  per  sq.  yd. ;  the  labor  for  placing  averaged  81  He  per  sq.  yd.  for 
roadways  without  car  trades  and  $1.40  on  the  roadway  with  car  tracks. 

The  widths  of  the  roadways  leading  to  the  bridges  were  in  most  cases  about 
18  ft.  and  these  were  widened  to  meet  the  approaches  of  the  new  bridge  at  a 
cost  varying  from  74.7  to  96.  lets,  per  cu.  yd. 

For  excavation,  backfill,  coffer-dam,  sheathing  and  pumping,  the  cost  on  the 
several  jobs  varied  from  $1.23  to  $1.66  per  cu.  yd.  The  substructure  con- 
crete (1:3:6)  varied  in  cast  as  follows: 

Labor  for  handling  sand,  stone  and  cement  to  mixer,  mixing  and  placing  in 
forms,  $1,291  to  $1,408  per  cu.  yd.  Part  of  this  variance  in  the  cost  of  labor 
was  due  to  the  uneconomical  method  necessary  in  handling  the  material, 
as  it  was  compulsory  to  keep  the  narrow  roadways  open  and  the  material  was 
scattered  along  the  side  of  the  road  for  a  distance  of  600  ft.  from  the  bridge  on 
each  side  of  the  river. 

Material  cost  $3,778  to  $4,558  per  cu.  yd.  of  concrete.  This  variance  was 
due  to  difference  in  length  of  haul  for  delivery. 

Forms,  including  labor  and  material,  cost  $1,580  to  $1,986  per  cu.  yd.  of 
concrete. 

Cost  of  Moving  Small  Highway  Bridge  in  Chicago. — ^In  replacing  a  bridge 
at  Kedzie  Ave.  over  the  west  fork  of  the  North  Branch  of  the  Chicago  River  in 
1914.  it  was  decided  that  the  bridge  could  be  moved  to  Foster  Ave.,  an  unim- 
portant thoroughfare,  and  that  it  would  serve  10  yrs.  or  more  at  this,  its  third 
place  of  usefulness.  Harry  J.  McDargh  in  Engineering  News,  Aug.  27,  1914 
gives  the  cost  of  moving  the  bridge  as  follows: 

The  old  structure  was  a  wroiight-iron  through-truss  bridge,  63  ft.  long  and 
36  ft.  wide  over  all  and  weighed  36  tons.  The  truss  while  being  "house 
moved "  was  carried  on  two  sets  of  12  X  12-in.  timbers  6  ft.  c.  to  c,  placed 
sjrmmetrically  to  the  center  of  the  bridge.  Using  wood  rollers  on  a  tindter 
runway  and  a  crab,  the  truss  was  moved  4,300  ft.  aad  set  upon  bents  for 
$383.50.    The  rates  of  wages  (union  scale)  were  as  follows: 

Foreman 80  cts.  per  hour 

Carpenters 65  eta.  per  hour 

Laborers 40  cts.  per  hour 
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of  105-Ft.  Strauss  Bascule  Bridge  over  the  Sabine  Neches  Canal  at 
rthor,  Texas. — ^According  to  Engineering  Record,  Aug.  19,  1916,  this 

wafi  completed  by  the  contractor  in  1913  at  a  cost  of  $35,000,  the 
eing  fabricated  at  Beaver  Falls,  Pa. 

main  span  of  the  bridge  is  105  ft.  center  to  center  of  channel  piers; 
lel  through  riveted  Warren  trusses,  24  ft.  i^art  on  centers,  provide  a 
clear  roadway  and  two  6-ft.  clear  sidewalks  are  carried  on  cantilever 
ts.  The  roadway  has  3-in.  wooden  planking  supported  on  steel 
;rs  and  provides  for  a  double-track  electric  street  railway. 
t  of  Jacketing  with  Concrete  the  Underwater  Portions  of  a  Bridge 
-octure. — Three  masonry  piers  and  an  abutment  founded  on  stone-filled 
v^ere  repaired  in  1911  by  building  jackets  of  concrete  aroimd  the  under- 
port  ions.  The  old  piers  had  been  in  use  some  65  years.  The  portions 
low  water  were  of  squared  granite  laid  in  mortar  probably  of  lime  or  a 
re  of  lime  and  natural  cement.  Below  low  water  the  piers  were  closely 
1  hewn  pine  cribs  filled  with  field  stone  and  were  well  preserved.  The 
thening  work  was  considered  necessary  to  fit  the  piers  to  carry  a  steel 
itructure  being  built  to  replace  the  original  wood  spans.  The  conditions 
ntered  in  this  work  and  the  method  and  cost  of  doing  the  work  are 
bed  by  E.  £.  Greenwood,  engineer  in  charge,  in  the  Proceedings,  Maine 
y  of  Civil  Engineers,  from  which  Engineering  and  Contracting,  gives  the 
ing  abstract  in  the  issue  of  June  26,  1912. 

i  river  bed  at  this  point  consists  of  boulders  and  at  some  points  ledge 
out.     The  depth  of  water  at  low  tide  is  from  two  to  18  ft.,  averaging 

12  or  14  ft.  at  the  piers,  and  the  ordinary  rise  of  the  tide  is  about  16  ft. 
Id  piers  were  protected  by  a  heavy  riprap  deposited  about  the  base,  this 
)  coming  up  above  low  water  in  a  few  places. 

e  nature  of  repairs  decided  upon  was  to  put  a  jacket  of  reinforced  concrete 
id  eadi  structure  up  to  the  high  water  line,  connecting  this  jacket  with  the 
ork,  above  low  water,  by  means  of  anchor  rods  inserted  in  holes  drilled 
;he  old  piers  about  3  ft.  apart  vertically  and  horizontally.  Above  high 
•  the  old  work  was  to  be  thoroughly  pointed  up  with  rich  cement  mortar, 
hickness  of  this  concrete  jacket  was  in  general  from'  3  to  6  ft.,  finishing  off 
e  top  two  and  one-half  feet  thick. 

account  of  the  uncertainty  of  what  we  should  have  to  contend  with  as 
rork  should  progress  it  was  thought  impracticable  to  make  specifications 
r  which  a  contractor  could  be  expected  to  make  a  reasonable  bid  on  the 
,  either  by  unit  prices  or  a  lump  sum.     It  was  therefore  decided  to  do  the 

by  the  day  under  the  supervision  of  a  competent  foreman, 
le  first  step  was  to  remove  a  large  part  of  the  old  riprap  about  the  piers 
prepare  a  foundation  for  the  concrete  jacket.  As  a  cofferdam  of  sufficient 
ti  was  impracticable  it  was  decided  to  do  this  work  with  divers.  There- 
two  divers'  outfits  were  organized  and  set  to  work,  and  the  old  riprap  and 
is  were  removed  to  such  a  depth  as  to  secure  a  suitable  foundation, 
was  found  that  the  old  riprap  was  so  closely  packed  that  it  was  not  nec- 
•y  to  go  down  to  the  old  river  bed  In  most  places.  The  depth  was  gen- 
y  from  3  to  10  ft.  below  low  water,  with  some  points  deeper, 
ir  next  step  was  to  devise  the  most  practicable  method  of  building  a  form 
he  concrete,  and  it  was  decided  to  build  a  timber  crib  8  ft.  wide  entirely 
nd  the  pier,  leaving  the  space  between  the  crib  and  pier  to  correspond 

the  required  thickness  of  concrete,  which  was  generally  about  6  ft. 
w  low  water. 
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This  crib  was  built  of  8  X  8-in.  hemlock  timber  and  divided  into  checks 
about  8  ft.  square,  each  alternate  check  being  floored  over  to  contain  rodcs 
for  sinking  it.  The  crib  was  built  up  to  2  or  3  ft.  above  water  at  low  tide, 
thus  giving  something  on  which  to  work  while  the  tide  was  out  to  build  the 
forms  in  the  ordinary  manner  above  that  height.  After  the  crib  was  grounded 
all  the  checics  were  filled  with  field  stone  and  a  quantity  of  the  larger  sized 
stones  was  deposited  outside  the  crib  as  an  extra  precaution  against  scour. 
The  inner  side  of  the  crib  was  then  lined  with  vertical  matched  spruce  plank 
driven  as  much  as  possible  in  the  bed  and  all  holes  at  the  bottom  thoroughly 
chinked  by  divers,  thus  giving  an  almost  water-tight  form  for  the  concrete. 
The  concrete  was  then  deposited  in  the  water,  partly  by  means  of  the  bottom 
dump  bucket  and  partly  by  means  of  the  flexible  chute  method,  always 
endeavoring  to  deposit  the  mixture  with  the  least  possible  wash.  After  reach- 
ing the  height  of  low  water  the  work  was  mostly  done  by  working  a  few  hours 
at  a  time  while  the  tide  was  out  The  concrete  in  general  was  a  1 : 2 : 4  mixture 
of  Portland  cement,  sand  and  crushed  rock.  In  the  abutment  where  the  work 
was  all  above  water  a  1 : 3 : 6  mixture  was  used.  This  piece  constituted  about 
one-sixth  of  the  entire  job.  A  Smith  mixer  of  1  cu.  yd.  capacity  was  used  on 
all  of  the  work. 

The  cement  was  delivered  on  the  work  by  the  local  dealers  for  $1.73  per 
barrel.  Sand  was  delivered  for  $1.50  per  load  of  about  IK  cu.  yds.  or  at 
about  $1.20  per  cubic  yard.  Crushed  rock  cost  delivered  on  the  work  $2.25 
per  cubic  yard.  Labor  cost  $2  per  day  of  nine  hours.  Hemlock  lumber  cost 
$18  per  thousand  and  spruce  lumber  $22  per  thousand  delivered. 

An  accurate  account  was  kept  of  the  total  cost  but  the  exact  division 
between  the  different  classes  as  given  below  is  something  of  ah  estimate  but  lb 
believed  to  be  quite  near  the  facts.  The  total  amount  of  concrete  built 
assuming  that  5  per  cent  of  the  total  entered  the  cavities  of  the  old  work  was 
2,190  cu.  yds. 

Lumber  for  crib  work  and  forms  coat $  1 ,  922 

Tools  bought  and  hired 800 

Field  stone  for'filling  cribs 356 

Teaming ^ 112 

Cement 4,249 

Sand 1 ,059 

Crushed  rock 3,582 

Liability  insiu-ance 125 

Coal 112 

Incidentals  and  office  expenses 576 

Labor  on  criba,  forms  and  concrete 5,337 

Preparing  foundations  under  water 5 ,  100 

Making  anchor  connections  with  old  work 400 

Iron  for  reinforcing  and  for  protecting  comers 490 

Pointing  up  old  work  above  concrete  jacket 300 

Biprapping  outside  of  cribs 200 

Engineering 1 ,  350 

Total $26,069 

Leas  eatimated  salvage  on  tools  and  lumber 500 

Net  cost $25,569 

This  gives  a  cost  of  $11.68  per  cubic  yard  for  the  whole  job.  But  if  we 
omit  the  last  six  items  above  mentioned  as  not  usually  chargeable  to  the  yard 
price  of  concrete,  we  have  $8.32  as  the  net  yard  price  which  includes  the  cost 
of  all  crib  work  and  forms. 
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work  was  done  between  July  5  and  October  13  and  wta  under  the  dinct 
ision  of  Josepb  Mullen. 

.  ot  Votmt  for  ConeiBls  Bridges  ud  Cnlnrta.— The  foUowlag  la  takeo 
^.Dglneeriqg  and  Contractlns,  Marcb  2S.  IBIB. 

aa  been  toucd  Id  bridge  and  culvert  work  In  Kentucky  that  a  fair 
(Imatlon  ot  the  cost  of  forms  for  the  different  classes  ot  reinforced  eon- 
niperstructures  or  culverts  In  stale  work  may  be  estbnaled  per  cubic 
f  concrete  {II  tbe  f  orms  are  not  to  be  used  the  second  lime)  by  aJlowlng 
.  B,M.  of  lumber  per  cubic  yard  and  four  hours'  time  each  forthecar- 
'  and  helper  for  the  erection ;  and  for  the  substructures  of  slabs  or  girder 
s.  2M  hours'  carpeDler'g  lime  and  2Hhoura'  helper's  lime  for  the  plain 
■t«.  Ttiese  figures  were  given  by  Chartea  D.  Snead.  Bridge  Engloeer 
'  Btate  Deputment  ot  Public  Aoads.  In  an  addresa  at  tile  Kentucky 


■^xm  Length  In  FM 


I  School,  and  are  baaed  upon  actual  work  done  with  the  ordinary  type  ot 
:  available  In  the  state.  Where  tbe  forms  are  used  twice  It  has  been  found 
It  requlrea  about  one-half  the  time,  eathaated  tor  buildings,  to  re-erect 

ilatiT*  Economy  of  Slab,  Through  Girder  and  Deck  Girder  Typea  of 
■jttt  Brldgea. — The  fallowing  matter  Is  taken  from  an  abstract,  pub- 
d  In  Engineering  and  Contracting,  March  2i.  1916  of  a  paper  by  C.  B. 
iuUough,  presented  itt  the  1 1th  Annual  convention  ot  the  American  Con- 
i  Institute  at  Philadelphia,  Pa. 

he  slab  ln>e  of  superstructure  consists  of  a  simple  beam  or  slab,  rein- 
id  for  main  and  diagonal  tension  by  longitudinal  rods,  and  for  laleral 
rlbutioD.  sbrlnkage  and  temperature  stresses  by  transversa  rods, 
he  deck  girder  type  (see  Fig.  10)  depends  for  lis  eoonomy  on  the  fact  that 
currying  capacity  of  a  beam  varies  as  the  square  of  tbe  depth  but  only  aa 
Brstpowerot  the  width.    Thus  the  use  of  deep  narrow  girdera  Operates  to 
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reduce  the  amount  of  material  and  consequently  cuts  down  the  cost.  The 
stresses  arising  in  the  superstructure  are  transmitted  into  the  girders  by  means 
of  a  thin  doubly  reinforced  floor,  which  acts  as  a  beam  partially  fixed  and 
partially  continuous.  The  girders  themselves  are  reinforced  for  main  and 
diagonal  tension  both  by  bent  up  rods  and  by  stirrups. 

In  the  through  type  of  girder  construction  (see  Fig.  11)  two  main  side  girders 
support  the  floor,  which  is  hung  or  suspended  between  them.    The  main 


/T 
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Fig.  10. — Cross  section   of  standard   24-ft.   reinforced   concrete   deck   spader 

bridge — Iowa  Highway  Commission. 

girders  act  as  simple  beams  and  the  floor  as  a  partially  fixed  beam,  the  point 
of  contraflexure  being  taken  at  about  12  ins.  from  the  girder,  this  distance 
being  based  upon  experiment.  A  ccmiparison  of  quantities  for  the  three 
types  of  superstructure  is  graphically  shown  in  Fig.  9.  "Hie  economy  of  cost 
of  the  deck  type  over  the  through  type  is  probably  represented  by  the  relative 
position  of  the  quantity  curves,  the  form  work  being  equally  difficult  for  both 
types.    The  cost  of  slab  construction  is,  on  the  other  hand,  somewhat  cheaper 
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benf  up  as  shown 
ebddkp  ^rtxrsQtd'PP. 

Fig.  11. — Cross  section  of  standard  30-ft.  reinforced  concrete   through  girder 

bridge — Iowa  Highway  Commission. 


than  the  quantitites  would  indicate,  on  account  of  the  simple  form  work, 
and  this  type  of  construction  is  probably  the  economical  one  for  spans  below 
20  or  22  ft.  The  economy  of  the  through  girder  and  the  slab  over  the  deck 
type  is  one  of  headroom  rather  than  of  cost. 

Cost  of  113-Ft.  Reii^orced  Concrete  Girder  Bridge  Near  Douglas,  Ariz. — 
During  1916-1916  the  State  Highway  Department  of  Arizona  constructed  a 
113-ft.  concrete  bridge  over  the  Whitewater  River  near  Douglas,  Ariz.    The 
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;ture  was  of  the  through  girder  type,  and  consisted  of  two  spans  37  ft.  6  in. 

and  one  span  38  ft.  It  replaced  a  90-ft.  frame  bridge.  Very  complete 
data  on  the  work  are  given  in  the  recently  issued  annual  report  of  Lamar 
3,  State  Engineer,  from  which  the  matter  that  follows  is  given  in  Engineer- 
ind  Contracting,  Dec.  27,  1916. 

le  bridge  was  constructed  by  day  labor  imder  the  direction  of  J.  C.  Ryan, 
9ion  Engineer  of  the  State  Highway  Department.    Laborers  were  paid  $3 
^-hour  day  and  carpenters  $4  per  day.    Teams  and  drivers  were  hired 
15  per ^  day. 
ravel  was  secured  from  the  Fairbanks  beds.    A  few  cars  of  screened  sand 

bought,  but  most  of  it  was  nm-of-bank  gravel  and  was  screened  on  the 
nd.  This  gravel  shows  a  very  low  voidage  content, 
though  this  gravel  was  expensive,  the  superior  results  secured  from  it  on 
unt  of  its  low  voidage  content,  and  general  good  qualities  for  mixing, 
pensate  for  the  increased  cost.  The  gravel  cost  $1  per  ton  f .  o.  b.  Douglas, 
1.39  per  yard.  The  average  cost  of  imloading  and  hauling  to  site  was 
c  per  yard.  The  cost  of  the  sand  was  the  same.  The  sand  shows  a 
led  break  in  graduations  from  fine  to  coarse,  and  the  coarse  gnina  are 
p  and  angular. 

3ment  used  was  the  "El  Toro"  brand,  shipped  from  El  Paso  in  carload 
Water  was  secured  from  the  pipe  line  of  the  local  water  company, 
int  about  600  ft.  from  the  site. 

he  bridge  was  designed  by  the  State  Engineer's  ofiOce,  which  also  prepared 
plans  for  the  falsework  and  forms,  and  ordered  all  lumber  and  steel  and 
ent  prior  to  beginning  construction.  The  amount  of  lumber  ordered 
red  inadequate  and  extensive  purchases  were  made  in  the  local 
ket.  ^ 

ubaquBotiB  Foundations. — The  subaqueous  foundations  required  236.5  cu. 
of  excavation  and  223.7  cu.  yd.  of  concrete.  The  detailed  cost  of  this 
k  was  as  follows: 


Excavation 


eman 

orers 

v^ers 

ms ; 

cellaneous 

.Is 

'otal 

umping — 

eman; 

orers 

I 

icdhtneons 

►Is 

'otal ; 

3  chargeable  to  concreting 

Nettotal $     434  $1,837  $1,945 

68 


Per  cu.  yd. 

Per  cu.  yd. 

excavation 

concrete 

Total 

(236.5  cu.  yd.) 

(223.7  cu.  yd.) 

$    200 

$0.85 

$0.90 

649 

2.74 

2.91 

51 

.21 

.23 

24 

.10 

.11 

153 

.65 

.68 

71 

.30 

.32 

1,148 

$4.85 

$5.15 

$       28 

$0,118 

$0,125 

200 

.85 

.90 

29 

.121 

.129 

48 

.200 

.214 

148 

.605 

.660 

$     453 

$1,914 

$2,028 

18 

.077 

.083 
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Shobino 

Sheet  piles  driven,  340;  average  length,  10  ft.  Cost  per  lin.  ft.,  3,380  lin.  ft. 
at  20|k2  cts.  Board  feet  driven,  8.88  M.  ft.  at  $78.60.  Cost  per  lin.  ft.  laboi 
only,  14.6  cts. 

Per  cu.  yd.  Per  ou.  yd. 

Per  M  ft.,  excavation  concrete 

Total        B.  M.  (236.6  cu.  yd.)  (223.7  cu.  yd) 

Foreman     $45        $5.05  $0.19  $0.20 

Carpenters 8               .87  .033  .035 

Laborers 182           20. 35  .773  .820 

Lumber 255          28. 80  1  .P85  1 .  146 

Nails 4               .42  .002  •    .003 

Miscellaneous 114           12.80  .480  .507 

Tods 63             7.07  .265  .281 

Teams  and  drivers 29             3. 24  .122  .128 

Total $698         $78.60  $2.95  $3. 12 


Piling 

Excavation,  69.9  cu.  yd.  at  $1.45.  Concrete,  7.10  cu.  yd.  at  $1.41.  Number 
piles  driven,  17;  length,  8  ft.;  cost  per  lin.  ft.;  $0.7362.  Penetration,  6  ft.; 
cost  per  ft.  penetration,  $1,145.  Board  feet  driven,  0.896  M.  B.  ft.  Cost  per 
M.  B.  ft.,  $111.50.  Lumber  per  lin.  ft.,  $0.2275.  Lumber  per  M.  B.  ft.,  $34.40. 
Cost  driving  only,  per  lin.  ft.,  $0.5075.     Cost  driving  only,  per  M.  B.  ft.,  $77.(X). 

Per  cu.  yd. 
concrete 
Total       (223.7  cu.  yd.) 

Foreman •. $    4.00  $0,017 

Laborers 29.00  .129 

Teams 8.00  .034 

Drivers 8.00  .034 

Tools 17.00  .074 

Miscellaneous 6.00  .022 

Total  labor. . .    $  69. 16  $0. 310 

Lumber 30.86  .  188 

Total $100.01  $0,448 


Concreting  Materials  to  Mixer 

Yardage,  loose  material,  not  including  slag;  143  cu.  yd. 

Cost  per 
yd.  of  loose 
Total         material 

Foreman $8 .  63 

Miscellaneous 3.68  $12.00  $0,086       $0,055 

Laborers 65. 00  .449           .289 

Tools 3.00  .018           .012 

Total $80.00         $0,553      $0,356 


Concreting  Mixing — Operation 


Total 

Foreman $    6. 00 

Laborers 45. 00 

Miscellaneous 158 .  00 

Repairs 67 .  00 

Tools 33.00 

Fuel,  22  gal.  at  17  cts 4.00 

Water,  20,716  gal.  at  $1.42  per  M.  gal 29.00 

Total $332.00 


Per  cu.  yd. 

concrete 
(223.7  cu.  yd.) 

$0,024 
.202 
.708 
.253 
.147 
.017 
.132 


$1,483 
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CONCBBTINO  MdUNO — MaTKBXALB 

unber  sacks  cement  per  yard  concrete,  3.43  sacks;  net  cost  per  sack  conent, 
>;  cu.  yd.  sand  per  yard  concrete,  $0,412  cu.  yd.;  cu.  yd.  saiid  per  yard  con- 
,  $0,412  cu.  yd.;  coet  per  yard  of  sand,  $2,135;  cu.  yd.  slag  per  yard  concrete, 
.3  cu.  yd.;  cost  per  yard  of  slag,  $1,105;  cu.  yd.  gravel  per  yard  concrete, 
\2  cu.  yd.;  coet  per  yard  of  gravel,  $2,100;  per  cent  of  slag  to  total  concrete, 
>  pM"  cent;  average  gallons  water  per  yard  concrete,  90H  sal.;  cement, 
.76 — 767  sacks;  less  sacks  returned,  $72.05. 

Per  cu.  yd. 
concrete 
Total        (223.7  cu.  yd.) 

cost  of  cement $    577.00  $2.58 

I.  91.0  ou.  yd.  at  $2.135 196.00  .878 

,  136.9  cu.  yd.  at  $1.106 151 .00  .676 

rel,  52.0  cu.  yd.  at  $2.10 109.00  .488 

>tal ": $1,033.00  $4,622 

CONCBKTINa   FOBIIS 

iman $9 .  37 

sellaneous 4.58  $  14.00  $0,062 

>rers 86.00       .385 

Is 9.00       .039 

otal $109.00  $0,486 


CoNCBiTiNO— Placing 

sman $3. 61 

cellaneous 1.46$     5.00  $0,023 

orers 26.00       .119 

Is 4.00       .019 

otal $  35.00  $0. 161 

1  cost  of  pumping 18 .  00       .  081 

rand  total  placing $  54.00  $0,242 


SuilMABT 

otal  subaqueous  excavation,  $2.280.90 — cost  per  yard  excavation,  $9,637 
ou.  yd.;  concrete,  $10,215;  total  subaqueous  concrete,  $1,607.53 — cost  per 
1  concrete,  $7,183;  total  subaqueous  piling.  $100.01 — cost  per  M.  ft.,  $111.50; 
ft.,  $0.77;  yard  concrete,  $0,448;  grand  total  subaqueous  foundations, 
188 — coat  per  yard  concrete,  $17,846. 


SuBAQusous  FonNDAnoNs:  CoiiPABisoNs  OF  Cost— Excavation 

'he  following  figures  are  for  costs  per  yard  excavation: 

East        West 

abut-       abut-  Pier       Pier 

ment       ment  No.  1     No.  2 

Avation $1.65      $8.00  $4.71     $2.90 

nping 76           3. 03  1 .  46       1.  54 

nng 3.57           2.89  2,93      2.68 

ng 1.45     


'otal $5.98       $15.37     $9.10    $7.12 
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Subaqueous  Foundations:  Coup  a  bisons  op  Costs — Concbxtb 

The  following  figures  sre  for  ooets  per  yard  concrete: 

East  West 

abut-         abut*  Pier           Pier 

ment         ment  No.  1         No.  2 

Excavation $1,375     $7.75  $5.50      $3.48 

Pumping 63           2.90  1.77           1.845 

Shoring 2.965         2.77  3.49           3.205 

Piling 1.41  


Total  excavation $  4.97  $14.83  $10.76  $  8.53 

To  mixer 324  .339  .42  .31 

Mixing  operations 1.855  1.346  1.475  1.42 

Mixing  materials 5.05  4.36  4.56  4.81 

To  forms 143  .329  .86  .42 

Placing 138  .478  .055  .24 

— f    ,           


Total  concreting $7.52       $6,852     $7.37       $7.20 


Grandtotal $12.48       $21,682     $18.13       $15.73 

8upera9ueoii9  Foundations. — The  original  design,  which  called  for  rein- 
forced concrete  walls  and  columns  resting  on  24-in.  footings  at  the  bottom  of 
the  subaqueous  excavation,  was  not  followed  in  the  construction.    The 
successful  placing  of  the  reinforcing  and  concrete  as  in  the  original  design 
would  have  required  a  water-tight  sheet-piling,  and  a  concrete  seal  at  the 
bottom,  and  a  type  of  sheeting  that  would  stand  without  bracing.    Sheet-ste^ 
piling  would  have  served  this  purpose,  but  was  not  obtainable,  so  the  original 
design  was  abandoned.    Instead,  that  part  of  the  foundations  that  were 
below  water  level  were  cast  in  mass-concrete,  and  that  part  of  the  foundations 
that  were  above  the  water  level  were  put  in  according  to  the  plans.     This 
required  that  the  reinforcing  steel  be  cut  to  new  lengths.    The  East  abutment 
did  not  extend  to  sufficient  depth  to  establish  a  firm  foundation,  and  an  extra 
subfooting  was  put  imder  it,  although  the  plans  did  not  call  for  that  depth. 
The  only  difficulty  experienced  in  pouring  this  part  of  the  foundation  was  that 
the  forms  for  the  columns  were  not  strong  enough  to  stand  the  weight  of  the 
concrete,  and  they  bulged  in  spite  of  all  that  could  be  done  to  tie  and  brace 
them  in  place.    The  columns  were  on  a  skew,  and  the  concentration  of  pres- 
sure on  the  sharp  angles  overcame  the  pressure  on  the  flat  angles,  so  that  the 
columns  deformed  along  the  sharp  angles.    One  column  skewed  so  badly  it 
was  torn  down  and  replaced,  whUe  all  of  them  showed  more  or  less  deformation 
on  the  sharp  angles.    It  is  thought  that  if  a  heavy  piece  of  timber  had  been 
placed  along  the  sharp  angles,  and  tied  in  securely,  the  trouble  might  have 
been  prevented,  but  no  provision  had  been  made  for  such  timber  in  the  plans 
of  the  forms.    The  parapet  placed  on  the  abutments  as  a  continuation  of  the 
curb  on  the  girders  did  not  allow  sufficient  play  to  take  care  of  the  expansion 
and  cracks  have  developed  in  the  parapet,  especially  on  the  east  end. 

The  superaqueous  foundations  requh^d  810  cu.  yd.  of  excavation  and  the 
placing  of  87  cu.  yd.  of  concrete. 

The  yardage  as  to  excavation,  represents  the  dry  excavation  for  the  abut- 
ments. The  excavation  on  the  west  end  was  through  clay,  while  on  the  east 
end  it  was  through  hard  gravel,  requiring  blasting  to  loosen  it.  Both  excava- 
tions, after  loosening,  were  taken  out  with  scrapers.  The  yardage  as  to 
concrete  is  for  the  two  abutments  only. 


$0,066 

$0,613 

.295 

2.740 

.114 

1.050 

.114 

1.059 

.017 

.161 

.077 

.715 

.045 

.426 
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Per  cu.  yd.     Per  cu.  yd. 
Total        excavation       concrete 

lan $  53.00 

ere 239.00 

re 92.00 

8 92.00 

«ive 14. 00 

illaneouB 62. 00 

37.00 

tal $589.00         $0.7280  $6,773 

Forms-^Framino  and  Erbctino 

rdaee,  concrete.  120  en.  yd.,  based  on  total  concrete  in  superaqueous 
lations;  board  ft.  framed,  4,720  M.  B.  ft.  at  $81;  square  feet  covered,  2,488 
.  at  $0.1535;  board  feet  actually  used,  2,360  M.  B.  ft.,  $162;  cost  of  lumber 
lly  used,  2,360  M.  B.  ft.  at  $28.40;  ratio  feet  framed  to  feet  used.  2:1 ;  labor 
jmy,  per  sq.  ft.,  $0.03;  per  M.  B.  ft.,  $78.90,  framed. 

Per  cu.  yd. 
Total  concrete 

man $20.00  $0.1709 

entere T 91.00  .7626 

rere 88.00  .7810 

ellaneous 104.00  .8640 

i 3.00  .0228 

.tal  labor $306.00        $2.5512 

ber 67.00  .5580 

3 9.00  .0760 

>tal  materials $76.00         $0.6340 

>tal  labor  and  materials $382. 00         $3. 1852 

FoBiis — Stsipmnq 

Cost  per  M.  B.  ft.,  framed,  $14.00;  cost  per  square  foot,  $0.0265 

man $11.00  $0.0887 

>enters 4.00  .0334 

>rere 48.00  .3965 

;ellaneous 3. 00  .0267 

Is 1.00  .0081 

Total : $  60. 00         $0. 5634 

Tot  AX.  FoKiis:  Fb  amino  and  ERBcnNG  and  Stbipping 

otal  cost,  $449;  cost  per  cu.  yd.  concrete,  $3.7386;  cost  per  M.  B.  ft..  $95; 

per  square  foot,  $0.18;  cost  for  labor  only,  per  M.  B.  ft.,  $78.80  framed;  cost 
umber  only,  per  M.  b.  ft..  $16.20  framed,  net  cost;  per  sq.  foot,  $0,035  (net 

of  lumber);  actual  B.  ft.  lumber  used,  2.360  M.  B.  ft.;  first  cost  of  lumber 
I,  $93.05  per  M.  B.  ft.,  $39.40;  less  credits  for  scrap  recovered.  $26  per  M.  B. 
(11 ;  net  cost  of  lumber,  $67.06  per  M.  B.  ft.,  $28.40;  ratio  firet  cost  to  credits, 
279. 

CoNCRBTiNa:  To  Mixer 

ardage,  concrete,  120.0  cu.  yd.  at  $0.6689;  loose  materials,  130.4  cu.  yd.  at 
225. 

Per  cu.  yd. 
Total  concrete 

;man $7.47     

cellaneous 3.22     $11.00         $0.0892 

orers 55.00  .4580 

Is 3.00  .0217 

otal $  69.00        $0.5680 
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CoNCBSTiNa:  Mixing — Opbbation 

Total 

Foreman $    4.00  $0.0395 

Laborers 24.00  .1990 

Miscellaneous < 108.00  .8980 

Repairs 88.00  .8125 

Tools 20.00  .1666 

Fuel,  14H  gal.  at  $0.169 2.00  .0205 

Water,  13,435  gal.  at  $1,308  M 17.00  .1468 

Total $210.00         $1.7714 

CoNCBBTiNCh-^MixiNa  Matbrialb 

Number  sacks  cement  per  yard  concrete,  4  sacks;  net  cost  per  sack  ceAient, 
$0.74;  cu.  yd.  sand  per  yard  concrete — -0.37  cu.  yd.;  cost  of  sand  per  yard  sand, 
$2.18;  cu.  yd.-gravel  per  yard  concrete,  0.72  cu.  yd.  cost  of  gravel  per  yard  gravel, 
$2,145;  average  g^  water  per  yard  concrete,  120  gal.;  cement,  478  sacks  at 
$0,833,  $308.67; less  credit  tor  sacks  returned,  $44.05. 

Per  cu.  yd. 
Total  concrete 

Net  cost  of  cement  at  $6.74 $354.00         $2,945 

Sand,  44.3  cu.  yd.  at  $2.18 97.00  .806 

Gravel,  86.1  cu.  yd.  at  $2.145 184.00  1 .535 

Total $635.00         $5,286 

CONCBBTINQ   FOBMB 

Foreman $7. 98     

Miscellaneous 8.02  $11.00        $0.0916 

Laborers 39.00             .3220 

Tools 4.00              .0346 

Total $64.00         $0.4482 

CONCBBTINO — PlAOINQ 

Foreman $3.22     

Miscellaneous 1.29    $    5.00         $0.0375 

Laborers $25.00  .2066 

Toob .0016 

Total $  30.00        $0.2446 

RBiNroBCiNG — Bbnding 

Yardage,  concrete,  120.0  cu.  yd.;  pounds  steel  bent,  13,141  lb. 

Fet  tn^d.        Per  lb. 

Foreman $  5.00     $0.0427         $0.00039 

Laborers 28.00         .2330  .00212 

Tools 5.00         .0405  .00087 

Totals $38.00     $0.3162         $0.00288 

Rbinfobcing — Placing 

Foreman $  33.00  $0,278  $0.00254 

Laborers 43.00  .358  .00327 

Tools           100  .001  .00006 

Miscellaneous 24.00  .209  .00186 

Total  labor $101.00    $0,846  $0.00772 

Steel^ .    297.00      2.476  .02260 

ToUl  $398.00    $3,321  $0.03032 

Add  cost  of  bending 38.00  8162  .00288 

Total  cost  of  reinforcement $436.00    $3.6372        $0.03320 
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SUMMABT 

Per  yard 
concreU 

tal  excavatioo S    8Sd.44  I  4.92 

tal  forms 448.86  8.74 

bal  concreting ©96.09  8. 32 

tal  reinforcing 436. 19  3. 63 

and  total $2,470.58         $20.61 

RsCAPITUUkTIOX — SXTBBTBUCTUBX 

Potg.  of  total 

coat  of  Coftt  per 

count  Coet  bridge         Cu.  yd.        yard 

queoua  foundations $8,988.44       33.25  223.7         $17.85 

raqueous  foundations 2,470.58       20.55  120.0       .    20.61 

>tal  substructure $6,459.02      53.80  343.7        $18.80 

>Bt  per  yard  subaqueous  concrete,  $17.85;  coet  per  yard  Buperaqueous 
rete,  neglecting  reinforcements,  $16.98.  Average  mix  used  in  subaqueous 
rete:  1  part  cement,  8.2  parts  sand,  4.8  parts  gravel,  1.8  slag.  Average 
used  in  superaqueous  concrete:  1  part  cement.  2  parts  sand,  4  parts  gravel. 

BUPSRSTRUCTUBB 

tilaework. — The  original  plans  for  falsework  did  not  allow  of  any  adjust- 
it  between  tbe  posts  and  caps,  and  it  was  necessary  to  make  hard-wood 
ges,  and  purchase  additional  timbers  to  serve  as  bottom  caps.  Twenty 
3  were  also  driven  over  the  channel  of  the  creek. 

irtUr  FortM. — The  failure  of  the  girder  forms  to  stand  up  under  the  strain 
he  pouring  of  the  concrete  caused  the  resulting  girder  to  have  a  decidedly 
"y  appearance.    The  cause  of  this  lay  In  the  fact  that  the  inside  forms 

no  direct  support,  but  relied  on  the  outside  forms  to  prevent  ai^y  motion 
he  inside  forms  without  a.  corresponding  movement  of  the  outside  forms, 

did  not  prevent  both  forms  from  moving  laterally  together.  Not  suffl- 
it  lumber  was  provided  to  prevent  such  lateral  movement  and  when  the 
Crete  was  poured,  and  the  short  legs  imder  the  inside  forms  were  of  necessity 
loved,  the  whole  girder  warped  as  a  result  of  the  imsupported  weight  on  the 
de.  On  the  second  and  third  spans,  the  brackets  were  left  off  the  cross- 
oes  since  they  served  no  useful  purpose.  On  these  spans,  the  inside  forms 
•pped,  as  on  the  first,  but  without  pulling  the  outside  forms  so  badly  out  of 
oe.  If  it  had  been  possiUe  to  pour  the  floor  first,  and  then  set  the  girder 
ms  on  the  floor,  this  trouble  might  have  been  prevented,  but  the  nature  of 
:  reinforcement  did  not  allow  casting  the  floor  and  curb4ine  separately  fixmi 
!  girders,  and  that  method  was  impracticable.  If  sufficient  timbers  had 
in  provided  to  allow  hanging  both  the  girder  forms  from  cross-timbers 
)ported  on  posts  resting  on  the  f  fdsework,  it  would  again  have  been  possible 
avoid  the  troul^,  but  such  timbers  were  not  available. 
\n  effort  was  made  to  put  the  forms  up  in  sections,  in  order  to  save  expense, 
t  this  plan  failed  because  of  the  recessed  corners  at  the  t(^  and  bottom  of 
3  inside  panels  where  the  panels  joined  the  coping  and  the  curb.  The 
*ms  caught  in  these  recesses  and  prevented  swinging  the  forms  away  after 
uring.  Because  of  this,  each  inside  post  had  to  be  torn  down  before  the 
nels  could  be  moved.  The  same  applies  to  the  outside  posts,  but  fn  ft  lesser 
gree,  since  the  outside  posts  were  of  one  piece,  while  the  inside  posts  were  in 
ree  pieces. 


I     • 

V 

1   ; 


!     I 


*<«»«>  »vrvr  ki^u*  lui  huc  uieavy  sveei,  aoa  oro 

FoBics — Framxnq  AiTD  Erjbctin« 

Yardage  concrete,  171  cu.  yd.;  board  feet  framed.  ] 
board  feet  used,  7.679  M.  B.  ft.,  i27.65:  square  feet  cov 
coat  per  M.  B.  ft.  actually  used,  $110;  labor  cost  only  pe: 
tSO;  imtio  feet  framed  to  feet  uaed.  1.84:1. 

"••><  Peroa.y 

Total      oonereti 

FoMman..    ....: I  8S.00  10.881 

Ctepenten 184.00  1.078 

Laborers 281.00  1.645 

Miseellaneoua 74.00  .482 

T<^.. 0.00  >(H9 

TMal  labor $614.00      $8,587 

UmAm 212.00        1.850 

NiSli. 20.00  .110 

Tdtalform* $845.50      $4,047' 

■,noi  FoBM»--SwPPXNa  ,;,•', 

Qmi  ci  atrippiiic  per  M.  B.  ft.  framed,  $10.51 ;  eoat  of  •< 
$0^02014. 

Konrnan $  14.00  $0.0805 

CS^entert 7.00  .0406 

UhorvtH 70.00  .4610 

Mfaoellaneoua 4.00  .0230 

Toola. 3.40  .0212 

Total $107.00      $0.6274 

Total  Fobms — Framino.  EaBcnNo  and  I 

,    Total  eott,  $052.90;  coat  per  eu.  yd.  oonorete,  $5.57< 
framed.  $93.29;  cost  per  square  foot  covered,  $0.17894: 
M.  B.  It.  framed,  $70.50;  materials  per  square  foot.  $0. 
«mly,  per  M.  B.  ft.  framed,  $22.79;  per  square  foot.  $0,041 
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False wobk:  Fbaming  and  Ebbctxng:  Bbnts 

rdage,  concrete.  171  cu.  yd.;  board  feet  framed,  12.919  M.  B.  ft.;  board  feet 
ily  used.  8.002  M.  B.  ft. 

Per  cu.  yd.  Per  M.  B. 

Total          concrete  ft.  framed 

man f  13.00         SO. 0760  $1.0075 

enters 37.00             .2160  2.8650 

rers 74.00             .4320  5.7300 

ellaneous 17.00             .0977  1 ,2800 

i 2.00             .0108  .1348 

tallabor $142.00         $0.8325         $11.0173 

bar 260.00  1,5150  20.10 

19.00  .1160  1.46 

»tal  bents,  F.  and  £ $421 .00         $2.4625         $32.5773 

Falsbwobk:  Bbnts:  Stbippinq 

>st  of  stripping  per  M.  B.  ft.  framed,  $4.2470;  cost  of  stripping  per  cubic 
,  $0.3207. 

Per  cu.  yd.  Per  M.  B. 

Total           concrete  ft.  framed 

man 8.00         $0.0480  $     .6350 

►enters 8.00             .0467  .6200 

»rers 37.00             .2145  2.8400 

s .0028  .0860 

ellaneous 2.00             .0087  .1160 

>tal $  55.00         $0.3207         $  4.2470 

Falsbwobk:  Pilbs:  Driyinq 

>ard  feet  driven,  1,280  B.  ft. ;  linear  feet  driven,  320  lin.  ft. 

Per  cu.  yd.  Per 

Total  concrete  M.  B.  ft.  Per  lin.  ft. 

man $     9.00  $0.0543  $     7.28  $0.0290 

>enter8 9.00  .0555  7.43  .0297 

)rer8 56.00  .3300  44.10  .1765 

leUaneous 12.00  .0690  9.25  .0370 

a 36.00  .2125  28.40  .1135 

ns 9.00  .0512  6.84  .0274 

era 9.00  .0512  6.84  .0274 

>tal  labor $141.00         $0.8237         $110. 14         $0.4405 

iber 44.00  .2580  34.45  .1380 

s  (drift  pins) 6.00  .0295  3.95  .0155 

3tal  piling $190.15         $1.1112         $148.54         $0.5940 

OTAL  Falsbwobk,  Framing  and  Erbcting,  Stripping  and  Piling — 

>tal  cost,  $665.66;  cost  per  cu.  yd.  concrete,  $3.8944;  cost  per  M.  B.  ft.  framed 
driven,  $67.88;  board  feet  framed  and  driven,  per  M.  a.  ft.,  11.5;  cost  of 
r  only,  per  M.  B.  ft.,  $29.40;  per  yard,  $1.98;  cost  of  materials  only,  per 
).  ft..  $28.48;  per  yard,  $1.9144;  first  cost  of  lumber  used,  $394.99;  per  M.  B. 
38.90;  less  credits  for  scrap  recovered,  $91.27;  per  M.  B.  ft.,  $8,975;  net  cost 
mber,  $303.72;  per  M.  B.  ft.,  $20,025;  number  of  piles  driven,  20;  length,  16 

»ize,  8X8. 

Rbinforcing:  Bending 

ardagp,  concrete,  1710  cu.  yd.;  pounds  steel  bent,  30,047  lb. 

Per  cu.  yd. 

Total           concrete  Per  lb. 

man              $21.00         $0.1235  $0.00068 

jrers. 152.00             .8000  .00492 

8                 26.00             .1530  .00085 

jeilaneous 11 .  00             .0642  .00035 

)tal $211.00         $1.2307  $0.00680 
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Rbinfobcino:  Placino 
Yardage,  concrete,  171.0  cu.  yd.;  pounds  steel  placed,  30,047  lb. 

Per  cu.  yd. 

Total          concrete  Ptf  lb. 

Foreman $      27.00      $0.1695  $0.00089 

Laborers $     195.00         1.1385  .00630 

Tools 19.00           .1085  .00060 

Miscellaneous 79.00           .4630  .00256 

Total  labor $     320.00       $1.8695  $0.01035 

Steel 875.00         5.1105  .02825 

Totalplacing $1,195.00       $6.0800  $0.03860 

Add  cost  of  bending 211.00         1.2307  .00680 

Total  cost  of  reinforcement $1.404 . 00       $8. 2107  $0. 04540 

Concbetxnq:  to  Mixeb 

Yardage,  concrete,  171.0  cu.  yd.;  loose  materials,  235.5  cu.  yd.  at  $0.6280. 

Per  cu.  yd. 

Total  concrete 

Foreman $28.00  $0.1345 

Laborers 117.00  .6820 

Tools 63.00  .3690 

Total $203.00  $0.8675 

Concretinq:  Mixing  Opbbation 

Foreman $    6.00  $0.0363 

Laborers 45.00  .2665 

Water,  22,900  gal.  at  $1.41  per  M 32.00  .  1900 

Fuel,  6  gal.  oU  at  $0.80 5.00  .0281 

80  gal.  gas  at  $0.188 15.00  .0879 

Repairs 62.00  .3640 

Miscellaneous 97.00  .  5670 

Tools 63.00  .3690 

Total $326.00  $1.9088 

Concbbting:  Mixino  Materiala 

Yardage,  concrete,  171.0  cu.  yd.;  number  sacks  cement  to  one  yard  concrete. 
5.14  sacks. 

The  number  of  sacks  to  one  yard  of  concrete  is  more  than  usual.  yYaa  is  due 
to  the  fact  that  the  floor  on  the  first  span  was  resurfaded,  being  improperly  placed 
first  running. 

Net  cost  per  sack  cement $0. 7775 

Number  sacks  used 880 

Cu.  yd.  sand  per  yard  concrete 0. 4825 

Cost  of  sand  per  yard  sand $2. 415 

Cu.  yd.  gravel  per  yard  concrete 0.8950 

Cost  of  gravel  per  yard  gravel $2,410 

Average  gal.  water  per  yard  concrete 134 

Cement,  880  sacks  at  $0.8750 $769. 83 

Less  credit  for  sacks  returned 85. 29 

Per  cu.  yd. 

Total  concrete 

Net  cost  of  cement  at  $0.7775 $     685.00  $4.00 

Sand,  82.5  cu.  yd.  at  $2.415 199.00  1.165 

Gravel,  153  cu.  yd.  at  $2.41 369.00  2. 160 

Total $1 .253.00  $7,325 

Concbbting:  to  Fobms 

Foreman $  18.00  $0. 1081 

Laborers 90.00  .5275 

Tools.. 14.00  .0808 

Total $122.00  $0.7164 

Average    length     of    haul,     60    ft.     Cost    per    foot    per    yard,  $0.01194. 
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CONGBBTINO:  PLACIlfG 

oan $18.00         $0.1047 

•era 90.00  .5230 

2.00  .0182 

tal $110.00         $0.6459 

CONCBBTmO^-MlSCSLLAliaOTrS 

Per  cu.  yd. 
Total  concrete 

hing:  Cost  of  labor  only $  68. 17         $0. 3990 

e  surface  was  never  completely  finished  with  carborundum  brick,  as  was 
nally  intended,  hence  costs  per  squaie  foot  of  area  is  not  available. 

Per  cu.  yd. 

Total  concrete 

insion  jointa — ^Labor  only $      10. 00  $  .0615 

Gites  and  rockers 65 .  00  .  3820 

iphaltum,  40  gal.  at  50  ctfi 20.00  .  1170 

vr  paper,  four  rolls 9 .  00  .  0526 

-oportion  miscellaneous  and  office 4.00  .0283 


m* 


$110.0         $0.6414 

RbCAPITULATION:    SuPUtSTBUCrUBB 

Per  cu.  yd. 
Total  concrete 

ms $    953.00    $5.5744 

}ework 666.00.     3.8944 

nforcement 1,405.00        8.2107 

creting 2,137.00       12.5040 

otal $5,161.00    $30.1835 

osts  of  the  McKinley  Ford  Bridge,  La  Salle  County,  IlUaois. — The  foUow- 
data  are  ttonn.  a  detailed  account  of  the  construction  of  this  bridge  pub- 
ed  in  Engineering  and  Contracting,  Feb.  24,  1915. 

'he  McKinley  Ford  Bridge  is  located  in  Sarena  township,  La  Salle  county, 
lois.  It  consists  of  two  50-ft.  reinforced  concrete  through  girder  spans 
a  concrete  pier  and  abutments.  The  clear,  width  of  roadway  is  16  ft., 
i  the  height  of  the  pier  and  abutments,  from  bottom  of  footing  to  bridge 
t,  is  16  ft.  11  ins.  The  bridge  was  designed  under  the  "General  Specifica- 
is  for  Bridge  Work"  of  the  Illinois  State  Highway  Department.  It 
,  standard  tyi)e,  and  was  built  during  the  latter  part  of  1913,  at  an  actual 
t  of  $3,893. 

"ier. — The  center  pier  has  a  thickness  of  3  ft.  and  a  width  of  23  ft.  1  in., 
ler  coping;  a  thidmess  of  4  ft.  2  ins. ;  and  a  width  of  24  ft.  3  ins.  at  the  base; 
i  a  height,  from  bridge  seat  to  bottom  of  footing  of  16  ft.  11  ins.  The  coi)- 
has  a  width  of  3  ft.  8  ins.,  a  length  of  23  ft.  9  ins  ,  and  a  thickness  of  15  ins. 
e  footing  has  a  width  of  8  ft.,  a  length  of  25  ft.,  and  a  thickness  of  2  ft.,  and 
is  reinforced  with  a  layer  of  M-in.  square  bars,  spaced  12  ins.  on  centers, 
the  top.  near  each  end  of  the  pier,  there  is  a  recess  20  X  25  ins.  X  15  ins. 
3p  for  the  cast  iron  rockers.  A  concrete  mixture  consisting  of  1  part  cement, 
)arts  sand,  and  5  parts  gravel  was  used.  The  pier  extends  4  ft«  6  ins.  below 
3  bed  of  the  stream. 

Ah\Ument8. — The  concrete  abutments,  which  have  a  height,  from  bridge 
it  to  bottom  of  footings,  of  16  ft.  11  ins.,  are  reinforced  and  are  of  the  wing- 
ill  type,  the  wing-walls  being  of  the  cantilever  tjrpe.  The  abutments 
ive  a  thickness  of  12  ins„  with  vertical  faces,  this  thickness  being  increased 
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to  18  ins.  under  tbe  girders.  Tbe  footings  hsve  m  width  of  4  ft.  6  ins.,  m  thick- 
ness of  20  ins.,  and  extend  to  the  same  6epth  as  the  pier. 

The  wing-waUs  have  a  top  thicknem  of  12  ins.,  and  a  bottom  thicJcness  of 
18  ins.  Their  footings  have  a  width  of  6  ft.  3  ins.  and  a  thickness  of  20  ins. 
A  concrete  mixture  consisting  of  1  part  cement,  2H  parts  sand,  and  4  parts 
gravel  was  used  for  the  abutments  and  wing-walls. 

Girder: — ^The  girders  have  a  dqrth  of  5  ft.  6  ins.,  a  thifJmftW  of  top  flange  of 
26  ins.,  and  of  web  of  23  ins.,  and  are  paneled  as  shown  in  Fig.  1.  They  are 
qMoed  18  ft.  2  ins.  on  centers.  AH  exposed  edges  of  the  girders  are  beveled 
with  a  H-in.  triangular  molding,  and  all  edges  of  pands  have  a  45**  bevel. 
The  girders  are  heavily  reinforced,  the  main  reinforcing  bars  being  arranged  in 
four  rows,  sptuced  5  ins.  on  centers.  The  concrete  mixture  for  the  girders  and 
floor  system  ccmsists  of  1  part  canmt,  2H  parts  sand,  and  4  parts  gravel. 

Floor  SwUem. — ^The  bottom  of  the  reinforced  concrete  floor  slab  is  ttueh 
with  tbe  bott(Hns  of  the  girders,  winkR  the  top  is  crowned  to  confonn  with  the 
finished  roadway.  Tlie  thi<4mww  of  the  floor  slab  at  the  crown  is  13  ins.,  and 
at  the  curb  10  ins.  Drainage  of  the  roadway  is  secured  by  placing  3-in.  tile 
drains  through  the  slab  and  near  the  curb  on  8-ft.  centers.  The  wearing  surface 
(whidi  is  not  induded  in  this  contract)  consists  of  a  6-in.  layer  of  macadam. 

Cast  Iron  Rocker: — Cast  iron  rodcers  are  used  under  the  ends  of  the  girders 
whidi  rest  on  the  center  pier;  they  are  not  used  under  the  abutment  ends  of  the 
girders.  These  segmental  rodcers  have  a  thickness  of  3H  ins-t  &  depth  of  14 
Ins.,  and  a  length  of  2  ft.,  the  top  and  bottom  surfaces  of  which  are  turned  to  a 
diameter  of  7  ins. 

Steel  bearing  plates,  9  ins.  wide,  1  in.  thick  and  2  ft.  long,  are  placed  at  both 
the  top  and  bott<Hn  of  the  rockers. 

Bxpaneion  Joint. — A  H-in.  tar  ipaper  expansion  joint  is  provided  between 
the  two  girder  ^Mns.  Tar  paper  is  also  placed  on  the  top  of  the  piers  between 
the  rockers  and  the  edges  of  tbe  piers.  The  space  around  the  rockers  is  filled 
with  asphalt. 

SUMMABT   OF  MaTSUALS  RsQUISKD 

Beinforciog  steel:  Lbs. 

In  pier 160 

In  abutments 6,360 

In  saperatniGtore 36.080 

Total 42.600 

8  steel  bearing  plates 490 

4  cast  iron  rockers 1 ,  190 

C<nicrete:  Cu. 

yds. 

Class  B.  in  pier 60.4 

Class  A,  in  abatnoents 103.8 

Class  A,  in  superstructure 140.4 

Total  Class  B 60.4 

Total  Class  A 244.2 

Total  concrete  in  bridge 304. 6 

As  actually  constructed  there  were  used  in  the  construction  of  this  bridge 
308.3  cu.  yds.  of  concrete,  the  extra  3.7  cu.  yds.  being  placed  in  the  substruc- 
ture. Square  twisted  bars  were  used  for  reinforcement. 
•  Construction  Features. — Construction  work  was  started  Sept.  13,  1913,  and 
the  bridge  was  completed  Nov.  28,  1913.  The  bridge  is  located  about  four 
miles  from  the  railroad  station,  and  the  materials,  with  the  exception  of  the 
sand  and  gravel,  were  hauled  that  distance.  The  sand  was  removed  from  the 
creek  and  was  transported  in  wheelbarrows  a  distance  of  150  ft'.  The  gravel 
was  also  obtained  near  the  site,  being  hauled  about  400  ft.    About  126  cu.  yds. 
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3  total  of  187.4  cu.  yds.  of  grav^  required  irere  screened.    The  prioe8  of 

lateiials  are  given  under  "Cost  Data." 

.e  pier  was  located  in  the  bed  of  the  stream,  and  the  abutments,  one  on 

bank.     About  500  ft.  B.  M.  of  sheet  piling  were  lequiied  for  the  ooffer- 

of  the  colter  pier.    Of  the  240  cu.  yds.  of  excavation  required,  about  108 

ds.  were  dassifled  as  dry  excavation  and  182  cu.  yds.  as  wet  excavation. 

men  vi^ere  paid  65  cts.  per  hour  and  workmen  2B  da.  per  hour.    The  fate 

by  for  teams  was  45  cts.  per  hour.     ' 

8t  Data. — The  data  in  Table  XXVI  give  the  quantities  of  materialiB  used. 

init  prices,  the  cost  of  each  item,  and  the  total  actual  cost  of  the  bridge  to 

x>ntractor. 

:.B  XXVI. — Quantities  or  Materials,  Unit  Pricks  and  Total  Costs 

Cement,  416  bbls.  at  f  1.25 $     520. 00 

Hauling  cement  4  miles 65. 84 

Sand,  in  place,  117.2  cu.  yds.  at  30  cts 35. 16 

Hauling  sand  150  ft.  in  wheelbarrows  from  creek 98 .  40 

Gravel,  in  place,  187.4  cu.  yds.  at  30  cts 56. 22 

Screening  125  cu.  yds.  of  gravel 78. 20 

Hauling  gravel  400  ft 187. 18 

Form  lumber,  6,000  ft.  B.  M.  at  »22.67. 136.00 

Falsework  lumber,  3,000  ft.  B.  M.  at  $15 45.00 

Wire,  nails,  etc.,  240  lbs.  at  5  cts 12. 00 

Hauling  form  lumber  4  miles 15. 00 

Hauling  falsework  lumber  4  miles 7 .  00 

Reinforcing  steel,  42,600  lbs 816.80 

Hauling  steel  4  miles 32 .  00 

Rockers  and  plates,  1,680  lbs.  at  2  cts 33. 60 

Asphalt,  50  gals,  at  15  cts 7. 50 

Hauling  rockers  and  asphalt  at  ^.50  per  day 3 .  50 

Sheet^ling,  600  ft.  B.  M.  at  $20 10.00 

Cost  of  driving;  sheet  piling 8 .  00 

Cost  of  removing  sheet  piling 5. 00 

Labor  on  108  cu.  yds.  dry  excavation: 

Foreman,  40  hrs.  at  65  cts $  26.00 

Laborers,  344  hrs.  at  25  cts 86.00  112.00 

Labor  on  132  ou.  yds.  wet  excavation: 

Foreman,  130  hrs.  at  65  cts $  84. 50 

Laborers,  1,272  hrs.  at  25  cts 318.00  402. 50 

Cost  of  pumping  during  excavation: 

FOTeman,  9  hrs.  at  65  cts , $    5.S5 

Laborers,  104  hrs.  at  25  cts 26.00  31 .  85 

Cost  of  pumping  during  concreting: 

Foreman^  4  hrs.  at  65  cts $    2. 60 

Laborers,  34  hrs.  at  25  cts 8.50  11 .  10 

Labor,  building  forms: 

Foreman,  115  hrs.  at  65  cts $  74.75 

Laborers,  1,146  hrs.  at  25  cts 286.60  361.25 

Labor,  building  falsework: 

Foreman,  35  hrs.  at  65  cts $  22.75 

Laborers,  350.5  hrs.  at  25  cts 87. 63  110. 38 

Labor,  bending  and  placing  steel:  - 

Foreman,  36  hrs.  at  65  cts. . . , $  23. 40 

Laborers,  361  hrs.  at  25  cts 90.25  113. 65 

Labor,  mixing  and  placing  concrete: 

Foreman,  115  hrs.  at  65  cts $  74.75   . 

Laborers,  1,142  hrs.  at  2$  cts 236.50  360.25 

Labor,  removing  forms: 

Foreman,  20  hrs.  at  65  cts $  13.00 

Laborers,  231  hrs.  at  25  cts 57,75  70.75 

Traveling  expenses  of  men  from  Chicago  and  back 100.00 

Gasoline,  oU  and  incidentals 97.00 

Total $3,943.13 

Salvage  on  lumber  and  falsework 50.00 

Total  net  cost  to  contractor :..   $3,893.13 
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Table  XXVngiTeB  the  mat  costs  of  the  yarious  items  of  the  bridge.  There 
were  308.3  cu.  yds.  of  concrete  and  42,600  lbs.  of  steel  placed.  There  were 
used  on  this  woric  416  bbls.  of  cement,  117.2  cu.  yds.  of  sand,  and  187.4  cu. 
yds.  of  fcrayel.  The  costs  given  do  not  inchide  the  cost  of  removing  the  old 
bridge. 

The  cost  of  the  excavation  pw  cubic  yard  of  substnicture  concrete  was 
96.435,  and  the  cost  ci  tbe  falsework  per  cubic  yard  of  superstructure  concrete 
was  $1,278. 

Tabix  XXVII. — Unit  Coers  or  Vabioub  Itbiib 

Coat  per 

cu.  yd.  of 
Item  concrete 

Cement $  1.971 

Sand 0.448 

Gravel '     1 .  125 

Labor  on  forms 1 .  525 

Form  matmala 0.315 

Labor  on  falsework 0 .  421 

Falsewm-k  materials 0 .  161 

Steel,  in  place 3 .  24 1 

Miiing  and  placing  concrete 1 .  379 

Excavation 1 .  897 

Misodlaneoas,  not  induded  in  above 0. 145 

Total $12,628 

Cost  of  Concrete  Viaduct  at  Fort  Worth,  Texas. — The  viaduct  which  carries 
an  extension  of  North  Samuels  Ave.  across  the  Trinity  River  in  Fort  Worth. 
Texas  consists  of  nine  spans  of  50  ft. 

Tlie  following  data  are  given  in  a  description  of  the  methods  and  costs  of 
constructing  this  viaduct  by  E.  W.  Robinson,  published  in  Ekigineerlng  and 
Contracting.  April  29.  1914. 

Contraetor*»  BquipmetU. — ^The  plant  Used  <m  the  job  consisted  of  both 
new  and  second-hand  machinery,  which  invoiced  at  the  beginning  of  the  job 
at  $4,852.  It  consisted  of  the  following:  One  5-ton  "A "-frame  derrick  car 
with  a  60-ft.  boom,  operated  by  a  7  X  10-in.  D.  C.  D.  D.  hoisting  engine;  a 
concrete  chuting  plant  with  an  18-cu.  ft.  bucket  and  121  ft.  of  steel  chutes;  a 
single-drum  mine  hoist;  a  9-cu.  ft.  gasoline-driven  mixer  with  a  s^-loader;  a 
3-cu.  ft.  gasoline-driven  mixer;  25  ft.  of  swinging  leads  and  a  2,500-lb.  drop- 
hammer  which  was  operated  from  the  boom  of  the  derridc;  two  1-cu.  yd.  turn- 
over dirt  buckets  and  a  1-cu.  yd.  clam-shell  bucket;  and  two  pumps.  <me 
steam-driven  and  the  other  gasoline-driven.  The  smaU  mixer  was  used  to 
mix  the  concrete  used  in  the  railing  at  the  opposite  end  of  the  bridge  from  the 
main  plant,  which  made  it  unnece^ary  to  oi>erate  the  nu^  plant  for  the  small 
amounts  of  concrete  required  for  that  work.  The  chuting  plant  was  moved 
twice,  the  second  move  being  back  to  the  first  location. 

In  addition  to  the  above  mentioned  equipment  there  were  the  usual  petty 
tools  and  supplies  for  a  job  of  this  kind,  on  which  depreciation  is  not  far  from 
100  per  cent.  The  total  amount  expended  for  petty  tools  and  r^>airs  for  this 
job  was  $1,642.  and  these  tools  will  likely  invoice  at  about  $200,  showing  a 
depreciation  of  87  per  cent,  which  is  5.9  per  cent  of  the  pay  roll. 

MateridU  and  Proportions. — The  concrete  for  the  substructure  was  mixed 
in'the  proportions  of  1 :2H  :5,  and  for  the  superstructure,  in  the  proportions  of 
1:2:4.  The  top  H  in-  of  the  sidewalks  was  surfaced  with  a  1 :1  cement  mortar, 
which  was  floated  and  troweled  to  a  smooth  finish.  The  sand  was  bank  sand 
from  local  pits.    It  was  delivered  on  the  job  for  $1.20  per  cubic  yard.    The 
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used  was  cruibed  UmeMooe  from  t,  neaiby  town.  It  wM  nqaiiwl  to 
l-ln.  rinctor  the  1:2-A  ooncrate.  uld  to  pasa  a  Z-ln.  ring  For  tbe  1 :2H  '-^ 
te.  Tbe  atone  coat  >1.2e  p«r  Ions  HM  of  2.240  Iba,  t.  o.  b.  cws  t  t. 
rack  located  about  i^  mUerromtbe  work.  It  hub  unloaded  by  ocotncl 
.25  pet  long  Ion.  One-msD  alone  coat  piactlcaUy  tbe  ssine  on  the  job 
crushed  stone.  About  250  tons  of  this  were  used  In  tbe  abutDMati  and 
lans.  but  little  saving  was  effected  by  Ue  lua.  owing  to  tbe  blgh  coet  ol 
e  It,  B8  the  yaidage  In  each  plane  did  not  warrant  muob  outlay  lor 

■Ana  and  Placing.^Aii  of  the  ctHicrete,  except  a  imall  raidag*  in  a  pait 
nullng,  was  mixed  and  placed  thiough  the  central  plant  at  the  tower. 
vhole  aupentnicturo  between  curb*  for  one  epan  waia  poured  In  OD* 
luous  operalion.  Ihe  aldewalli  stringer,  the  oirb  abinger  and  the  sidewalk 
«in|;  poured  a  few  days  later.  The  reason  loi  this  was  because  of  the 
ity  ol  supporting  the  side  f  omu  lor  the  curb  stringers  to  line  and  grade 
the  concrete  on  the  roadway  alab  was  alUl  green. 


Fio.  IS. — Croaa-aection  of  roadway— Fort  Worth  Viaduet. 

e  mala  towere.  which  were  approiimately  1 10 II.  high,  were  so  designed 
the  concrete  would  reach  all  points  on  a  grade  of  not  Itta  than  1  In  4. 
svet.  the  arrangement  was  not  always  followed  as  Intended,  and  occa- 
Uy  this  slope  was  flattened.  The  maximum  distance  which  the  concrete 
chuted  was  2so  It.,  and  no  ti-ouble  was  experienced  except  when  a  dry 
1  was  run  through,  which  caused  the  following  batch  lo  spill  over  the 
of  the  chutes. 

«  stone  and  sand  were  dumped  as  near  aa  posaible  to  tbe  mixer,  and  neni 
eyed  from  Ihe  piles  10  tbe  hopper  of  the  self-loader  in  wheelbarrows, 
lugh  at  times  of  short  duration  tbe  ctutenle  was  properly  mixed  and 
^ted  al  the  rate  ol  30  or  3S  cu.  yds.  per  hour  this  rate  could  not  be  niali>- 
d  lor  any  great  length  ot  time.  A  good  average  (or  Ihe  ^rbale  day's  run 
20  cu.  yds.  per  hour.  A  high-speed  mine  hobl  was  used  tor  ralaiag  tbe 
et  In  Ihe  tower,  and  there  were  no  delays  fnun  that  aourca    Tbe  typical 
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organization  of  the  concrete  gang  for  a  day's  run  was  3  men  on  the  sand,  6  men 
on  the  stone,  2  men  bringing  and  emptying  the  cement  into  the  mixer,  1  man 
eadi  to  run  the  mixer  and  hoister,  and  4  men  on  top  placing  and  working  the 
concrete  around  the  reinforcement  and  shifting  the  chutes.  However,  the 
above  organization  would  vary  according  to  the  location  and  condition  of  the 
stone  and  sand  piles. 

Co9t  Data. — The  general  foreman,  or  timekeeper,  was  required  to  make  out 
daily  reports  blowing  the  number  of  hours  spent  each  day  on  each  item  of 
work,  together  with  the  wage  rate.  These  reports  were  filed  in  the  office, 
together  with  the  progress  charts  and  photographs,  and  constitute  a  complete 
record  of  the  progress  of  the  work  as  wen  as  furnishing  a  method  of  determining 
the  cost  of  ^e  various  classes  of  work  done.  The  man  who  made  out  these 
reports  was  required  to  make  tiie  totals  check  with  the  total  time  turned 
in  for  the  pay-roll.  In  this  wi^  the  total  cost  of  labor  is  absolutely  correct, 
although  the  different  items  may  be  in  error  to  some  extent. 

Eight  hours  constituted  a  day's  work  except  in  an  emergency.  For  the 
first  week  or  two  common  laborers  were  paid  $1.75  per  day,  but  for  practically 
the  whole  work  these  laborers  were  paid  $0.25  per  hour.  For  the  last  month 
or  two  the  price  paid  to  the  common  laborers  was  cut  to  $0.20  per  hour,  with 
the  exception  of  a  few  of  the  more  energetic  ones.  Colored  labor  was  used 
largely  throughout  the  job,  and  proved  to  be  fairly  efficient,  with  competent 
supervision.  Carpenters  were  paid  the  union  scale  of  $0.50  per  hour,  with 
time  and  a  half  fOr  overtime  and  with  Saturday  afternoons  off.  Skilled 
laborers,  such  as  riggers  and  hoisting  engineers,  were  paid  from  $0.35  to  $0.50 
per  hour.  Foremen  were  paid  from  $0.50  per  hour  to  $25  per  week  straight 
time.  The  average  price  per  hour  for  all  labor,  including  general  labor,  on  the 
whole  job  was  $6.34  per  hour.  The  item  "General"*  amounted  to  13.4  per 
cent  of  the  total  labor  cost,  and  it  has  been  apportioned  to  the  different  items 
to  obtain  the  unit  costs  given  in  Table  XXVIII. 

Tabls  XXVIII. —  QuANimsB  and  Unit  Costs  of  Vabioub  Itbiib 

Unit 
Item  and  quantity  cost 

Dry  excavation,  1,819  cu.  yds $0. 383 

Wet  excavation,  920.6  cu.  yds 2. 196 

Erecting  substructure  forma,  38,876  sq.  ft 0.086 

Erecting  substructure  forms,  3,413.6  cu.  yds 0.971 

Wrecking  substructure  forms,  38,876  sq.  ft 0.017 

Wrecking  substructure  forms,  3,413.6  cu.  yds 0. 190 

Erecting  superstructure  forms,  44,460  sq.  ft 0. 149 

Erecting  superstructure  forms,  1,237.2  cu.  yds 5.346 

Wrecking  superstructure  forms,  44,460  sq.  ft 0.025 

Wrecking  superstructure  forms,  1,237.2  cu.  yds ^ . .  0.938 

Bending  and  placing  reinforcing  steel,  123.9  tons 13.42 

Driving  foundation  piles,  200 2.995 

Preparmg  concrete  plant,  4.650.8  cu.  yds 0.302 

Mixing  and  placing  concrete,  4,650.8  cu.  yds 0.823 

Railing,  complete.  906  lin.  ft ' 1 .396 

Railing,  complete.  76.9  cu.  yds ^6.44 

Placing  rip-rap,  690  cu.  y6a 0. 129 

*  The  item  "QeoBral"  is  intended  to  cover  all  labor  which  is  general  in  its 
nature  and  cannot  be  charged  to  any  particular  class  of  work,  8u<^  as  that  of 
the  superintendent,  general  foremian,  night  watchman,  and  water  boy. 
This  cost  is  kept  as  a  separate  item,  and  is  distributed  to  all  other  items  in 
propoition  to  their  total  costs. 
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ellaneou9  Data. — The  following  quantities  of  lumber  were  delivered  and 
1  the  job: 

Ft.  B.  M. 

60.161 

id  3-in • 98 .  848 

n.  to  8  X  12-in 87 ,  840 

aneous  and  seeond-hand 20 ,  800 

1,  various  sizes 217 ,  649 

tiis  amount  between  7,000  and  8,000  ft.  B.  M.  of  the  1-in.  lumber  had  a 
3  yshlue  of  from  one-half  to  two-thirds  its  cost  price.  There  was  also 
the  same  amount  of  2-in.  and  3-in.  lumber  which  could  be  used  again  or 
second-hand  lumber.  Practically  all  of  the  large  timbers  were  in  good 
at  the  end  of  the  job,  but  in  the  smaller  sizes  the  loss  approximated  50 
it  or  more. 

quantities  of  materials  given  below  are  reduced  to  the  amounts  used 
bic  yard  of  concrete  or  per  square  foot  of  forms,  as  the  case  may  be: 
0.104  lbs.  per  sq.  ft.  of  forms. 
0.107  lbs.  per  sq.  ft.  of  forms, 
it,  1.207  bbls.  per  cu.  yd.  of  concrete 
0.504  cu.  yds.  per  cu.  yd.  of  concrete, 
ed  stone,  1.04  long  tons  per  cubic  yard  of  concrete. 
!  wire  used  is  reduced  to  the  amount  per  square  foot  for  the  total  area 
d,  although  it  should  be  borne  in  mind  that  no  wire  was  used  on  the 
n  area  of  all  slabs  and  beams. 

» daily  record  of  the  quantity  of  cement  used  in  all  the  different  members 
d  that  98.9  per  cent  of  the  total  amount  delivered  on  the  job  was  used 
lat  1.1  per  cent  was  lost,  wasted  or  otherwise  not  accounted  for.  The 
ity  of  cement  per  cubic  yard  of  concrete  given  above  includes  this  waste, 
3,  which  was  added  to  thcf  amounts  taken  from  the  record.  The  number 
pty  sacks  for  which  no  credit  was  given  at  the  mill,  due  to  loss  and 
ge,  amounted  to  8.3  per  cent  of  the  total  number  ordered, 
determining  the  quuitity  of  sand  and  stone  used  per  cubic  yard  of  con- 
deduction  was  made  from  the  total  yardage  for  the  actual  volume  of 
lan  stone  used  therein.  No  record  was  kept  of  the  quantity  of  sand  and 
used  in  the  separate  members. 

Qstruction  was  started  the  latter  part  of  May,  1913,  and  the  work  was 
leted  in  January,  1914. 

e  total  bidding  price  of  the  viaduct  was  $54,339.63,  but  owing  to  increases 
;  quantities  over  the  engineer's  estimate,  due  to  changes  in  the  plans,  the 
contract  price  was  $57,303.48.  Although  all  of  the  work  never  ceased, 
it  during  the  very  heaviest  rains,  the  whole  progress  was  delayed  several 
3  on  account  of  high  water.  Some  material  was  lost  by  floods  during 
jmber  and  December.  Fortunately,  each  time  the  water  rose  to  an 
iial  height  it  happened  that  there  were  no  newly  poured  spans  on  the 
;7ork  in  the  channel. 

16  cost  per  sq.  ft.  was  about  $3.07,  based  upon  the  contract  price  of 
139.63  and  the  total  area  of  the  viaduct.) 

st  of  Main  Street  Concrete  Viaduct,  Fort  Worth,  Texas. — The  contract 
of  tlie  Main  Street  Viaduct,  Fort  Worth,  Tex.,  given  in  Engineering  and 
racting,  March  10,  1915  in  an  abstract  of  a  paper  by  S.  W.  Bowen  in 
eedings  A.  8.  C.  E.,  Vol.  XL,  follows: 
69 
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The  viaduct  has  a  54-ft.  dear  roadway  and  two  8-ft.  sidewalks.  The 
general  dimensions  and  type  of  construction  are  shown  in  Fig.  13. 

Because  of  the  sudden,  large  and  rapid  rises  to  which  the  Trinity  River  is 
subject  it  was  thought  advisable  to  use,  at  least  for  the  arch  spans,  a  method 
of  construction  that  would  not  require  faI|ework  in  the  stream. 

After  a  careful  consideration  of  various  typ^,  it  was  decided  to  use,  for  the 
main  spans  of  the  viaduct,  three-hinged,  ribbed  arches,  with  structural  steel 
reinforcement  designed  to  support  the  weight  of  the  forms  and  the  plastic 
concrete  of  the  ribs  and  braces  during  construction.  For  the  approach  ^ans 
and  for  the  river  spans  of  the  smaller  viaducts  girder  spans  were  adopted. 

The  three-hinged  arch  was  selected  because  it  would  not  be  strained  by 
unequal  settlement,  because  the  stresses  are  statically  determinate,  and 
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Fia.  13. — General  elevation  of  Main  Street  viaduct,  Fort  Worth,  Tex. 


Table  XXIX. — QuANrmus  or  Matbrials  and  Cost  of  Viaduct 

Item  Unit  Per- 

No.           Description                    Quantity  price  Cost  oentage 

1  Grading 4.720  cu.  yds.  $  0.35  $     1,652.00  0.43 

2  Foundation     ezcava-         15,227  cu.  yds.  1.00  15,227.00  3.96 

tion 

3  Rook  excavation 444  cu.  yds.  2.00  888.00  0.23 

4  (a)    Concrete    No.    1 

(1:2:4) 10,611  cu.  yds.  10.25  108.762.75  28.16 

(b)  Concrete    No.    2 

(1:2H:5) 14,880  cu.  yds.  6.85  101,928.00  26.40 

(c)  Concrete    No.    3 

(1:3:6) 438  cu.  yds.  6.25  2.737.50  0.71 

5  Railings 3.875  Hn.  ft.  2.00  7.750.00  2.01 

6  Structural  steelwork .   1 ,  537 .  400  lbs.  0 .  05  76 ,  870 .00  19  90 

7  Steel  reinforcing  bars.  1.375.150  lbs.  0.035  48,130.25  12.46 

8  Steel  castings 205.460  lbs.  0.07  14,382.20  3.72 

9  Iron  castings 11.173  lbs.  0.04  446.92  0.11 

10  Anchor-bolts  and  T. 

P.  casings 21.311  lbs.  0.06  1.278.66  0.33 

11  Steel  dowels 98  3.00  294.00  0.08 

13  Rip-rap 836  cu.  yds.  1.60  1.254.00  0.32 

14  Manholes 2  50.00  100.00  0.03 

15  Removing  old  bridge.  2.500.00  0.65 

17  Timber^lee........               194  10.00  1,940.00  0.50 

Total $386,141.28  100,00 
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se  the  temperature  stresBeB  are  eliminated.  Ribbed  oonstructioii  was 
ed  as  being  ligbt  and  best  adapted  to  the  use. of  hinges,  and  also 
se  no  waterproofing  would  be  required.  Structural  reinforcement  for 
bs  and  braces  was  used  in  order  to  dispense  with  falsework,  as  far  as 
>le. 

3  cost  of  the  viaduct,  per  linear  foot,  was  $244.60;  the  cost,  per  square 
>f  horizontal  projection,  was  $3.66;  the  cost,  per  square  foot  of  yertical 
ction,  was  $6.34;  and  the  cost,  per  cubic  foot  of  yolume,  between  finished 
id  line  and  crown  of  roadway,  was  $0,091.  The  total  estimated  cost  of 
iaduct,  including  paving,  lighting  and  engineers'  fees,  was  $428,882. 
e  cost  per  square  foot  of  ver- 
projection  is  based  on  the  area  a6r 
le  projection  of  the  viaduct  be-  |  ^ 
1  the  finished  ground  line  and  ^ 
top  of  the  roadway.  For  the 
ontal  projection,  the  extreme 
ti  over  the  copings  or  stringer 
lings  was  taken.  In  computing 
cost  per  cubic  foot  the  volume 
ded  between  vertical  planes 
Ligh  the  copings  and  between  the 
led  ground  line  and  the  top  of 
roadway  was  taken.  The  total 
on  which  the  above  imit  costs 
>fised  is  the  cost  of  the  structure 
d  on  the  contractor's  unit  prices 
the  quantities  as  given  in  the 
i,  to  which  has  been  added  the 
of  the  paving,  lighting,  and 
aeers'  fees. 

conomic  Height-Limit  of  Retain- 
Wall  as  Compared  with  Viaduct 
straction  for  Hill  Side  Road. — 
constructing  the   side-hill   road 

id  Beardsley  St.,  in  Kansas  City,  comi)arative  cost  studies  were  made  to 
rmine  at  what  height  (from  foundation  to  grade)  viaduct  construction 
Id  be  more  economical  than  retaining  walls  with  fills, 
he  following  cut  reproduced  from  Engineering  News-Record,  June  13, 
i,  shows  the  general  method  used.  The  solution  in  this  particular  case 
3  the  economic  height-limit  of  the  retaining  wall  construction  as  26  ft. 
1  applying  this  method  to  other  conditions  it  would  be,  of  course,  neces- 
'  to  make  a  new  diagram  plotted  from  estimates  for  those  conditions, 
est  of  Steel  Highway  Bridges  and  Floors. — The  following  data,  given 
Engineering  and  Contracting,  Jan.  1,  1915,  are  taken  from  a  paper  by 
ford  Older  (Bridge  Engineer,  Illinois  Highway  Commission)  presented  at 
annual  convention  of  the  American  Road  Builders'  Association  in  Chicago, 
:.  14-18,  1914. 

iaintenance  of  Bridge  Floors. — Definite  statistics  in  regard  to  the  number 
.  length  of  highway  bridges  for  any  considerable  mileage  of  highways  are 
Icult  to  obtain  and  are  not  at  present  available.  In  some  states,  however, 
are  able  to  ascertain  the  amount  of  the  total  expenditure  for  bridge  work 
all  kinds.    Available  information  of  this  kind  seems  to  indicate  that 
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approximately  one-half  of  the  funds  raised  for  ordinary  road  and  bridge  pur- 
poses are  expended  in  the  renewal  and  maintenance  of  bridges. 

It  is  evident,  therefore,  that  if  maintenance  expenditures  are  to  be  reduced 
to  the  minimum  highway  bridges  and  bridge  floors  should  receive  careful 
consideration. 

Judging  from  conditions  in  Illinois  it  is  probable  that  at  least  90  per  cent  of 
all  existing  hi^^way  bridges  are  provided  with  nothing  better  than  plank 
floors,  and  that  the  maintenance  of  these  floors  costs  approximately  15  per  cent 
of  the  total  expenditure  for  road  and  bridge  maintenance,  or  about  $10  p^ 
mile  ot  road  i)er  annum. 

Floors  for  New  Bridges. — It  is  a  simple  matter  to  provide  sufficient  strength 
in  the  design  of  a  new  bridge  to  accommodate  any  of  the  various  modem  types 
of  floors  or  wearing  surfaces. 

It  seems  desirable  to  select  a  tjrpe  of  floor  which  will  permit  the  use  of  a 
wearing  surface  of  the  same  kind  as  that  on  the  adjacent  highway,  so 
that  the  same  method  of  ms^ntenance  may  be  used  on  the  bridge  floor  as 
elsewhere. 

The  difference  in  weight  of  vaious  types  of  floors  has  but  little  effect  on  the 
design  and  cost  of  concrete  bridges.  Steel  bridges,  however,  are  materially 
affected,  both  in  design  and  cost,  by  a  comparatively  small  variation  in  the 
weight  of  the  floor.  The  saving  in  the  weight  and  cost  of  the  steel  in  the  trusses 
and  floor  system  for  the  lighter  floors  may  out-weigh  the  advantage  of 
having  the  same  wearing  surface  on  the  bridge  as  elsewhere  on  the  highway. 

Floors  for  steel  bridges  only  will  be  considered  in  this  discussion. 

It  is  desirable  to  provide  an  independent  wearing  surface  so  that  even 
though  the  pavement  may  be  worn  practically  through,  the  bridge  will  still 
carry  traffic  with  safety. 

The  bridge  floor  should  then  preferably  consist  of  two  elements:  The  sub- 
floor,  which  should  be  as  permanent  as  the  bridge  superstructure,  and  should 
provide  the  necessary  strength  to  transmit  the  highway  loads  to  the  floor 
supports;  and  a  wearing  surface  of  such  character  as  to  permit  of  economical 
maintenance. 

In  considering  construction  materials  for  both  of  these  elements  the  matter 
of  weight  increases  in  importance  with  the  length  of  span.  For  sub-floors  of 
the  more  permanent  type  buckle-plates  with  concrete  covering,  reinforced 
concrete,  and  creosoted  plank  cover  the  field.  For  wearing  surfaces,  bride, 
concrete,  creosoted  blocks,  macadam  gravel,  mixtures  of  bituminous  mate- 
rials with  sand,  gravel  or  stone,  plank,  ordinary  soil,  and  practically  all  other 
varieties  of  surfacing  materials  have  been  used. 

In  comparing  costs  it  is  necessary  to  consider,  not  only  the  cost  of  the  floor 
and  its  maintenance,  but  also  the  effect  of  the  weight  of  floor  selected  on  the 
design  and  cost  of  the  remainder  of  the  bridge. 

Classifieation  of  Floors, — For  the  purpose  of  considering  the  effect  of  the 
weight  of  the  floor  on  the  design  of  the  superstructure  the  various  types  of 
floors  are  herein  grouped  in  four  classes,  as  follows: 

Class  A  Floors. -r-FlooT3  which  weigh  approximately  100  lbs.  per  square  foot 
of  roadway  surface  are  included  in  Class  A.  Floors  consisting  of  a  reinforced 
concrete  sub-floor,  assumed  to  weigh  50  lbs.  per  square  foot,  on  which  is  placed 
a  wearing  surface  of  concrete,  brick,  macadam  or  gravel,  are  of  this  class. 
The  wearing  surface  is  assumed  also  to  weigh  50  lbs.  per  square  foot  of  road- 
way surface. 

Class  B  Floors. — Floors  which  weigh  approximately  66  lbs.  per  square  foot 
of  roadway  surface  are  included  in  Class  B.     Floors  consisting  of  a  concrete 
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oor,  with  a  creosoted  block  wearing  surface,  and  floors  consisting  of 
>ted  plank  sub-floors  with  a  brick  wearing  surface,  are  of  tliis  class. 
sa  C  Floors. — Floors  which  weigh  iH;>proximately  32  lbs.  per  square  foot 
Lcluded  in  Class  C.  Floors  consisting  of  a  creosoted  plank  sub-floor, 
a  creosoted  block  wearing  surface,  are  included  in  this  class. 
,ss  D  Floors. — Floors  which  weigh  approximately  26  lbs.  per  square  foot 
icluded  in  Class  D.  Floors  consisting  of  a  creosoted  plank  sub-floor, 
a  wearing  surface  about  ^  in.  thick  and  composed  of  a  mixture  of  gravel 
>ituininous  material,  are  of  this  class. 

Lckle-plate  floors  are  not  considered,  as  they  weigh  as  much  and  cost 
than  concrete  sub-floors. 

M  Bifuminous  Pett 
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Closs  D 
Fig.  14. — Standard  types  of  bridge  floors,  Illinois  Hichway  Department. 

Standard  Types  of  Floors. — Figure  14  shows  standard  designs  used  by  the 

inois  Highway  Department  for  the  floors  above  mentioned. 

The  creosoted  plank  sub-floors  (Class  C  and  Class  D)  are  crowned  by  bend- 

;  the  plank  over  the  stringers  and  anchoring  the  ends  to  the  nailers  by  means 

lag-sere^. 

The  creosoted  blocks  (Class  B  and  Class  C)  are  laid  on  a  H^in.  bituminous 

t  cushion,  which  is  coated  with  asphalt  inunediately  before  laying,  the  blocks. 

Ship-lap  sub-plank  are  used  for  floors  having  a  bittmiinous  gravel  wearing 

rface.    The  use  of  this  form  of  sub-plank  has  been  found  to  be  the  cheapest 

id  most  effective  method  of  preventing  the  leakage  of  the  bituminous 

aterial. 
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Bxplanolitn  of  Cvrrn. — The  cuiveg  shown  In  Pli*.  IB  give  the  vdgbt 
of  the  struclmal  iteel  In  bridge  Buperatnictura  ae  a  percentage  of  tbe  vmi^t 
at  the  ileel  bl  euperatnictuiei  hkTlng  Class  A  floon.  tbat  is,  the  weight  of 
aupentnicture  steel  In  bridges  haviiig  floon  weighing  100  llw.  per  squue  toot 
Is  taken  aa  100  per  cent  and  the  weight  ol  steel  required  for  the  lighter  floors 
*  percentage  of  this  weight. 


These  curves  are  based  on  tne  weight  of  sleel  in  spans  which  conform  to  the 
standard  designs  of  the  Illinois  Highway  Department.  The  deaigna  used 
provide  tor  lO-ft.  roadways.  The  curves  were  checked  at  a  number  o( 
points,  howerer,  lor  IS-fl.  roadway  designs,  and  were  tound  to  conform  ver; 
closely.  These  curves  are  sufficienlly  accurate  to  enable  a  designer  to  deter- 
,  mine  the  relative  coHt  ol  steel  superstructures  having  floors  ot  various  types 
and  weights. 
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in  in' 

wight  of  8 

ileel  (or 

a  variation  at  10 
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average  per  a 

square  toot  in  the  weight  ot  the  floor. 

Figure  iTahows  the  averageconCractpriceslortbe  Illinois  Highway  Deput- 
ment  standard  IWt.  roadway  steel  spans  vrith  mmn  complete.  For  spans  up 
to  80  ft.,  Induslve.  riveted  pony  trusses  are  used,  and  tor  spans  from  90  to  ISO 
ft.,  riveted  Pratt  trusses  are  used.  This  range  ot  span  length  coven  at  least 
80  per  cent  of  the  highway  bridges  in  lUlnols. 
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' — Sub-floor  coanret?,  BurfiuM  eoDotet*, 

'—Sub-floor  concrele,  .urfiw  block*. 

'—Sub-floor  pUnk,  luHBcn  bloolis. 

"—Sub-floor  pUnli.  lutfiins  biCumiaouB. 

." — Sub-Boor  pUnk,  lurlus  bitumiDou*— iocluda  cBpiuluad  s 

" — UntreAtcd  phah  floor — includea  opitaliied  muntenaniw. 

Total  Cost  of  Suoerstrucfure  in  Dollars 


s 

Is 

I 
I 

17. — Average  contrut  prices  tor  tUiooii  Hicbwsy  DepsrtmaDt  atandard 
JA-Ftr  roadway  etiwl  apatia  hqviaj  v&rioua  types  oi  floors, 

e  average  contract  price  of  materlalg  it  as  lolknra: 

Structural  steel  complete  in  place,  per  lb. , t  0.O3K 

Concrete  Bub-fioon,  in<:ludiiiK  reinforcmg  iteel,  per  cu. 

vfi 12,00 

0.90 


ite  wearinc  surface,  4  iOB.  thick,  per  eq,  yd 

<ted  Bub-pIaDk    (12-lb,   treatment),   complete  in 

8,  per  M  It.  B.  M 

.ted  block  wearint  surface,  per  sq.  yd 

inoui  navel  weanof  ■urtace,  per  eq.  yd. . . 


B  average  cost  □[  aub-Boor  and  weariDg  surface  per  llnem  loot  of  16-1 
roadway  (l.TS  sq.  yds.  Includios  curbaj  ia  ae  foUowa: 

Per  lin.  /» 

ft.) .' »4.as 

irete  aub-floor  with  creosoled  block  wsarina  aurface  (wt.  dH  tba. 

r  sq.ft. 5.80 

soted  plank  sub-floor  with  ereoaoted  block  wearing  eurfaee 


s'oted  ^ank  sub-floor 


h  bituminoui  (t 


wema  probable  that  undn  avertiee  conditions  the  length  of  life  o1  tlie 
a  repreeent^  by  the  upper  three  tull-llne  curves  of  Fig.  IT  may  equal 
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that  of  the  lemainder  of  the  superstructure  and  that  the  cost  of  mainte- 
nance  for  this  period  wouid  be  small. 

The  experience  of  the  Illinois  Highway  Department  seems  to  indicate  that, 
under-  average  conditions,  the  bituminous  wearing  surface  requires  a  light 
treatment  of  oil  and  stone  chips  or  screened  gravel  at  intervals  of  about  f  our 
years,  at  a  cost  of  about  10  cts.  per  square  yard,  and  a  probable  complete 
resurfacing  once  in  about  twelve  years,  at  a  cost  of  approximately  60  cts.  per 
square  yard.  This  amoimts  to  7H  cts.  per  square  yard  per  annum.  Adding 
to  the  first  cost  of  the  bridge  the  maintenance  charge  capitalized  at  6  per 
cent  there  results  the  values  represented  by  curve  Dl,  Fig.  17.  The  position 
of  this  curve  indicates  that  it  would  be  preferable  to  use  creosoted  block  or 
other  floor  in  building  new  structures. 

Probably  95  per  cent  of  existing  steel  highway  bridges  were  originally 
designed  for  ordinary  plank  floors.  Under  average  conditions,  and  at  the 
present  price  of  yellow  pine,  which  is  the  material  now  quite  generally  used, 
the  annual  cost  of  maintaining  such  floors  is  about  35  cts.  per  square  yard. 
The  flrst  cost  plus  the  maintenance  charge  capitalized  at  6  per  cent  gives  the 
results  represented  by  curve  E,  Fig.  17. 

Conclusions. — It  is  evident  that  ordinary  plank  floors,  having  an  average 
life  of  not  more  than  SH  years,  are  to  be  avoided  whenever  possible. 

It  is  to  be  noted  that,  with  the  exception  of  the  floor  with  the  bituminous 
surface,  the  cost  of  the  floor  increases  as  the  weight  decreases,  yet  the  cost  of 
the  entire  superstructure  decreases  as  the  weight  of  floor  decreases. 

The  saving  in  cost  for  the  lighter  floors  increases  with  an  increase  in  the  unit 
.cost  of  structural  steel  in  place,  and  decreases  with  an  increase  in  the  cost  of 
the  materials  used  in  such  floors. 

In  re-flooring  old  steel  bridges  of  satisfactory  design,  creosoted  sub-planks 
with  a  bituminous  wearing  surface  have  been  found  to  give  reasonable  service. 
The  weight  is  somewhat  greater  than  that  of  a  plank  floor,  but  the  effect  of  the 
added  weight  is  probably  offset  by  the  reduction  of  impact,  due  to  the  com- 
paratively smooth  and  yielding  surface. 

The  cost  of  maintaining  the  bituminous  surface  is  only  about  20  per  cent  of 
that  of  an  ordinary  plank  floor. 

There  seems  to  be  no  place  in  the  economic  design  of  new  highway  bridges 
for  floors  consisting  of  a  creosoted  plank  sub-floor  with  a  brick  wearing 
surface,  as  the  life  of  such  a  floor  could  hardly  be  greater  than  that  of  Class  C. 
Fig.  14,  while  the  cost  of  the  complete  superstructure  would  be  greater  than 
that  represented  by  curves  B  and  C,  Fig.  17. 

The  floors  listed  imder  Class  A  seem  hardly  to  be  justifiable,  except  for  short 
spans,  unless  other  considerations  outweigh  first  cost. 

Bconomic  Panel  Length  for  Bridge  Floors  of  Concrete  Slabs  on  Steel 
Beams. — William  Snaith  gives  the  following  data  in  an  article  "Standard 
Bridge  Floors  of  Concrete  Slabs  on  Steel  Beams"  published  in  Engineering 
News-Record,  July  12,  1917. 

The  floor  systems  investigated  have  been  designed  to  meet  the  usual  stand- 
ard specifications  as  to  construction.  The  dead-load  D  is  taken  to  include 
the  weight  of  the  concrete  slab,  the  supporting  steel  and  two  hand-rails  each 
weighing  200  lb.  per  lin.  ft.  The  live-load  L  is  either  a  15-ton  road  roller  or  a 
uniform  load  of  100  lb.  per  sq.  ft.,  whichever  gives  the  greatest  stresses.  The 
roller  is  assumed  to  consist  of  two  back  wheels  with  20-in.  face  and  5-ft.  center 
to  center  and  of  one  front  wheel  with  40-in.  face,  the  axles  beUig  10  ft.  center 
to  center  and  the  load  on  each  of  the  three  wheels  being  10,000  pounds. 
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effect  of  impact  is  calculated  from  the  formula: 
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18. — Estimated  ooets  of  floors  per  square  foot,  including  floor-beams, 

stringers,  slab  and  curb. 

3  impact  formula  will  give  imiformly  better  results  than  a  straight  per- 
tage  of  the  live-load  or  a  formula  based  only  on  live-load  and  panel  length, 
verage  prices  for  steel  beams  in  place  in  bridge  floors  and  for  concrete  in 
;e  were  assiuned,  and  the  total  cost  of  one  bay  (slab,  curb,  stringers  and 
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floorbeam)  was  calculated.  These  values  were  divided  by  the  area  of  floor 
supported  (nominal  width  multiplied  by  panel  length),  and  the  results  were 
expressed  in  curves,  Fig.  18. 

Owing  to  the  use  of  commercial  sizes  and  abrupt  changes  in  loading,  when, 
for  example,  the  whole  roller  is  taken  into  account  instead  of  only  two  bac^ 
-vdieels,  or  when  the  uniform  live-load  replaces  the  roller  load  in  the  calcula- 
tions, these  curves  are  not  smooth  and  actually  cross  over  one  another.  It  is 
not  to  be  understood  that  the  figures  represent  actual  probable  costs;  they 
are  approximate  only  and  wiU  be  affected  by  changes  in  cost  of  materials  and 
locidity.  However,  they  are  of  value  for  purposes  of  comparison  and  clearly 
indicate  the  economic  panel  length  when  the  floor  systems  only  are  considered. 

Alternative  floor  systems  were  carefully  calculated  by  the  same  methods  as 
those  ad(^ted  and  proved  to  be  more  expensive  in  every  case.  An  interesting; 
comparison  was  made  in  the  case  of  the  16-ft.  roadway  system.  Five  systema 
were  investigated  out  with  various  thicknesses  of  slab  and  were  plotted  simi- 
larly to  Fig.  18.  The  four-stringer  system  shows  a  notable  economy  at  all 
spans.  The  ^ven-stringer  system  is  almost  as  economical  at  10-ft.  panel 
length  as  the  four-stringer  system  and  least  so  at  35-ft.  panel  length.  Exactly 
the  reverse  is  true  of  the  six-stringer  system.  The  way  in  which  the  curves 
crossed  one  another  would  show  that  no  general  statement  would  be  war- 
ranted that  the  fewer  the  stringers  the  greater  the  economy.  Each  case 
must  be  settled  on  its  merits. 

The  amounts  of  the  errors  due  to  the  various  assumptions*  were  carefully 
investigated.  They  are  inconsiderable  and  invariably  on  the  side  of  safety 
The  expression  of  the  dead-load  figures  in  multiples  of  25  lb.  will  not  in  any 
case  involve  an  error  of  more  than  1  per  cent  in  the  total,  and  the  effect  of  the 
round  figures  adopted  for  the  roller  loadings  on  the  side  stringers  does  not 
exceed  the  actual  loadings  by  more  than  4  per  cent  of  the  total  results  at 
35-ft.  panel  lengths.  The  sum  of  the  three  errors  above  will  hardly  amount 
to  4  i)er  cent  for  panel  lengths  less  than  20  ft.  and  not  more  than  6  per  cent  at 
35  ft.  in  any  instance. 

Pabticulars    or  Standard   Floor   Ststbhb   Considbrbd   in   Analysis  or 

Stressbb 

Dimensions    of   standard 
floor   systems 

Clear  width  of  roadway,  in  ft 12  14  16  18  20 

Number  of  stringers 3  4  4  4  5 

Thiclcness  of  slab,  in  in 8  8  8  8  8 

Spacing  of  middle  stringers,  in  ft 5  5  5  5 

Distance  middle  to  side  stringers,  in  ft.  and  in. 5-0  3-9  5-0  5-0  4-6 

Distance  side  stringers  to  end  of  floor-beam,  in  ft. 

and  in 2-0  1-9  1-6  2-6  1-6 

Dead-load  in  lb.  per  lin.  ft.  on  middle  stringers: 

Panels  6  ft.  to  19  ft 560  550  550  650  550 

Panels  20  ft.  to  35  ft 675  575  575  576  575 

Deftd-load  in  lb.  per  lin.  ft.  on  side  strincers: 

Panels  6  ft.  to  19  ft 675  600  625  725  600 

Panels  20  ft.  to  35  ft 700  625  650  750  625 

•The  assumptions  were  as  follows: 

1.  Max.  beoaiog  moment  equals  the  sum  of  the  Max.  L.L.  and  DX.  momentn. 

2.  D.L.  per  lin.  ft.  per  stringer  taken  in  round  numbers  to  nearest  multiple  of 

25  above  the  actual.  . 

8.  L.L.  from  the  roller  on  side  stringers  taken  m  even  thousands  of  pounds. 

4.  Wt.  of  each  wheel  acts  at  a  point  (in  stringer  and  floor  beam  calculations). 

5.  In  stringer  calculations  the  slab  is  assumed  not  to  be  continuous. 

6.  Length  of  floor  beam  (between  center  line  of  trusses)  is  assumed  to  be  2  ft 

greater  than  width  ot  roadway. 
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Economic  DesiKn  of  ColTerts  for  Various  Depths  of  Fill. — ^In  a  paper 
the  Ohio  Engineering  Society,  an  abstract  of  which  is  published  in 
^ring  and  Contracting,  March  31,  1916,  P.  K.  Sheidler  of  the  Ohio 
ay  Department  points  out  the  advantages  of  using  a  standard  design 
Iverts  with  a  constant  height  for  the  head  walls  and  providing  for 
nt  depths  of  fill  by  changing  the  length  of  barrel.  The  following 
r  is  taken  from  the  abstract  of  Mr.  Sheidler's  paper. 
Ler  ordinary  conditions  the  headwalls  of  highway  culvOTts  should  have 
.me  length  and  height,  irrespective  of  depth  of  fill  over  them — ^unless 
special  condition  exists,  as  mentioned  later.  This  design  allows  the 
standard  plans  in  the  construction  of  culverts  To  use  a  standard  plan 
is  only  to  determine  the  proper  length  of  barrel  for  the  given  depth  of  fill 
ertain  location.  In  getting  out  a  set  at  plans  where  standards  are  used, 
lue  print  of  a  certain  tjrpe  of  structure  can  be  used  for  more  than  one 
ure,  if  the  necessary  length  of  barrel  be  indicated  for  e^ich  particular 
ure. 

3  a  fact  that  there  are  cases  where  headwalls  must  be  designed  higher 
leoessarily  longer  than  ordinary  circumstances  would  demand.     These 

Vhere  the  end  or  ends  of  the  culvert  would  come  outside  of  the  right- 
y  line,  and  it  would  either  be  impracticable  or  impossible  to  procure  addi- 
1  right-of-way. 

Where  the  additional  filling  material  would  cost  more  than  the  extra 
nry  in  the  larger  walls.  While  this  case  is  rare  it  is  i>os8ible — such  as 
ck  cut,  or  where  filling  material  would  have  to  be  hauled  ah  excessive 
nee,  and  materials  for  masonry  construction  easily  obtained. 
On  side  hill  slopes  where  the  grade  of  fiow  line  is  as  great  or  greater  than 
ide  slopes  of  the  road  improv^nent,  calling  for  a  wall  to  be  built  as  close 
adway  as  clearance  will  allow. 

Where  the  structure  occurs  in  a  V-shaped  ravine  of  practically  constant 
b,  in  which  the  grade  of  flow  line  is  very  steep. 

planning  culverts  another  important  feature  must  be  kept  in  mind.  I 
to  the  necessity  in  future  years  of  providing  more  roadway  for  Increased 
ic.  Today  we  are  replacing  bridges  of  12  and  14-ft.  roadway  with  those 
>,  18  or  even  24  ft.  If  a  culvert  had  been  constructed  25  years  ago  with  a 
,  massive  headwall,  instead  of  a  l3ng  barrel  and  low  headwaU,  today  it 
mes  necessary  for  us  to  destroy  all  of  this  large  wall — or  at  least  to  remove 
of  it  and  cover  it  over — in  order  to  carry  a  wider  roadway  across.  Ex- 
ing  a  culvert  that  has  been  built  with  long  barrel  and  low  headwall  can  be 
}  at  a  much  less  cost. 

0  show  graphically  the  difference  in  cost  between  the  two  kinds- (rf  designs, 
rve  has  been  drawn  for  each.  In  the  upper  left-hand  corner  of  Fig.  19  is 
vn  in  full  lines  the  culvert  used  as  a  base — 30  lin.  ft.  of  18-in.  cast  iron  pipe 

1  gravity  headwalls  designed  to  hold  a  IH  to  1  slope.  Superimposed  on 
section  Is  shown  in  dotted  lines  the  two  methods  discussed  of  increasing 
structure  to  provide  for  the  increased  depth  of  fill  above  flow  line. 

wo  tables  were  computed  to  obtain  data  for  plotting  the  corves  and  are  also 
7m.  The  table  marked  "  A  "  gives  total  costs  of  culverts  whose  barrels  are 
t  a  constant  length  of  30  ft.  and  -^ose  headwaUs  are  raised  and  lengthened 
different  depths  of  fill  varying  by  1  ft. 

'able  "  B**  shows  the  cost  of  culvefts  whose  headwalls  are  kept  of  constant 
tension,  and  whose  barrels  vary  in  length  to  fit  the  road  section. 
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Table  A.^-EarmATSD  Quantxtibs  and  Ck>8TB  of  Ctjlvbbts  with  High  Hkad 

Walls 


O  .  01 


5^  0-5  fe5  c  .      .^    -rt^  ®-M         0£        o 


•^  o  © 


TJ  '1       g'S     ..S    §J        si       85       82  I 


3  6'-0"       l'-«"         2.6     30       ..     $  20.80  $60.00 $80.80 

4  8'-0"       2'-2"         5.8     30       ..  46.40     60.00 106.40 

5  ll'-O"       2'-6"       10.4     30       20  83.20     60.00  $20.00     163.20 

6  14'-0"       2'-9"       16.3     30       26  130.40     60.00    26.00     216.40 

7  17'-0"       3'-2"       24.7     30       32  197.60     60.00     82.00     289.60 

8  20'-0"       3'-6"       34.9     30       38  279.20     60.00     38.00     377.20 

9  23'-0"       3'-9"       46.4     30       44  371.20     60.00     44.00     475.20 

10  26'-0"       4'-2"       62.2     20       50  497.60     60.00     50.00     607.60 

11  29'-0"       4'-6"       79.8     30       56  638.40     60.00     66.00     754.40 

12  32'-0"        5'-0"      103.0     30       62  824.00     60.00     62.00     946.00 

Table  B. — ^Estimated  Quantities  and  Costs  op  Culverts  with  Low  Head 

Walls 
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The  curve  "  C  "  was  plotted  to  show  the  cost  of  fill  that  would  be  necessaxy 
to  cover  the  barrel  of  the  long,  culverts  and  to  occupy  the  space  taken  up  by 
the  high  headwalls,  if  they  were  to  be  removed.  The  area  between  the 
curves  "B"  and  *'C"  represents  thi^  cost — ^the  ordinates  being  plotted  from 
the  curve  "  B." 

The  sudden  jump  in  the  upper  curve  is  caused  by  adding  the  cost  at  hand- 
rail to  this  type  of  culvert  at  the  point  where  top  of  the  wall  is  five  feet  above 
flow  line  in  order  to  comply  with  the  state  law  governing  this.  The  assumed 
prices  used  are: 

Concrete,  cu.  yd $8. 00 

18-in.  cast  iron  pipe,  lin.  ft. 2. 00 

Handrail,  lin.  ft 1 .00 

Earth  fill,  cu.  yd 40 

In  order  to  show  a  specific  example  from  these  tables,  we  have  selected  the 
two  types  of  culverts  that  would  be  necessary  for  a  fill  of  ten  feet  above  the 
flow  line — ^the  two  types  are  superimposed  to  make  the  comparison  more 
striking.  This  is  shown  in  Fig.  19.  The  cost  of  the  culvert  with  the  high 
walls  is  $607.60,  while  that  of  the  other  is  only  $162.80,  representing  a  saving 
of  $444.80. 
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>Bt  of  Concrata  Arch  uid  Pip*  CnlTertt,  Uiin(  CoUlpaibla  Skael  Forma, 
lomlnee  Cmmtj,  Hlch. — In  eitendlng-  the  Bar  Shore  Road  In  IBll  ft 
ber  of  culverts  were  required.  The  costs  of  these  culverts  »  built 
□rce  accouut  are  gtvea  In  ui  ajtlcle  by  K.  I.  8ftW7er  In  EDslneerlag  and 
tiacting.  Maich  13, 1912,  fnnn  vhlch  paper  the  following  data  are  taken, 
tiree  alzea  ot  concrete  culverts  were  adopted  for  use  on  this  road,  standard 
.  belnx  used  In  batteries  when  neceasaiy  capacity  required.  The  sizes 
V  2i  in.  round  tile  and  48  and  S6  tn.  diameter  full  arch  culverts. 


CROSS   SECTION 
BVES  SHOWING  COST  OF  CULVERTS 


.  10.— Cur 


>  depiha  of  fill  ol 


'he  «o4tyled  culvert  crew  put  In  all  the  4  and  S  ft.  arches  on  this  road  and 
I  atchea  on  No.  l  road  this  season.  The  crew  was  equipped  with  Blaw 
apBible  steel  ceuterlng,  lumber  and  mlBCsllaneous  tools.  The  crew  lived 
:eola,  takinK  Its  own  cook  wHb  It,  and  moved  tiMn  creek  to  creek.  All 
rerls  are  designed  tor  26  ton-engine,  live  load;  VOsg  an  of  monolithic 
lem  and  without  reinforcement.  This  latter  lequirement  was  not  to  the 
isfactiou  of  the  engines,  but  was  necessary  on  account  ot  local  sentiment, 
e  crew  was  Inexperienced  when  started  and  the  engineer  lived  practically 
the  Job  tor  the  first  two  struotures.  Better  success  was  had,  however, 
n  a  year  prevlouB,  when  a  culvert  was  installed  by  a  crew  ol 
ewalk  and  street  concrete  workers. 
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.  CkMlsaiuldaUoncuhrertflAngiT^iinTftbleXXX.    The  adiodtde  of  wages 
of  this  culvert  crew  was: 

FoTNiiaii,  30  ct6.  per  hour. 

Teams,  45  cts.  per  hour 

Labor,  20  cts.  per  hour. 

Tabub    XXX. — Mass    Concrete    Culverts — No    Reinforcbmknt 

H  «  S:  . 


*  2  *•  !k 

■£  «  -         S  «         «        -f  £ 
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C  >»         i?  ®  ^*         ^  f         e 


Name  of  creek —     co  cQpqtf^i^'^fflfe^ 

Hard 
Foundation Clay    Clay    Clay    sand    Sand    Sand    Clay  Ledge  Ledge 

Clear  span,  ft  ...  16  8  8  8  8  4  8  24  16 

No.  arches 2  1  1  1  1  1  1  3  2 

Cu.  yds.  concrete.  60  60.3  38  46  49  15  43  108  56 
Total  cost  cul 

vert.                  $  505  $409  $387  $372  $364  $98  $840  $929  $683 
Total    cost 

concrete 358  266  200  227  230  62  205  489  345 

Unit  Cost  Concrete: 
Labor,    mix    and 

place 1.70     1.44     1.64     1.38     1.54     1.35     1.22     1.55     1.66 

Cement 2.85     1.88     2.16    2.04     1.89     1.42     1.78     1.91     2.16 

Aggregate 1.41     1.10     1.46     1.51     1.25     1.36     1.77     1.07     2.13 

Total    per    cu. 

yd $5.96  $4.42  $5.26  $4.93  $4.68  $4.13  $4.77  $4.53  $6.15 

The  24-iii.  concrete  tile  were  made  by  the  grade  crew  and  some  of  same 
installed  on  wet  di^s.  Two  men  worked  at  the  tile  molds,  the  aggregate 
being  taken  from  the  sand  gravel  pockets  in  the  pit.  A  1 :  3H  mix  was  used, 
the  tile  having  44n.  walls,  lap  joints,  and  being  reinforced  with  steel  car  wire 
so  spaced  as  to  have  rings  8  ins.  c.  to  c.  when  the  tOe  are  installed.  The 
labor  cost  on  the  tile  was  about  50  cts.  each  or  25  cts.  per  ft.  Further  data  on 
the  work  of  the  tile  erew  follow: 

Making  Tilb 

Total    Per  tile  Per  ft. 

Number 425.00 

Labor  cost* $209.76  $0,493  $0,246 

Cement  cost 170.50    0.401     0.201 

Total  cost $380.26  $0,894  $0,447 

Installing  Tile 

Number 214  

Cost* $331.5©  $1.56     $0,775 

*Labor  rates  were  the  same  as  for  the  culvert  crew. 

Cost  of  a  4  X  f^t.  Reinforced  Comcrete  Box  Golvertw — llie  following  cost 
data  on  the  construction  of  a  4  x  5-ft.  concrete  box  cuhrert,  26  ft.  long, 
given  in  Engineering  and  Contracting,  Dec  4,  1912,  are  taken  from  a  bulletin 
on  culverts  and  small  bridges  issued  by  the  North  Carolina  Qeological  and 
Economic  Survey.  The  culvert  was  eonstrocted  by  a  regular  oounty  ooncrete 
gang,  composed  of  a  foreman,  seven  men  and  two  teams  and  drivers.  It  was 
completed  in  four  days  Gi  10  hours  each.  The  excavation  was  light,  but  the 
soil  was  of  a  hard,  black  nature  that  was  hard  trimming.    Water  for  mixing 
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to  be  hauled  two  miles.  Sand  grsrel  was  used  for  aggregate  in  the 
TOte.  The  gra-vel  oontaiiied  a  slight  excess  of  sand.  Mi3dng  was  done 
Land  with  negro  labor.  Twisted  square  steel  bars  were  used  for  reinforo- 
The  quantities  were  as  follows:  14H  cu.  yds.  of  1:3 '.6  concrete;  4  ou.  yds. 
:  2H :  4  concrete;  432  lbs.  of  ^-in.  steel;  640  lbs.  of  H-in.  steel;  and  1,000 
(.  M.  of  lumber.    The  cost  of  the  culvert  was  as  follows: 

Per  cfu.  yd. 
ibor —  Total         oonerete 

sman,  40  hours  at  26  ct« $  10.00  $0,641 

/^ert  excavatiozi,  9  eu.  yds.  at  80  ota 7. 20  0. 389 

3r  on  forms 14.00  0.756 

ing  and  placing,  120  hre.  at  15  cts 18.00  0.973 

ling  water,  20  hrs.  at  30  cts 6.00  0. 324 

ting  and  placing  steel.  10  hrs.  at  15  cts 1 .  50  0.081 

ining  up  and  removing  forms,  10  hrs.  at  15  cts 1 .  50  0.081 

otal $58.20         $3,145 

»er  cent  salvage  on  form  lumber 7. 00  0. 378 

otal,  less  salvage $  51 . 20         $2. 767 

idng  on  and  ofif  job 10 .  00  0 .  541 

otal  labor  at  culvert $  61 .20  $3. 308 

laterial  laid  down  at  culvert — 

aent,  26  bbls.  at  $1.80 $  46.80  $2,529 

iling  cement,  12H  hrs.  at  30  cts 3. 76  0. 203 

vel,  18H  cu.  yds.  at  $1.10,  f.  o.  b.  oars  Ennis,  Texas  20.36  1.100 
iling,  18H  cu.  yds.,  46  hrs.  at  30  cts.  (75  cts.  per  cu. 

d.) 13.80  0.746 

;1.  1,072  lbs.  at  2H  ets 26.80  1.449 

iling  steel,  2  hrs.  at  30  oto .60  0.032 

aber,  1,000  ft.  B.  M.  at  $25 25.00  1.351 

iling  lumber,  3  hrs.  at  30  cts .90  0. 048 

'otal $138.00        $7,459 

>er  cent  salvage  on  form  lumber 18 .  75  1 .  013 

'otal  cost  of  material  on  job $119.25         $6,446 

Irand  total  cost  of  job $180.45  .       $9,754 

it  per  cu.  yd.  of  concrete  in  place,  exclusive  of  culvert  excavation . .   $9 .  37 
it  per  cu.  yd.  of  concrete  in  place,  exclusive  of  excavation  and  steel .     7 .  85 

^ost  of  Concrete  Culverts  Under  Canal  in  Sevier  County,  Utah. — The  f cl- 
ing table,  rearranged  from  data  given  by  James  Jensen  in  Engineering 
L  Contracting,  April  23,  1913,  gives  the  costs  of  construction  of  reinforced 
terete  culverts  to  carry  flood  waters  under  the  canal  of  the  State  Board 
Land  Commissioners,  in  Sevier  county,  Utah.  The  length  of  canal  along 
ich  these  culverts  were  distributed  is  ten  miles.  No  two  culverts  were 
Lstructed  from  the  same  setting.  On  accoimt  of  the  comparatively  small 
ts  in  which  this  wwk  had  to  be  done,  and  the  ruggedness  of  the  country 
h  reference  to  the  moving  of  machinery  and  mixers,  all  concrete  was  mixed 
hand.  Sand  and  gravelfor  these  structures  was  hauled  by  team  an  average 
tanoe  of  three  miles,  and  constitutes  the  sole  cost  in  column  headed  "  Sand 
i  Gravel."  Water  for  ipixing  and  camp  purposes  was  i^o  hauled  by  team 
istanoe  of  two  to  three  miles,  and  Is  included  in  the  column  headed  "  Haul- 
»  and  Moving,"  which  column  also  includes  the  cost  of  hauling  cement, 
iforcing  steel,  and  form  material  from  the  railroad  station,  a  distance 
3raging  about  eight  miles.  This  column  also  includes  the  cost  of  moving 
psratus  and  mixing  boards  from  one  setting  to  another;  also  moving  the 
istniction  camp  three  different  times. 
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The  oolumn  headed  "  Hand  Excavation"  repTeeenUi  the  ooat  of  digging  the 
trenches  for  tlie  footing  walls,  and  leveling  the  main  trench  for  the  culvert 
after  it  had  been  cut  down  practically  to  grade  by  team  and  scraper  work. 

The  column  headed  "  Form  Material "  is  obtained  from  taking  the  total  cost 
of  all  form  material,  hidudhig  thnber,  wire,  nails,  etc,  and  dividing  it  up  hi 
proportion  to  the  number  of  cubic  yards  of  concrete  in  each  structure.  No 
deductions  have  been  made  from  these  averages  on  account  of  any  salvage 
value  of  form  material  still  on  hand. 

Two  mixing  gangs  were  used,  each  provided  with  its  own  accompaniment  of 
apparatus  and  teams  for  hauling  purposes.  The  work  was  done  during  the 
months  of  February,  March  and  April,  1012,  under  extremely  adverse  weather 
conditions.  During  the  major  portion  of  this  time  all  green  concrete  had 
to  be  covered  up  to  keep  it  from  freezing.  No  account  was  kept  of  this,  but  is 
included  in  the  coliunn  headed  "  Mixing  and  Placing  Concrete.*' 

Table  XXXI. — Cost  Per  Cu.  Yd.  or  CtJLVBBT  Constbuction 

TXJBULAB  CULVBBT8 

No C  18  3  7  1 

Diam.  ins 18  18  18  18  24 

Length,  ft 49  40  52  68  30 

Sacks  of  cement  used 49  50  Q5  ...  90 

Lbs.  of  reinforcement  used 200  180  200  217  272 

Total  concrete,  cu.  yds 9.8  10  13  13.6  18 

Cost  per  cu.  yd. : 

Cement $  3.102  $  3.200  $  3.200  $  3.210  $  3.200 

Reinforcement  at  3  cts.  per  lb. .  0.612      0.540      0.461       0.479      0.453 

Sandandgravel 2.857       1.960       1.723       1.815       1.400 

Mixing  and  placing  concrete. . .  2.929      2.507       2.962       1.822      2.756 

Total  concrete $  9.500  $  8.207  t  8.346  $  6.326  $  7.800 

Form  material 2.022      2.023      2.023      2.022      2,023 

Building  and  moving  forms 0.535      0.512      0.404      0.354      0.458 

Total  forms $  2.557  $  2.535  $  2.427  $  2.376  $  2.481 

Haulage  and  moving 1.523       1.333       1.333       1.333       1.333 

Hand  excavation 0.447      0.447      0.447      0.445      0.447 

Grand  total $14,027  $12,522  $12,553  $10,480  $12,080 

BOX  Culverts 

No B  24  9  10  21 

Dimensions,  ft 2X2  2X2  3X3  3X3  3X8 

Length,  ft 47.5  48  48  48  47.5 

Sacks  of  cement  used 66  69  130  138  141 

Lbs.  of  reinforcement  used 335  335  1 ,  369  1 .  369  1 .  369 

Totel  concrete,  cu.  yds 13.2  13.8  20.6  27.6  28.2 

Cost  per  cu.  yd. : 

Cement... $  3.200  $  3.200  $  4.030  $  3.200  $  3.200 

Reinforcement  at  3  cts.  per  lb..  0.761       0.728       1.098       1.489       1.456 

Sand  and  grayel 2.121       2.434      0.679     0.820       1.192 

Mixing  and  placing  concrete. . .  2.683       2.283       2.961       2.075       2.406 

-M^^i^-MMH^Bw      pmtmi^imttm'^a^m^       WM^^^aMa^B^m      ^■^»««mm^^»w*     wim^h^bmw^^p. 

Total  concrete $  8.765  $  8.645  $  9.672  $  7.584  $  8.254 

Formmaterial $  2.022  $  2.022      2.022      2.023      2.023 

Building  and  moving  form8 0.719      0.681       0.582      0.407       0.412 

Total  forms $  2.741  $  2.703  $  2.604  $  2.430  $  2.435 

Haulage  and  moving 1.333      1.333       1.333       1.333       1.333 

Hand  excavation 0.447      0.447      0.447      0.447      0.447 

Grand  total $13,286  $13,128  $14,056  $11,794  $12,460 
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BOX  CULVBBT8  (cOnt'd) 

16  6  18  20  23 

lensions,  £t 3X4  4X4  4X4  4X4  4X4 

Kth,  ft 46  47  49  50.6  48 

u  of  cement  used 144  146  163  167  170 

of  reinforcement,  used 1 ,400  1 ,617  1 .617  1 .626  1 .617 

otal  concrete,  cu.  yds. 28.8  20.2  32.6  33.4  36.8 

t  per  cu.  yd. : 

^ment $  3.200  $  3.200  $  3.200  $  8.200  $  3.200 

:einforoementat3cts.  perlb. .  1.662       1.661       1.488       1.460      1.365 

and  and  gravel 0.833       1.161       1.032       1.080       1.173 

lixinc  and  placing  concrete. . .  2.317       2.231       2.406       1.007      2.162 

Total  concrete $  7.002  %  8.243  $  8.216  $  7.746  $  7.800 

brm  material 2.023       2.022      2.022      2.023      2.023 

iuilding  and  moving  forms 0. 466      0.613      0 .  552      0 .  302      0 .  603 

Total  forms $  2.478  $  2.636  $  2.674  $  2.415  $  2.626 

[aulage  and  moving 1.333       1.333       1.333       1.333       1.883 

[and  excavation 0.447       0.447       0.447       0.447      0.447 

Grand  total $12,160  $12,668  $12,670  $11,043  $12,106 

ABCH   CTTLYBBTS 

22  8             12             11               6 

aensdons*  ins'.  *. '.                       '. '.   14  X  14  14  X  14  14  X  14  14  X  14  14  X  14 

igth,  ft 48  62             60             66             62 

ks  of  cement  used 60  52             66             62             66 

I.  of  reinforcement  used 183  182           248           272          200 

'otal  concrete  cu.  yds 10  10.4         11.2         12.4            13 

it  per  cu.  yd. : 

^ment $  3.200  $  3.200  $  3.200  $  3.200  $  3.200 

leinforcement  at  3  cts.  per  lb . .       0 .  540      0 .  626      0 .  664      0 .  668      0 .  461 

and  and  gravel 2.240       1.076       1.250       1.363       1.713 

•fixing  and  placing  concrete. . .       2.080      4.086      3.062      2.870      3.236 

Total  concrete $  8.060  $  0.787  $  8.176  $  8.040  $  8.610 

^orm  material 2.028      2.023      2.022      2.022      2.023 

building  and  moving  forms 0. 826_     0. 703      0. 602      0. 484      0. 636 

Total  forms $  2.848  $  2.816  $  2.624  $  2.506  $  2.658 

laulage  and  moving 1.333       1.336      1.333       1.333       1.333 

land  excavation 0.447       0.447       0.447      0.448      0.450 

Grand  total .'...' $12,607  $14.30     $12,684  $12,327  $13,051 

The  chief  item  of  interest  as  shown  by  these  cost  data,  aside  from  the  general 
ue  for  comparison  with  other  structures  of  a  similar  nature  and  built  under 
t  conditions,  is  the  inverse  proportion  of  the  labor  costs  to  the  size  of  the 
t  constructed,  which  emphasizes  the  importfwoe  of  knowing  not  only 
a  yardage  of  concrete  to  be  installed,  but  also  its  distribution  in  various 
ts.  and  the  variation  of  size  in  these  units. 

7ages  per  day  paid  were  as  follows:  Teams  with  driver,  $4;  foreman,  $4: 
^rers,  $2.25. 

SUMIIABT  '^ 

L  total  of  3,003  sticks  of  cement  and  22,640  lbs.  of  reinforcement  was  used 
he  28  culverts,  and  an  automatic  spill,  waste  gate  and  waste  valve.    Total 
cTete,  613.1  cu.  yds. 
70 
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Item  Total 

Cement f  1,979. 06 

Reinforcement  at  3  cts.  per  lb 679. 20 

Sand  and  gravel 810 .  51 

Mixing  and  placing  concrete 1 ,  566 .20 

Total  concrete $5,034.97 

Form  material 1.240.17 

Building  and  moving  iforms 270. 53 

Total  forma $1 ,510.70 

Haulage  and  moving 748. 43 

Hand  excavation 274 .  21 

Grand  total $7,568.31 


\v. 

per 

cu. 

yd. 

$  3 

.23 

1 

.11 

1 

.32 

2 

.55 

$  8 

.21 

2 

.02 

0 

.51 

$  2 

.53 

1 

.22 

0 

44 

$12.40 


Construction  Cost  of  S-ft.  Combination  Corrugated  Pipe  amd  Concrete 
Cttlvert. — The  following  data  are  taken  from  an  article  in  Engineeringr  imd 
Contracting,  Jan.  1,  1913.  by  John  N.  Eddy. 
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Eng&caW 

Fia.  20. — Combination    corrugated   pipe   arch  and  reinforced  concrete  invert 

culvert. 


Fig.  20  represents  a  section  of  a  40-ft.  combination  iron  pipe  and  concrete 
culvert  built  by  force  account  for  the  City  of  Billings,  Mont,  in  the  summer  of 
1012.  This  des^  assumes  the  use  Gi  a  halfHsection  of  corrugated  pipe 
for  the  arch  only,  which  rests  on  side  walls  of  concrete  as  shown.  While  it  was 
found  that  the  concrete  portion  cost  approximately  the  same  as  a  half-8ecti<m 
of  pipe,  it  was  possible  to  secure  slightly  greater  culvert  area.  The  plan  was 
adopted  primarily  as  an  experiment,  and  seems  to  have  possibilities  worthy 
of  consideration.  The  figure  showing  ^e  details  of  this  design  is  self- 
explanatory. 

In  constructing  the  combination  culvert,  the  side  wall  footings  were  placed 
first,  after  which  the  reinforced  concrete  floor  was  laid  on  a  gravel  base.  Wan 
forms  were  then  built  and  concrete  poured.    The  setting  and  bolting  of  the 


HIGHWAY  BRIDGES  AND  CULVERTS 


20  lin.  ft.  of  e(Mn.  No^o-to  eulTcrt  pip«.  Bt  tS,44  per  lin. 

U. (108.80 

Cement,  82  bbK,  at  S£.  10.  net 130.30 

Gtavel.  37. S  cu.  ydi..  at  tl.2S  per  du.  yd IS. 90 

Lumber,  I.OZ*  ft.  B.  M 2S.70 

RuDf«c«D»nt.  183  lb*.,  Bt  6  DU.  per  lb S.IS 

BuckfiUinc,  24S.SCU.  yds.,  at  ITctLpercu.  yd..: 43.25 

Farenun.  %i  per  diy  of  8  hn.  I 

Labor,       U  per  day  ot  S  hn.  ] 401.30 

Maceueneoua  (hudwore,  poim  &nd  wiiina  (or  pump. 

drayaae,  etc.) 27.00 

Total  coat »7M,30 


Fig.  21, — Spedal  oolvert  for  toad*  built  in  roUinc  rouDtry. 

rop-lnlet  culverts  to  convey  w&ter  from  the  upper  dildi  (o  a  point  of  din- 
lie  very  much  lower  on  the  other  aide  of  the  road  ate  often  necessary  on 
wa;  work  In  rolUiij;  country.  The  design  shown  In  Pig.  21.  was  worked 
o  meet  a,  conditioa  where  the  point  at  dlscborge  was  24  ft.  lower  than  the 

line  of  the  upper  ditch, 

a  conventional  diop-lolet  culvert  had  been  Installed  at  tUs  point  It  would 
:  necessitated  the  excavation  of  a. well  at  least  22  ft.  deep  and  the  driving 

tunnel  from  the  bottom  of  this  well  to  the  point  of  dlsdharge.  Another 
-native  would,  of  course,  have  been  to  cut  tlirougli  tlie  entire  hank.    In 
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either  case  the  excavation  would  have  been  difficult  and  expensive.  Tbe 
special  design  is  considerably  cheaper  and  in  other  ways  much  to  be  prefeired. 
Reference  to  the  drawing  will  show  that  the  ditch  was  cut  to  a  slope  of  about 
IH  to  1,  and  of  a  width  to  take  the  24-in.  sewer  pipe  which  was  used  in  place  of 
concrete  because  no  economical  metbod  could  be  devised  by  which  the  con- 
crete could  be  poured  on  so  steep  a  slope.    Tile  of  this  size  could  not  be  fouod 
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CHART  I 

Fzo.  22. — Chart  for  determining  weight  of  steel  sheeting  required  for  oiredtf 

cofiferdams. 

in  stock  in  the  neighborhood,  and  the  necessity  for  ordering  it  specially  ^^ 
somewhat  to  the  cost  of  the  work,  which  was  $227.61,  distributed  as  follows' 

Reinforced  concrete,  10  cu.  yd.  at  $11 $110.00 

24-in.  sewer  pipe,  39  lin.  ft. 62. 71 

Freight  on  pipe ." 31 .40 

Labor  installing  pipe 15.81 

Contractor's  fee,  at  15  % 16.84 
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k>tal  of  146  lb.  of  steel  was  required  for  the  reinforoement  ezdusiTe  of  the 
-wire"  used  In  the  apron.    A  complete  bill  oi  material  foUowi: 

«1. 

2H  in*  s<l-  ban  16     ft.  Ions 
22H  in.  sq.  bars    2H  ft.  long  • 

6H  in.  sq.  bars    OH  ft.  long 

8H  in.  sq.  bars  14      ft.  long 
xnent,  15.5  bbl. 
ad,  4.3  cu.  yd. 
>ne,  8.6  cu.  yd. 
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CHART  2 


.  23. — CSiart  for  determining  weight  of  steel  sheeting  required  for  straightr 

wall  or  irregular  cofferdams. 

'he  design  can  easily  be  modified  in  dimension  or  in  slope  of  barrel  to  fit 
lost  any  condition  found  in  the  field.  In  many  cases  it  will  be  foimd  that 
siderable  saving  will  result. 

height  of  Steel  Sheeting  for  Round  or  Box  Cofferdams. — ^In  Engineering 
3ord,  Oct.  7,  1916,  N.  Q.  Near  gives  the  following  nomographic  charts 
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whidi  save  considerable  time  in  catculating  the  quantit^r  of  steel  sheeting 
lequired  for  a  given  wall  or  cofferdam,  especially  in  the  case  of  a  circular 
structure.  Chart  No.  1  (Fig.  22)  is  for  computing  the  weight  of  such  coffer- 
dams, and  its  use  may  be  illustrated  by  supposing  that  it  is  desired  to  find  the 
weight  of  steel  sheet  piling  required  to  construct  a  cofferdam  40  ft.  in  diameter 
and  20  ft.  deep,  assuming  that  a  section  weighing  40  lb.  to  the  square  foot  is 
used.  To  solve  this  problem,  connect  20  on  scale  A  with  40  on  scale  E  and 
locate  the  intersection  with  scale  D.  Connect  the  point  thus  found  with  40  on 
column  B.  The  weight,  100,000  lb.,  is  then  read  at  the  intersection  of  this 
last  line  with  column  C. 

The  second  chart  (Fig.  23),  which  is  for  straight-wall  or  irregular  structures 
where  the  total  length  is  known,  is  used  in  a  similar  manner.  For  example,  to 
find  the  weight  of  steel  sheeting  required  tO  build  a  wall  30  ft.  long  and  10. ft. 
deep,  using  a  section  which  weighs  21.5  lb.  per  square  foot,  connect  10  on  scale 
A  with  30  on  scale  E,  locate  the  intersection  with  acaHe  D  and  connect  this 
point  with  21.5  on  scale  B.  The  total  we%ht,  about  6500  \h^  is  read  at  the 
intersection  of  this  line  with  scale  C. 

The  range  of  these  charts  is  wide  enough  to  cover  almost  any  sheet-pile 
structure.  The  weight  per  square  foot  of  the  type  sheeting  which  is  to  be 
used  can,  of  course,  be  taken  from  the  handbooks  of  the  steel  companies  which 
make  piling. 


CHAPTER  XVU 

RAILWAY  BRIDGES 

his  chapter  is  made  up  of  cost  and  other  economic  data  relative  to  the 
itruction  of  railway  bridges.  Further  data  which  may  be  useful  in  con- 
ion  with  this  su63^t  will  be  found  in  Chapter  XVI  on  Highway  Bridges 
Culverts.  Many  additional  data  on  this  subject  are  also  given  in  the 
ion  on  bridges  in  Gillette's  "  Handbook  of  Cost  Data." 
eduction  of  a  New  Rational  Formula-  for  the  Beonomic  Length  of 
h  of  a  Series  of  Bridge  Spans. — ^The  following  article  by  H.  P.  Qlllette  was 
lished  in  Elnglneerlng  and  Contracting,  Jan.  4,  1911. 
p  till  20  years  ago,  the  common  rule  for  detennining  the  approximate 
th  of  bridge  span,  where  a  crossing  consisted  of  a  series  of  spans  supported 
piers,  was  to  design  the  spans  so  that  the  cost  of  the  substructure  would 
al  the  cost  of  the  superstructure.  In  1890  J.  A.  L.  Wadd^,  M.  Am.  Soc. 
S.,  deduced  the  following  rule: 

or  any  croaaing,  the  oreateat  economy  tnU  he  cUtained  when  the  coat  per  lineal 
of  the  wibalbnuiuTe  %a  eqtial  to  the  coat  per  lineal  foot  of  the  iruaeee  and  lateral 
em. 

'he  mathematical  demonstration  of  Mr.  Waddell's  rule  is  reprinted  in  the 
0  edition  of  Gillette's  "  Handbook  of  Cost  Data,"  page  1489.  It  will  be 
ed  that  the  rule  omits  the  cost  of  the  floor  system,  the  cost  of  which,  as 
.  Waddell  correctly  pointed  out,  is  practically  indei>endent  of  the  length  of 
span,  and  therefore  not  a  factor  in  determining  the  economic  span, 
lo  far  as  we  know,  the  correctness  of  Mr.  Waddell's  rule  has  never  been 
puted.  Nevertheless  it  usually  gives  results  farther  from  the  truth  than 
old  rule  that  the  cost  of  superstructure  should  equal  the  cost  of  the  sub- 
icture  for  a  series  of  spans.  The  reason  why  this  is  so  lies  in  the  fact  that 
.  Waddell's  rule  fails  to  take  into  account  the  cost  of  maintenance  and 
ewals  of  the  superstructure,  which  is  an  item  of  very  considerable  imppr- 
oe  in  every  steel  railway  bridge  and  by  no  means  negligible  in  any  steel 
Ige  whatsoever.  Mr.  Waddell's  rule,  like  its  predecessor,  involves  the 
imiption  that  both  the  substructure  and  sui>erstructure  are  equally  per- 
nent  which  is  rarely  the  case. 

']NGiNSBBiNa-<^oNTBACTTKa,  Oct.  7,  1908  (repriutod  in  Gillette's  "  Hand- 
)k  of  Cost  Data,"  page  1490),  gave  data  showing  that  the  average  life  of 
)1  railway  bridges  has  been  less  than  20  years  on  the  main  lines  of  American 
ways.  J.  £.  Greiner  has  also  stated  that  the  life  of  iron  or  steel  railway 
Iges  "  has  been  scarcely  25  years  "  in  America.  The  cause  of  this  short  life 
been  the  rapid  increase  in  the  weight  of  locomotives  and  cars.  Perhaps 
have  reached  the  limit  of  weight  or  rolling  stock,  but,  if  we  are  to  Judge  the 
Lire  by  the  past,  we  certainly  have  not  reached  the  limit ;  and,  if  we  have  not, 
life  of  steel  bridges  built  today  will  probably  be  little  if  any  greater  than 
)  the  life  of  steel  bridges  built  20  years  ago — at  the  time  that  Mr.  Waddell 
luced  the  rule  above  quoted. 
)ur  object  is  to  present  a  rational  formula  for  determining  the  economic 

1111 


1112  HANDBOOK  OF  CONSTRUCTION  COST 

pan  of  each  of  a  series  of  bridges,  taking  into  consideration  not  only  first 
cost  but  maintenance  and  depreciation.  We  shall  show  that,  when  these 
important  factors  are  considered,  a  correct  rule  ( «  equation  17  deduced  below) 
to  be  applied  is  as  follows: 

For  the  economic  span^  where  a  aeries  of  apane  real  on  piera,  the  length  of 
span  must  be  such  that  the  first  cost  plus  the  capitalized  cost  of  annual  mainte- 
nance and  depreciation  of  the  longitudinal  trusses  (or  girders)  and  the  lateral 
system  must  equal  the  first  cost  plus  the  capitalized  cost  of  annual  maintenance 
and  depreciation  of  the  piers  and  other  substructure. 

We  shall  also  deduce  a  general  formula  (eq.  16)  that  will  give  the  economic 
length  of  span,  for  any  class  of  bridge,  upon  substitution  of  proper  values 
for  the  constants. 

Proceeding  now  to  the  demonstration  the  following  symbols  will  be  used: 

L  '^  length,  in  feet,  of  span. 

K  i«  cost,  in  dollars,  of  each  pier. 

S  »  cost  of  substructure,  in  dollars,  per  lineal  foot  of  bridge. 

T  »  cost  of  trusses,  in  dollars,  per  lineal  foot  of  bridge. 

y  <-  cost  of  entire  bridge  (piers  and  superstructure)  per  lineal  foot. 

p  »  price,  in  dollars,  per  poim.d  of  steel  trusses  in  place. 

w  a  weight  of  steel,  in  pounds,  per  lineal  foot  of  entire  superstructure. 

C  »  a  constant  in  the  straight  line  formula  for  bridge  weight  {w  ^  CL  + 
F),  the  value  of  C  depending  on  the  type  of  bridge  and  the  loading. 

F  »  weight  of  steel  floor  system,  in  pounds,  per  lineal  foot  of  bridge. 

M  »  capitalized  cost  of  annual  repairs  and  renewals  of  steel  trusses,  ex- 
pressed as  a  percentage  of  the  first  cost  of  the  trusses. 

N  "  capitalized  cost  of  annual  repairs  and  renewals  of  the  pier,  expreased 
as  a  percentage  of  the  first  cost  of  the  pier. 

B  -  width,  in  feet,  of  fioor  of  a  highway  bridge. 

The  weight  per  lineal  foot  of  a  steel  bridge,  whether  {date  girder  or  truss 
brkige,  may  be  expressed  by  the  following  general  formula: 

w  =  CL  +  F (1) 

Hence  the  cost  of  the  steel  per  lineal  foot  of  bridge  is 

7  a.  top  =  pCL  +  pF (2) 

When  the  cost  of  a  pier  is  not  a£Fected  by  increasing  or  decreasing  the  length 
of  bridge  span,  as  is  usually  the  case,  then 

''l  ^3> 

But 

y  ^  I  +  S (4) 

l/=  pCL  +  P^+^ • (5) 

To  determine  the  minimum  value  of  y  (»  cost  per  lineal  foot  of  entire 
bridge),  differentiate  eq.  (5),  remembering  that  L  and  y  are  the  only  variables. 

^^,       KdL 
dy  ^  pCdL —- (6) 

Li* 

dy 
Placing  the  first  differential  coefficient  —  "  0,  we  have 

dL 

K 
^^-Z« (7) 
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ibstituting  for  —Its  value  In  eq.  (3),  we  have 
L 

S 

=   1 ^«^ 

'=  S (9) 

ut  pCL  \a  the  cost  of  the  trusses  per  lineal  foot  of  bridge,  hence 

=  pCL (10) 

=  S (11) 

enoe,  for  the  economic  span,  the  cost  of  the  trusses  per  lineal  foot  of 
ge  must  equal  the  cost  of  the  pier  per  lineal  foot  of  bridge,  provided  there 
9  annual  expense  for  maintenance  and  depreciation. 
'  eq.  (7)  be  solved  for  L,  we  have 


ylfc 


^      (12) 

pC 

f  eq.  (7)  be  solved  for  K,  we  have 

:  «  pCL* (13) 

iquation  (12)  is  to  be  used  only  where  there  is  no  annual  expense  for  repairs 
eoewals  of  either  substructure  or  superstructure,  which  is  rarely  the  case- 
I  a  steel  bridge  has  a  life  of  20  years,  and  if  money  is  worth  5  per  cent  per 
um  to  the  investor,  a  sinking  fund  table  shows  that  93  must  be  put  in  the 
d  annually  to  amount  to  <100  at  the  end  of  20  years.  This  $3  is  the  annual 
t  of  renewals.  Capitalizing  it  at  5  per  cent,  we  have  $3  -^  0.05  «.f60, 
ch  is  the  capitalized  cost  of  renewals  on  every  $100  of  first  cost  of  bridge 
il  in  place.  Hence  the  value  of  Af  in  this  case  is  60  i>er  cent,  or  0.4$0.  In 
er  words  the  total  cost  of  the  steel  per  pound  is  p  +  Mp,  or  (1  -f-  jlf)p>  or 
p  in  this  case,  if  we  include  not  only  the  first  cost  but  the  capitalized  cost 
enewal. 

n  addition  there  is  the  annual  cost  of  painting  the  steel.  If  it  costs  $2  a  ton 
icrai>e  and  paint  the  steel,  and  if  this  is  done  every  5  years,  we  have  $0.40 
the  annual  cost  of  painting,  which  capitalized  at  5  per  cent  is  $8  per  ton. 
teel  costs  $80  per  ton  in  place,  the  capitalized  cost  of  painting  the  steel  is 
per  cent,  or  0.10,  of  its  first  cost.  This  0.10  also  is  a  part  of  M,  hence  the 
al  value  of  ilf  in  this  case  is  0.6  -f-  0.1  -  0.7.  Hence  in  this  case  the  entire 
t  of  the  steel  per  poond  is  its  first  cost  plus  its  capitalized  cost  of  renewal  and 
nting,  or  l,7p.  Theretore,  if  the  steel  in  a  bridge  has  a  limited  life,  we 
St  substitute  for  p,  in  eqs.  (9)  and  (12)  its  entire  cost,  namely  1.7p  in  the 
ticular  case  just  discussed,  or  (1  +  ilf) p  in  any  case.  This  gives  us, 
tead  of  eqs.  (9)  imd  (12), 


-\-  M)pCL  =  S,  or  (1  +  M)T  -  iS (14) 


- ^.(15) 

(1  +  M)pC 


Assuming  money  to  be  worth  5  per  cent  per  year,  we  can  readily  derive  the 
)italized  cost  of  steel  renewals  for  any  given  life  of  steel  bridge,  by  the 
thod  above  indicated,  and  adding  0.10,  or  10  per  cent,  as  the  capitalized 
it  of  painting,  we  have  the  total  value  of  Jlf  as  in  Table  I, 
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TABLE  I 

life  in  yean 

Value  of  M 

20 

0.60 

25 

0.52 

30 

0.40 

35 

0.32 

40 

0.27 

50 

0.20 

ViUues  of  C  may  be  derived  from  formulas  giviiig  tbe  weight  of  steel  per 
lineal  foot  of  bridge.  Using  the  formulas  given  on  pages  1471,  1474  and  1478 
of  Gillette's  "Handbook  of  Cost  Data,"  2nd  edition,  we  have  Table  II. 

Tablk  II 

C  «  7,  for  single  track  railway  truss  bridges.  Cooper's  E>50  loading. 

C  -B  12,  for  plate  girder  bridges,  ditto. 

C  "  IH,  for  single  track  electric  railway  truss  bridges,  loaded  with  30-ton  cars, 

oi  2,000  lbs.  per  lin.  ft. 
C  *  ^tj^  plate  girder  bridges,  ditto. 

C  "  YT~o  "*  ^*^  ^'  '^'  highway  riveted  steel  truss  bridges,  with  sidewalks. 
11. o 

wooden  floor  system,  loaded  80  lbs.  per  sq.  ft.,  with  sidewalks  (B  being 

width  in  feet  of  floor,  including  width  of  sidewalk ) . 

C  «  ^-~z  ^  0.11  B,  for  ditto  without  sidewalks. 

^  0.24  B,  for  through  plate  girders,  ditto. 


4.25 


C  *  V-  ""  0.20  B,  for  deck  plate  girders,  ditto. 

5 

C  V  7*  >■  0.25,  for  truss  highway  bridge  with  solid  floors  (assumed  dead  weight 
being  160  lbs.  per  sq.  ft.  of  floor). 

C  *  -^-  ■■  0.42  B,  for  through  plate  girders,  ditto. 

B 
'^  :  0.38  for  deck  plate  girders,  ditto. 


2.6 


There  ue  some  rivers  and  river  beds  of  a  character  that  necessitate  con- 
siderable expenditures  for  riprap  and  other  pier  protection  at  frequent  inter- 
vals. In  such  cases,  the  annual  cost  of  pier  protection  should  be  capitalized 
and  added  to  the  first  cost.  Thus,  if  <50  is  the  average  annual  expenditure  for 
pier  protection  and  maintenance,  we  have  $50  +  5  per  cent  >-  $1,000,  which 
is  the  capitaliised  cost  of  pier  maintenance.  If  the  first  cost  of  the  pier  is 
$2,500,  this  $1,000  is  40  per  cent,  or  0.40,  of  the  first  cost.  Hence  N  -  0.4, 
and  in  eq.  (15)  we  must  substitute  (1  -^  N)K  for  the  value  of  K  there  given,  if 
we  are  to  take  into  consideration  the  capitalized  maintenance  cost  of  the  pier 
as  well  as  its  first  cost.    Then  we  have 


\(i  + 


^^^  (16) 


M)pC 
In  like  manner,  eq.  (14)  becomes 

(1  +  M)T  ^  (1  -\-N)S ^....(17) 

Eq.  (17)  is  the  rule  printed  above  in  italics. 
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BXAlfPJUBS 


WxampU  I. — ^Assume  ft  first  cost  for  ft  bridge  pier  of  S2,500,  a  flr«t  cost  of 
,04  per  lb.  for  steel  in  place,  a  life  of  30  years  for  the  steel,  of  a  single  t»ack 
Iway  truss  bridge.  Cooper  E-50  loading.    What  is  the  economic  span 
ten  there  are  a  series  of  spans? 
In  eq.  (15)  substitute  the  above  values,  and  we  have 


J         ^  -  J '-^ (16> 

\  (1  +  M)pC         \  a  +  M)  X  0.04C 


Table  I  gives  M  -  0.4  lor  a  life  of  30  years. 
Table  II  givfts  C'  «  7  f or  a  truss  railway  bridge. 
Therefore, 


V 


'•'^  80ft (17) 


1.4  y  0.04  X  7 


Hence  the  economic  span  is  80  ft. 

BxampU  II. — ^Assume  a  solid  floor  highway  truss  bridge  with  floor  width 
?)  of  24  ft.,  a  cost  of  each  pier  of  $3,600,  a  first  cost  of  $0.04  per  lb.  for  steel 
place,  a  life  of  40  years  for  the  steel.    What  is  the  economic  span 7 


=  J— ^^ J i?52 109 (16) 

\(1  +  M)pC        \(1  +  0.27)  X  0.04  X  6 

Hence  the  economic  span  is  100  ft. 

Example  HI. — ^A  series  of  railway  truss  bridge  spans  consists  of  150  ft. 
>ans;  the  loading  is  Ck>oper  £-50;  steel  costs  4  cts.  per  lb.  in  place.  What 
iould  be  the  cost  of  each  pier  to  justify  such  a  span,  even  assuming  that  the 
eel  requires  no  repairs  and  renewiUs? 

£q.  (13)  gives  the  desired  value  for  K,  hence 

-  pCL*  -  0.04  X  7  X  150  X  150  -  $5,300 (17) 

A  concrete  pier  containing  200  cu.  yds.  and  costing  $12  JO  per  cu.  yd.inelud* 
g  cost  of  coflierdom,  excavation  and  foundation  piles,  costs  $2,500.  Such  a 
S,500  pier  is  fairly  typical,  and  railway  spans  of  150  ft.  may  be  frequently 
en  on  i^rs  of  no  greater  size  and  cost,  showing  that  a  much  shorter  span  than 
iO  ft.  should  have  been used.  In  fact,  as  was  shown  in  Example  I.  a  span  of 
\  ft.  is  the  economic  where  piers  cost  $2,500  each,  and  where  the  life  of  the 
eel  biidge  is  80  years,  money  being  worth  5  per  cent. 
Di9eu»n»n. — ^It  will  be  noted  that  Mr.  Waddell's  rule  (eq.  1 1),  or  its  equiva^ 
lit  as  given  in  eq.  (12),  results  in  a  considerably  longer  span  than  is  obtained 
'  the  use  of  the  correct  rule  (eq.  17),  or  its  equivalent  as  given  in  eq.  (16). 
A  study  of  eq.  (16)  or  (17)  shows  that  an  engineer  shcmld  make  the  surveys 
r  and  designs  of  the  piers  of  a  bridge  crossing,  and  should  carefully  estimate 
e  cost  of  piers  before  attacking  the  problem  of  designing  the  span.  The 
;e  and  cost  of  a  pier  are  usually  not  materially  affected  by  the  cost  of  the 
an,  whereas  the  length  and  cost  of  the  span  are  functions  of  the  cost  of 
e  pier.  Many  bridge  engineers  have  attacked  such  problems  wrong  end  to, 
lecting  span  lengths  in  advance  of  determining  the  probable  cost  of  piers. 
itnesB  to  this  may  be  had  by  studying  published  costs  of  bridge  crossings,  as 
)11  as  by  even  cursory  examination  of  many  crossings. 
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Rules  for  Designing  Bridge  Spans,  the  Cost  of  Whose  Supports  Varies  v>ith  the 
Span  Length. — ^In  the  deduction  of  the  preoeding"  formulas  it  has  been  assumed 
that  the  cost  of  ea^  pier,  K,  was  not  a£Fected  by  the  length  of  the  span.  This 
usually  holds  true  of  piers  in  rivers,  for  their  cross-section  is  designed  to  resist 
the  thrust  and  impact  of  ice,  logs,  boats,  etc.,  and  is,  therefore,  far  in  excess 
of  a  cross-section  required  merely  to  support  the  bridge  spans  and  their  loads. 
But  when  a  bridge  is  built  over  the  land,  or  in  still  water  where  boats  do  not 
ply,  or  wherever  the  piers  (or  their  equivalent)  are  given  a  cross-section  suffi- 
cient merely  to  support  the  load,  the  preceding  formulas  can  not  be  used 
without  modification. 

When  a  pier  becomes  merely  a  supporting  column,  its  cross-section  varies 
directly  with  the  load.  Hence  doubling  the  span  doubles  the  load  on  the 
column,  and  therefore  doubles  its  area  of  cross-section  and  approximately 
doubles  its  cost.  In  brief,  the  total  cost  of  columns  is  practically  a  constant 
for  any  given  length  of  crossing,  regardless  of  the  lengths  of  individual  spans. 
Such  colmnns  are  like  the  fioor  system  in  that  their  cost  per  lineal  foot  of 
bridge  is  unaffected  by  changes  in  the  span  lengths.  Hence,  the  formulas 
above  given  can  be  applied  to  a  series  of  spans  supported  by  oolmnns,  only  upon 
condition  that  the  cost  of  the  columns  be  entirely  ignored.  In  the  case  of  an 
elevated  railway,  for  example,  K  (in  the  above  formulas),  becomes  merely  the 
cost  of  the  foundations,  or,  more  correctly,  the  cost  of  that  part  of  the  founda- 
tion not  appreciably  affected  by  the  load  upon  the  column.  The  sam9  holds 
true  of  viaducts. 

A  study  of  the  detailed  cost  of  a  number  of  steel  viaducts,  given  in  Gillette's 
"Handbook  of  Cost  Data,'*  page  1620  et  seq.,  shows  t|iat  several  viaducts 
approximate  closely  to  eq.  (17),  but  that  many  of  them  fall  wide  of  the  eco- 
nomic mark,  so  wide,  in  fact,  that  it  is  quite  dear  that  the  designers  made 
little  or  no  advuice  study  of  the  cost  of  the  foundation  and  pedestals. 

Oost  of  elevated  railways,  in  the  same  book,  page  1376  et  seq.,  show  similar 
errors  of  economic  design,  if  no  account  is  talcen  of  the  fact  that  dose  spacing 
of  columns  on  city  streets  is  often  prohibitory,  because  of  damage,  or  alleged 
damage,  to  property.  This  last  factor,  however,  is  one  that  frequently 
oi)erates  to  produce  longer  spans  of  elevated  railway  girders  than  would 
otherwise  be  economically  permissible. 

It  is  evident  that  in  applying  eq.  (17),  the  designer  must  bear  in  mind  that 
no  part  of  the  cost  of  the  substructure  which  is  a  function  of  the  load  of  the 
span  and  its  live  load  should  be  regarded  as  being  a  part  of  K.  When  this 
provii^n  is  held  clearly  in  mind,  eq.  (17)  furnishes  a  correct  solution  not  only 
for  bridge  spans  on  masonry  piers,  but  for  viaducts  and  elevated  railways. 

Deduction  of  a  Formtila  for  the  Most  Bconomic  Span  of  Timber  Trestles. — 
The  following  is  an  article  by  H.  P.  Gillette  in  Eng^eering  and  Ckmtracting. 
April  17.  1912. 

The  calculation  for  timber  trestle  spans  differs  mainly  from  that  for  steel 
spans  in  that  the  masonry  piers  for  steel  spans  have  a  much  longer  life  than 
that  of  the  steel  spans,  whereas  the  bents  of  a  trestle  usually  have  a  life  that 
is  the  same  as  that  of  the  stringers  or  beams.  The  economic  effect  of  a  life  of 
masonry  piers  that  is  longer  than  the  life  of  the  supported  steel  spans  is  fully 
discussed  in  the  preceding  pages.  In  the  same  article  it  is  shown  that  the  cost 
of  the  floor  system  does  not  enter  as  a  factor  in  the  problem  of  most  economic 
steel  span.  Similarly,  of  course,  the  cost  of  the  "deck"  of  a  railway  trestle 
or  the  cost  of  the  floor  plank  of  a  highway  trestle  does  not  enter  the  i»t>blem 
before  us. 
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Let 

C  «  total  cost  (in  dollars)  of  beams  or  stringers  in  a  span. 

;   «  cost  of  beams  per  lin.  ft.  of  trestle. 

K  »  total  cost  oi  a  bent. 

k  »  cost  of  bents  per  lin.  ft.  of  trestle. 

y  «  combined  cost  of  beams  and  bents  per  lin.  ft.  of  trestle. 

W  -  total  safe  load  (dead  and  live)  in  lbs.  at  center  of  a  span 

P  -■  constant  for  any  given  kind  of  timber  >-  7a  for  southern  yellow  pine. 

b  »  aggregate  breadth,  in  inches,  of  beams  in  a  spam. 

d  »  depth  of  beam,  in  inches. 

L  »  length  of  span,  in  feet. 

M"  number  of  1,000  ft.  B.  M.  of  beams  in  a  span. 

p  »  price  (in  place)  per  M.  of  timber  in  beams,  in  dollars. 

(1)  C  -  pM. 

pM 

(2)  c  -  ^• 


(3)  * 


L 
K 

• 

L 


(4) 

y  -  « 

pM 

K 
L 

(5) 

W  - 

Fbd* 

•     (See  th€ 

Li 

\OT\ 

(6) 

hd  - 

WL 
Fd 

(7) 

M  - 

hdL 
12,000 

(8) 

hd  « 

12.000  3f 
L 

Combining  (6)  and  (8) 

tCi\ 

WL 

12,000  JIf 

Fd  L 

WL* 


^^^>  ^         12.000Fd 
Substituting  in  (4). 

pWL  K 

To  solve  for  a  minimum  unit  cost  (y),  differentiate  and  place  the  first 
fferential  coefBcient  equal  to  zero. 

pWdL        KdL 

dy  pW  K 

dL  "   12,000Fd 


^^^^  dL  "   12.000Fd       L' 


(.14)  K 


12,000Fd 
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Substituting  value  of  M  (see  eq.  10)  in  eq.  (14). 

(15)  IT  -  pM. 

But  by  eq.  (1),  pM  •  C,  hence 

(16)  K  »  C, 

Henet  the  mott  economic  treelle  »pan  it  teeured  when  the  eoei  of  a  tingle  bent 
equaU  the  cott  of  aU  the  heanu  or  atringere  in  a  eingU  epan. 

To  arrive  at  a  formula  that  will  give  the  length  of  the  most  economic  span 
directly,  solve  for  L  iB  e.  (14).    Then: 

*  \2,(3O0KFd 


(18)  L  -  Jl2.000/rFd  .  jj^       /KFd 

\   pw  yipw 


p 

nearly.    Equation  (18)  is  the  desired  formula  by  which  to  determine  the  most 
economic  span  for  a  timber  trestle. 

It  will  be  observed  that  the  first  step  in  solving  for  L  in  eq.  (18)  is  the 
determination  of  the  cost  {K)  of  a- bent.  It  will  also  be  noted  that  K  is 
assumed  not  to  be  affected  by  the  length  of  the  spans  between  bents,  which 
is  essentially  true  in  all  ordinary  railway  and  wagon  trestles,  for  the  posts  are 
commonly  made  of  some  standard  cross-section  (as  12  X  12  ins.)  regardless  of 
the  height  of  the  bents,  and  so  large  a  factor  of  safety  is  used  for  the  posts  that 
the  number  of  posts  in  a  bent  is  not  altered  by  ordinary  changes  in  the  spacing 
of  the  bents;  that  is,  In  the  span  of  the  beams.  If,  however,  change  is  made  in 
the  amount  of  timber  in  the  bents  because  of  increased  live  load  per  bent  due 
to  longer  spans,  then,  although  there  is  an  increase  of  material  in  the  posts  per 
bent,  there  is  no  increase  in  the  total  material  of  all  the  posts  in  the  whole 
trestle.  In  other  words,  changes  in  the  amount  of  material  in  posts  of  a  bent 
resulting  from  increased  spans  cause  no  change  in  the  material  in^  all  the  posts 
per  lin.  ft.  of  bridge;  hence  we  must  confine  our  attention,  in  solving  for  /?, 
to  such  costs  of  a  bent  as  remain  unaffected  by  changes  in  spacing  of  bents. 

For  any  given  type  of  trestle  and  loading,  the  cost  per  bent  (iC)  is  mainly 
a  function  of  the  height  of  the  bent  and  the  price  of  timber  in  place.  Hence 
the  economic  span  L  varies  approximately  as  the  square  root  of  the  height  of 
average  bent  in  the  trestle.  This  is  a  point  that  is  seldom  given  enough  con- 
sideration by  designers  of  trestles. 

The  ordinary  limitations  as  to  commercial  length  (L)  and  depths  {d)  of 
timber  beams  do  not  permit  any  great  refinement  in  solving  for  the  most 
economic  span  in  trestles.  But  on  the  Pacific  coast,  where  very  long  and 
large  timbers  are  available  at  low  cost,  trestle  designers  can  use  eq.  (18)  to 
great  advantage.  The  writer  has  seen  any  nimiber  of  wagon  road  and  rail- 
way trestles  on  the  Pacific  coadt  that  were  uneconomically  designed,  appar-; 
ently  because  "standard  designs"  worked  out  for  eastern  conditions  had  been 
adopted.  Highway  trestles  with  bents  spaced  16  ft.  apart  are  far  from  being 
economic  in  a  country  where  timbers  30  ft.  long  are  available  and  cheap; 
yet  a  16  ft.  spacing  of  bents  is  often  used  for  wagon  road  trestles,  merely 
because  it  is  "standard."  Standard  designs  are  money  savers  when  standard 
conditions  exist,  but  otherwise  standard  designs  are  frequently  causes  of  great 
waste  of  money. 
Equation  (18)  makes  it  evident  that  before  the  spacing  of  bents  is  decided 

>n,  the  average  height  of  bents  should  be  determined.    It  also  shows  that 
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unit  price  (p)  of  timber  is  an  important  factor  when  the  unit  price  of  tim* 
in  the  beams  exceeds  tliat  in  the  bents,  as  oft^  happens  where  very  long 
.nis  are  required. 

The  safe  center  load  ( W)  should  of  course  include  the  load  of  the  beams  and 
k,  and  this  is  readily  allowed  for  by  remembering  that  a  uniformly  dls- 
»uted  load  is  equal  in  effect  to  half  as  great  a  center  load  on  a  beam, 
liquation  (18)  contains  the  element  d,  or  depth  of  beam;  d  is  usually  made 
i;reat  as  possible,  having  regard  to  commercial  sizes  of  timber  and  the 
ct  of  d  upon  the  unit  price  of  timber  (p) .    In  any  given  market  the  relation 


6 


• 

k 

. 

3           4 

t           i 

i        e 

'  ■       ' 

'           6 

S 

)       to 
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o  5pon  Lengths  in  Hundred  feet 

Fig.  \„ — Uniform  live  load  eqtdvaleiit  to  clan  R  bridges. 

D  to  d  (the  depth)  and  L  (the  length)  of  beams  can  be  determined  and 
ressed  in  the  form  of  an  equation,  so  that  the  value  of  p  thus  determined 
be  substituted  in  eq.  (18),  thus  permitting  a  direct  solution  of  the  problem 
tiout  resorting  to  the  clumsier  method  of  successive  approximation^. 
.  Comparison  of  Carbon  Steel  and  High-alloy  Steels  for  Bridges. — The 
dwing  data  on  "  High-alloy  Steels  for  Bridges,"  abstracted  and  rearranged 
n  a  paper  by  J.  A.  L.  Waddell,  in  Proceedings,  American  Society  ol  Civil 
rineers,  Vol.  XL,  p  669,  and  from  the  discussion  of  this  paper  on  p.  1613  of 
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Fig.  2. — Uniform  live  load  equivalent  to  dass  U  bridges. 

Proceedings,  were  published  in  Engineering  and  Contracting,  June  17. 
4. 

L  condition  which  at  present  militates  seriously  against  the  use  of  tAtSksX 
A  in  bridge  building  is  that  the  manufacturers  ask  for  it  an  additional 
»  of  about  2  cts.  -per  poimd,  as  compared  with  ordinary  carbon  steel, 
lough  but  little  more  than  one-half  that  would  be  a  suffldent  excess  price, 
the  future  development  of  America  will  necessitate  the  construction  of 
ay  long-span  bridges  it  is  almost  a  necessity  that  there  be  found  an  aUoy 
3teel  of  great  strength,  high  elastic  limit,  workable  under  all  necessary 


1120 


HANDBOOK  OF  CONSTRUCTION  COST 


manipulations  in  the  shops,  and  of  moderate  cost.  It  is  realized  that  the 
discovery  of  such  an  alloy  will  require  much  study  and  exhaustive  experi- 
ments, but  the  saving  in  cost  of  a  sin^e  large  bridge  might  easily  exceed  the 
entire  expenditure  for  such  experiments. 

The  basis  of  the  following  investigatiim  is  a  mass  of  diagrammed  and  tabu- 
lated data  on  the  weights  of  metal  in  simple  spans  and  cantilever  bridges  of 
carbon  steel,  up  to  a  limit  of  600-ft  spans  for  the  former  and  1,800-ft.  main 
openings  for  the  latter,  accumulated  by  the  writer  and  his  firm  during  tlie  last 
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Fio.  3. — tJniform  live*  loads  equivalent  to  ola«  R  bridges  plus  impact. 

25  years,  together  with  the  weights  of  nickel-steel  bridges  and  of  mixed 
nickel-steel  and  carbon-steel  bridges  computed  by  the  writer  in  the  prepara- 
tion of  a  previous  paper  on  "  Nickel-Steel  for  Bridges."  As  the  weights  of 
metal  per  linear  foot  in  simple  truss  bridges  were  limited  to  lengths  of  600  ft. 
in  the  former  paper  they  have  here  been  extended  to  1,000  ft.  by  making: 
actual  calculations  of  stresses,  sections,  and  weights  of  metal  for  several  long 
spans,  using  the  various  kinds  of  steel  assumed.  The  weights  for  bridges  of 
carbon  steel  are  based  on  the  standard  specifications  given  in  the  writer's 
^'De  Pontibus."    They  are  quite  accurate  up  to  the  limits  of  1,000  ft.  for 


\ 

\ 

^_^ 

I 

— 

i 

' — 

— 

^ 

»         A 

1         /I 

3         li 

Z        U 

i         H 

i      n 

1      i 

0      z 

i     t 

i      H 

i      I 

i     J4 

9       S 

f      * 

5 

Span  Lengths  m  Hundred  Feet 
FiQ.  4. — Uniform  live  loads  equivalent  to  class  U  bridges  plus  impact. 

simple  spans  and  1,800  for  the  main  openings  of  cantilever  bridges.    Figs.  1 

and  2  give  the  equivalent  uniform  live  load  per  linear  foot  of  single  track 

assumed  in  computing  the  weights  of  trusses.    The  impact  percentages  were 

obtained  from  the  writer's  formula. 

40  000 
I  -  '  where  I  is  the  percentage  of  Impact,  and  L  is  the  loaded 

L  -r  600 

length,  in  feet,  required  to  give  the  maximum  stress.    Figs.  8  and  4  give  a 

combination  of  the  equivalent  uniform  live  loads  and  the  impact  loads.    The 

loads  obtained  from  these  curves  added  to  the  dead  loads  give  the  total  loads 

per  linear  foot  used  for  the  bridges. 


yuu,  tuB.- 

For  600-  For  1,000- 

ft.  span 

ft.  span 

1.650 

2.000 

1.300 

1,750 

1.150 

1.600 

1.050 

1.500 

1.000 

1.400 

050 

1.300 

900 

1.200 
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ibles  III  to  VIII,  induslye,  give  the  approximate  weights  of  metal,  in 
ids  per  linear  foot  of  span,  for  the  floor  system,  lateral  system  and  on 
I  for  simple  and  cantilever  bridges,  for  various  spans  and  elastic  limits, 
From  these  tables  and  the  diagrams  shown  in  Figs.  5  and  6  (which  will  be 
iined  later)  there  can  be  determined  the  weights  for  the  trusses, 
'tie  author  develops  reduction  formulas  for  determining  the  weights  of 
systems,  lateral  systems  and  on  piers  of  alloy-steel  bridges  from  the 
vn  weights  of  carbon-steel  bridges,  but  we  have  omitted  these  in  our 
ract.) 

'ablk  III. — Weights  of  Metal  in  Floor  Systems  of  Simple  Spans 

Weight  of  metal  per  lin.   ft.   of 

ital  mainly  For  350- 

3d  in  span  ft.  span 

on  steel 1 .400 

50.000  lbs 1 ,  150 

60,000  lbs 1,000 

70,000  lbs 900 

80,000  lbs 850 

90.000  lbs 800 

100,000  lbs 750 

^LB  IV. — Weights  of  Metal  in  Lateral  Systems  of  Simple  Spans 

Weight  of  metal  per  lin.   ft.   of 
span,  lbs. 
tal  mainly  For  350-      For  600-    For  1,000- 

td  in  span     ^^  ft.  span       ft.  span       ft.  span 

on  steel 450  600  1 ,200 

50.000  lbs 460  600  1,160 

60,000  lbs 450  600  1,100 

70.000  lbs 450  600  1.050 

80.000  lbs 450  600  1,000 

90.000  lbs 450  600  950 

100,000  lbs 450  600  900 

Table  V. — Weights  of  Metal  on  Piers  for  Simple  Spans 

Weight  of  metal  per  lin. 

^ft.  of  span,  lbs. 

tal  mainly  For  350-       For  1,000- 

d  in  span  ft.  span         ft.  span 

)n  steel 250  400 

50,000  lbs 200  300 

60,000  lbs.... 190  280 

70,000  lbs 180  260 

80,000  lbs 170  240 

90.000  lbs 160  220 

100,000  lbs 150  200 

B  VI. — Weights  of  Metal  in  Floor  Systems  of  Cantilever  Bridges 

Weight  of  metal  per  lin.  ft.  of  span,  lbs. 

1,200-    1.800-    2,400-    3,000-    3.600- 
al  mainly  600-ft.       ft.  ft.  ft.  ft.  ft. 

i  in  span  span      span      span      span      span      span 

.n  steel 1.600 

50,000  lbs 1,200 

60,000  lbs 1.000 

70,000  lbs 950 

80,000  lbs 900 

90.000  lbs 850 

iOO.OOOIbs 800         900     1,000     1,500     1,900     2,400 

71 


ft. 

ft. 

ft. 

ft. 

span 

span 

span 

span 

1.800 

2,000 

•  •  •  •  • 

1.450 

1.650 

2,400 

1,200 

1.400 

2.100 

1,150 

1.300 

1.850 

•  •  •  •  ■ 

1.050 

1.200 

1,700 

2,200 

950 

1,100 

1,600 

2,000 

900 

1.000 

1,500 

1,900 
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Tablb  VII. — WiaaHTS  of  Mbtal  in  Latbbai.  Ststbms  of  Gantii<evbb  Bbidgbs 


Metal  mainly  600-ft 

used  in  span  span 

Carbon  steel 800 


Weight  of  metal  per  lin.  ft.  of  span  lbs. 

1.20Ot    1.800-    2400"    3.000-    3.600- 

ft.  ft.  ft. 

span      span       span 


E 
E 
E 
E 
E 
E 


60.000  lbs 800 

60,000  lbs....; 800 

70,000  lbs 800 

80.000  lbs 800 

90,000  lbs 800 

100,000  lbs 800 


ft. 
span 

1,100 
1,050 
1,000 
1,000 
1,000 
1.000 
1,000 


ft. 
span 

1.400 
1.300 
1,200 
1,200 
1.200 
1.200 
1,200 


1.800 
1,600 
1,600 
1.600 
1.600 
1,600 


2.000 
2.000 
2.000 
2.000 


2.4U0 
2.400 


Table  VIII.  — Weights  of  Metal  on  Piers  fob  Cantilever  Bridges 


Weight  of  metal  per  lin.  ft.  of  span,  lbs 

*  1  o/v\        1   OAA        n  ji/v\        o  firux         r%n 


1,200-  1.800-  2.400- 

Metal  mainly                              600-ft.  ft.  ft.  ft. 

used  in  span                                  span  span  span  span 

Carbon  steel 700  1 ,  100  2, 100     

E=    SO.OOOlbs 600  900  1,700     

E=    eO.OOOlbs 580  860  1,600  2,200 

E=    70.000  lbs 560  820.1,500  2,100 

E=    SO.OOOlbs 540  780  1.400  2.000 

E=    OO.OOOlbs 520  740  1,300  1.900 

E=  100.000  lbs 500  700  1,200  1,800 


3,000- 

ft. 
span 


3,500 
3,200 
2,900 
2.600 


3600- 

ft. 

span 


3,900 
3,600 


The  weight  in  pounds  i)er  linear  foot  of  the  trusses  of  simple  carbon  steel 
spans  may  be  expressed  by  the  formula, 

T  =  K  -\-  Tx  ■\-  Cc  -\-  C^, 

where  /IT  is  the  part  of  the  total  truss  weight  per  linear  foot  which  is  inde- 
pendent of  the  quality  of  the  metal  and  of  the  stresses;  T\  is  the  weight  of  the 
main  portions  of  the  tension  members  and  of  their  details  which  are  directly 
affected  by  the  stresses;  Ce  is  the  weight  of  the  main  portions  of  the  compres- 
sion chords  and  inclined  end  posts  and  their  details  which  are  directly  affected 
by  the  stresses;  and  Cw  is  that  of  the  main  portions  of  the  compression  web 
members  which  are  directly  affected  by  the  stresses.  From  experience  in 
designing  large  bridges  it  may  be  stated  that,  as  an  average,  K  ^  QJ2T; 
Tx  -  0.3  r,-  Cc  =  0.3  r;  and  C»  =  0.27. 

It  is  well  known  that  in  trusses  with  parallel  chords  and  of  economic  depths 
the  weight  of  the  chords  is  equal  to  the  weight  of  the  web;  but  in  trusses  with 
polygonal  chords,  having  center  depths  less  than  the  theoretically  economic 
ones,  as  do  those  of  all  long-span  bridges,  the  weight  of  the  chords  is  much 
greater  than  that  of  the  web.  As  a  general  average  for  long  spans  the  ratio  of 
weight  of  chords  to  that  of  webs  is  about  6  to  4. 

Fig.  5  gives  the  total  weight  of  metal  per  linear  foot  of  span  in  simple-truss 
bridges  for  "Class  R"  live  load,  for  carbon  steel  and  for  alloy  steels  having 
various  elastic  limits.  An  inspection  of  these  curves  shows  the  great  saving 
in  weight  of  metal  which  may  be  obtained  by  using  alloy  steels  instead  of 
carbon  steel.  This  difference  is  most  apparent  between  the  weights  for  alloy 
steel  having  an  elastic  limit  of  50,000  lbs.  (the  nickel  steel  whidi  the  maou- 
f acturers  are  willing  to  furnish)  and  that  having  an  elastic  limit  of  60.000  \\». 
The  gradual  reduction  in  the  saving  of  metal  with  the  increase  of  elastic  limit 
is  strikingly  noticeable;  and  the  conclusion  may  be  drawn  that,  unless  the 
extremely  high-alloy  steels  can  be  obtained  with  only  a  moderate  increase  in 
cost,  there  will  be  no  economy  in  using  them  for  simple-span  bridges. 

Fig.  6  gives  the  average  total  weights  of  metal  per  linear  foot  of  span  for 
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a.  5. — Total  weights  of  metal  per  linear  foot  of  span  for  double-track,  simply 
span  bridges  of  carbon  steel  and  alloy  steels  of  various  elastic  limits. 
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o.  6. — ^Total  weights  of  metal  per  linear  foot  of  span  for  double-track,  oanti-' 
lever  bridges  of  carbon  steel  and  alloy  steels  of  various  elastic  limits. 
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cantilever  structures  havizig  main  openings  of  various  lengths.  The  live  loads 
used  are  "Class  R"  and  "Class  S"  for  the  floor  systems  and  "Class  U"  for 
the  trusses.  The  proportional  dimensions  of  typical,  through,  cantilever 
bridges  are  as  follows:  a  mahi  span,  I,  having  a  suspended  span  of  ^l,  two 
cantilever  arms  each  of  Hah  and  two  anchor  arms  of  the  same  length  as  the 
cantilever  arms.  Any  reasonable  variation  from  these  proportions  would 
not  change  materially  the  average  weight  of  metal  per  linear  foot  of  span 
given  by  the  curve?  of  Fig.  6.  The  superiority  of  alloy  steels  over  carbon 
steel  is  just  as  deariy  shown  as  it  was  in  the  curves  for  the  simple  spans,  but 
the  advantage  of  using  very  high  steels  is  greater. 

If  it  is  assumed  that  a  limit  of  36.000  lbs.  of  metal  per  linear  foot  of  span  is  as 
high  as  it  is  either  economical  or  practicable  to  go  in  the  construction  of  double- 
track  cantilever  bridges  (and  the  curves  show  this  to  be  a  logical  limit),  the 
following  limiting  lengths  of  main  openings  will  be  approximately  as  follows: 

Maziinuin 
leiagth,  in 
Kind  of  steel  ft. 

Carbon  steel 2 .030  . 

Steel  with  50.000  lbs.  elastic  limit '. 2,340 

Steel  with  60,000  lbs.  elastic  limit 2,590 

Steel  with  70,000  lbs.  elastic  limit 2,780 

Steel  with  80,000  lbs.  elastic  limit '      2,910 

Steel  with  90,000  lbs.  elastic  limit 3,030 

Steel  with  100,000  lbs.  elastic  limit 3. 140 

The  assumption  of  36,000  lbs.  of  metal  per  linear  foot  of  span  as  a  maxi- 
mum means  that,  for  carbon  steel,  there  would  be  required  at  this  limit 
4.35  lbs.  of  metal  to  support  each  pound  of  live  load  (exclusive  of  impact 
allowance) ;  and  that  for  the  alloy  steels  of  various  elastic  limits  the  corre- 
sponding values  are  4.37,  4.39,  4.40.  4.41,  and  4.42,  respectively,  the  average 
of  which  is  4.4  lbs.  From  the  appearance  of  the  curves  at  their  upper  ends  one 
may  draw  the  conclusion  that,  in  the  case  of  very  high-alloy  steels,  the  limit 
of  weight  of  metal  per  linear  foot  of  span  can  legitimately  be  raised  beyond  the 
36,000-lb.  limit.  The  more  nearly  these  curves  approach  the  vertical  the 
more  uneconomical  it  would  be  to  extend  the  limit  beyond  36,000  lbs.  per 
linear  foot.  It  is  plainly  evident  that  there  is  no  advantage  in  carrying  the 
carbon-steel  bridges  beyond  the  limit  of  2,000  ft.  for  the  main  opening,  but  it 
is  otherwise  for  the  100,000-lb.  elastic  limit  steel.  Continuing  the  curve  for 
the  latter  it  is  found  that  the  weight  would  reach  46,000  lbs.  per  linear  foot  for 
a  span  of  3.400  ft. ;  and  that  the  inclination  from  the  vertical  at  that  point  is 
greater  than  that  for  the  carbon-steel  curve  at  its  limit  of  36,000  lbs.  with  a 
main  opening  of  2,030  ft.  Perhaps  therefore  it  would  be  more  correct  to 
assume  the  extreme  economic  limit  of  main  opening  to  be  3,400  ft.  or  even 
3,500  ft.  For  this  last  length  the  average  weight  of  metal  per  linear  foot  of 
bridge  shown  by  the  100,000-lb.  elastic  limit  curve  would  be  52,000  lbs/  which 
means  that  it  would  require  6.38  lbs.  of  metal  to  support  each  pound  of  live 
load,  exclusive  of  the  effect  of  impact.  Although  this  is  an  excessive  quan- 
tity, it  is  nevertheless  conceivable  that  conditions  might  exist  which  would 
render  it  advisable  to  adopt  this  extreme  limit  of  main  opening,  although  at 
such  a  length  a  suspension  bridge  would  undoubtedly  be  cheaper.  If  it  is 
admitted  (as  is  maintained  by  some  bridge  engineers)  that  the  impact  of  the 
live  load  on  the  main  members  of  long-span  trusses  is  immaterial,  the  practical 
limit  of  length  of  the  main  openhig  will  be. somewhat  increased.    Moreover, 
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h  a  contention  is  not  fur  from  correct,  aa  the  latest  experiments  on  impact 
m  live  loads  in  bridges  show  that  its  effect  on  moderately  long  spans  is 
ch  less  than  engineers  in  general  have  been  assuming.  It  is  unlikely  that 
impact  ever  reduces  to  zero,  but  for  openings  of  1,200  ft.  or  greater  it  is 
e  that  its  amount  is  so  small  as  to  be  negligible,  in  view  of  the  fact  that  the 

>  load  stresses  in  the  main  truss  members  will  never  be  quite  as  large  as 
y  are  computed.    The  latter  statement  is  true,  because  (a)  the  trains  on 

>  tracks  never  advance  together  so  as  to  produce  maximum  web  stresses; 
sudi  trains  are  not  likely  ever  to  cover  entirely  the  bridge  or  even  any 
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L  engfh^  of  Main  Spans  in  Hundred  Ft 

"lo.  7. — Total  weights  of  metal  per  linear  foot  of  span  for  double-track,  canti- 
;r  bridges  of  carbon  steel  and  alloy  steels  of  various  elastic  limits  when  impacts 
assumed  as  zero. 


ividual  part  of  it,  except,  perhaps,  the  central  span;  and  (c)  it  is  improbable 
t  any  load  of  cars — ^unless  they  are  ore  or  coal  cars — will  ever  be  uniformly 

or  loaded  to  the  assumed  limit. 
'Ig.  7  shows  the  curves  of  weights  for  cantilever  bridges  of  the  same  type 

loading  as  those  used  in  preparing  the  curves  in  Fig.  8  except  that  the 
lact  on  main  members  of  trusses  is  assumed  to  be  zero.  These  curves 
in  at  main  openings  of  1.200  ft.  and  extend  to  the  greatest  practicable 
Iting  lengths  of  such  openings.  A  comparison  of  the  curves  of  Figs.  6  and 
lows  that  by  neglecting  impact  on  trusses  there  is  an  average  saving  of 
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about  700  lbs.  of  metal  per  linear  foot  of  span,  for  all  spans  and  all  kinds  of 
steels.  With  a  few  exceptions  this  difference  is  comparatively  wiiform  for  all 
the  curves,  over  their  entire  lengths. 

Under  the  assumption  that  the  limit  of  weight  of  metal  is  36,000  lbs.  per 
linear  foot  the  greatest  practicable  span  lengths  have  been  increased  on  the 
average  only  about  20  ft.  by  neglecting  impact  on  trusses.  By  comparing 
the  extensions  of  the  curves  for  steel  having  an  elastic  limit  of  100,000  lbs.  it  is 
found  that,  for  an  assumed  limit  of  52.000  lbs.  of  metal  per  linear  foot  of  span, 
the  extreme  practicable  length  of  main  opening  has  been  increased  only  25  ft. 
These  comparisons  indicate  that  there  is  little  gain,  either  in  economy  or 
increase  of  practicable  limit  of  opening,  in  neglecting  the  effect  of  impact. 

Figs.  8  and  9  show  the  percentages  of 

•5^^         I 1- 1 — ■ — ■         I    carbon  steel  in  structures  of  mixed  nJ<dcel 

and  carbon  steels.     The  curves  are  ac- 
curate for  simple  spans  up  to  600  ft.  and 
for  cantilever  bridges  with  openings  up 
to   1,800  ft.,  and  beyond  these  limits 
//    — ^  they  have  been  continued  by  deflections. 
Span  Lengths  in  Hundred  Feet      These  curves  were  prepared  from  dia- 
Fxo.   8.  —  Percentages   of  carbon  grams  of  weights  of  metal  in  bridges  of 
steel  in  simple-span  bridges  of  mixed  mixed  nickel  and  carbon  steels,  and  the 
mckel  and  carbon  steels.  ^i„,««^«       -^     *v  i*      *  ^  i 

diagrams    are    the    result    of    careful. 

detailed  computations  of  actual  designs.  The  percentages  are,  of  course, 
subject  to  great  variation,  because  no  two  designers  would  agree  exactly  as 
to  what  minor«parts  of  an  alloy-steel  bridge  should  be  made  of  carbon  steel. 
The  following  abstract  from  the  discussions  of  the  foregoing  paper  contains 
pertinent  data: 

Diaeuaaion  by  Henry  W.  Hodge. — The  length  of  bridge  spans  in  general  use 
has  been  increasing  steadily,  and  we  have  reached  Umits  where  the  dead  weight 
of  the  structure  has  become  the  largest  portion  of  its  carrying  capacity,  so 
that  some  method  of  keeping  down  the  weight  is  a  necessity  for  the  construc- 
tion of  the  great  spans  now  contemplated.  The  only  way  to  reduce  the  dead 
load  materially  is  by  the  use  of  metal  of  higher  carrying  capacity  than  our 
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Fig.  9. — Percentages  of  carbon  steel  in  cantilever  bridges  of  mixed  nickel  and 

carbon  steels. 


present  materials,  and  an  important  step  has  been  made  in  this  direction  by 
the  use  of  nickel  steel,  which  has  50  per  cent  greater  carrying  capacity  than  the 
carbon  steel  in  general  use. 

The  trusses  of  the  three  668-ft.  spans  of  the  St.  Louis  Municipal  Bridge  were 
designed  for  nickel  steel  throughout,  except  certain  minor  sub-members. 
Nickel-steel  eye-bars  and  carbon-steel  compression  members  were  also  used, 
the  floor  system  and  bracing  being  of  carbon  steel  in  each  case. 

The  weights  of  each  span  were: 

With  complete  nickel-steel  trusses,  lbs 9 ,200,000 

With  nickel-steel  bars,  and  the  rest  of  carbon  steel,  lbs.  10.900,000 , 
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ka  the  dead  load  of  railways,  tracks,  etc..  was  5,500  lbs.  per  linear  foot,  the 
,aX  average  dead  load  was: 

With  nickel-steel  trusses,  lbs.  per  linear  foot 19,300 

With  nickel-steel  bars,  and  the  rest  of  carbon  steel,  lbs.  per 

linear  foot 21 .800 

Thus,  the  nickel-steel  compression  members  in  the  trusses  made  a  differ- 

ce  in  weight  of  2,500  lbs.  per  linear  foot,  or  13  per  cent. 

The  average  live  load  on  the  two  decks  was  16,600  lbs.  per  linear  foot,  thus 

3  use  of  nickel-steel  compression  members  made  a  saving  of  7  per  cent  in  the 

tal  load  on  the  structure. 

The  average  unit  prices  for  the  two  classes  of  material  in  this  structure, 

jcted  in  place,  were: 

Nickel  steel,  per  pound ; .  .  . .   5 .  Q    cts. 

Carbon  steel,  per  pound 3. 95  cts. 

The  difference  in  cost  of  the  two  materials  was  1.65  cts.  per  pound  or  42  per 
at  of  the  price  of  the  carbon  steel;  but  the  elastic  limit  required  for  the 
3kel  steel  was  50  per  cent  higher  than  for  the  carbon  steel,  so  that  the  nickel 
jel  was  the  cheaper,  considering  the  strength. 

The  nickel  steel  had  3M  per  cent  of  nickel,  but  manufacturers  are  now, 
nMnercially  producing,  at  a  very  much  reduced  price,  an  alloy  steel  with  not 
3re  than  l}r£  i)er  cent  of  nickel,  together  with  small  percentages  of  chromium 
d  vanadium,  which  has  all  the  properties  of  this  steel,  so  that  there  is  at 
esent  a  readily  obtainable  material,  which  is  50  per  cent  stronger  than  the 
rbon  steel  in  general  use.  at  a  comparatively  small  increase  in  cost. 
The  hicrease  of  elastic  limit  to  50,000  or  60,000  lbs.  per  square  inch  will 
Ip  greatly  in  the  construction  of  spans  of  considerable  length;  but.  for  the 
ry  long  spans  now  being  planned,  a  still  stronger  material  is  needed,  and  it 
n  economically  be  used  at  a  very  considerable  increase  in  price. 
Formula  for  Erection  Cost  of  a  Bridge  Superstructure. — The  following 
rmula,  given  by  C.  E.  Fowler  is  taken  from  the  abstract  of  his  discussion  of 
r.  Waddell's  paper  (see  preceding  pages)  in  Engineering  and  Contracting, 
me  17.  1914. 

^  200 

C  '^  a  -^y/l  •}-  Hh  +  -—-  +  ap  -  H  Vw-  500 

a 

here  C  »  cost  of  erection,  in  cents  per  100  lbs.; 

o  =  a  constant  for  each  type  of  structure; 

=  15  cts.  for  railway  pin  trusses; 

=  25  cts.  for  railway  riveted  trusses; 

«  20  cts.  for  railway  girders; 

=  20  cts.  for  highway  pin  trusses; 

=  30  cts.  for  highway  riveted  trusses; 

=  15  cts.  for  highway  girders; 
I  »  span  length,  in  feet; 
h  -  height  of  falsework,  in  feet; 

d  »  daytime  temperature,  average,  in  degrees  Fahrenheit. 
p  -  number  of  coats  of  paint ; 
w  -  weight  in  lbs.  per  lln.  ft. 

Taking  the  case  of  a  riveted  railway  span  225  ft.  long,  height  of  falsework 
i  ft.,  average  temperature  40°.  2  coats  of  paint,  and  weighing  2.100  lbs.  per 
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linear  foot,  we  find  the  probable  erection  cost  to  be  83  cts.  per  100  Iba.,  or 
$16.60  per  ton. 

A  railway  pin  span  of  144  ft.,  height  of  falsework  36  ft.,  average  tempera- 
ture 50**,  2  coats  of  paint,  and  weighing  1.400  lbs.  per  linear  foot,  would  have 
an  erection  cost  of  62  cts.  per  100  lbs.,  or  $12.40  per.  ton. 

These  two  examples  show  what  an  influence  a  change  in  any  one  of  the 
factors  will  have  on  the  unit  erection  cost.  The  formula  was  deduced  to  fit 
certain  conditions,  which  to  a  large  extent  were  due  to  the  personal  equations 
of  the  designer  and  the  erector;  and,  with  plans  prepared  by  some  designers, 
the  cost  of  erection  would  exceed  very  greatly  the  values  f oimd  from  the  for- 
mula, it  being  only  too  common  on  the  part  of  many  designers  to  forget  that 
structures  must  be  erected  at  a  reasonable  cost,  and  still  others  seem  to  forget 
the  process  of  erection  entirely.  Many  erection  costs,  of  course,  will  exceed 
greatly  what  they  should,  due  to  unforeseen  causes.' 

Co&t  of  Concrete  Abutments  and  Pedestals  on  Track  Elevation  Work. — 
Charles  G.  Huestis  gives  the  following  data  in  Engineering  and  Contracting, 
Feb.  21.  1912. 

At  the  point  where  the  following  described  work  took  place  two  streets 
intersect  at  the  exact  place  crossed  by  four  tracks  of  the  railroad  proposed  to 
be  elevated.  On  one  of  these  streets  are  two  tracks  of  a  very  busy  street 
car  line  and  steam  tracks  on  both  streets.  On  account  of  heavy  traffic  the 
railroad  company  was  obliged  to  use  at  least  two  of  its  tracks  during  construc- 
tion and  at  least  one  of  the  trolley  tracks  had  to  be  kept  in  service.  Team 
traffic  also  had  to  be  maintained  on  at  least  one  side  of  the  street.  Overhead 
along  the  railroad  line  were  twenty  or  more  telegraph  and  telephone  wires  and 
along  the  streets  were  electric  light  wires  and  trolley  wires. 

The -masonry  consisted  of  a  heavy  concrete  abutment  on  each  side  of  the 
street  and  23  pedestals  in  the  street.  It  was  impossible  to  find  place  in  the 
street  for  machinery  so  that  all  the  working  room  allowed  was  the  space  of  two 
tracks  and  outside  the  outer  track  about  20  ft.  in  width  and  back  as  far  as 
required. 

The  railroad  company  abandoned  two  of  its  tracks,  and  the  stub  end  on  each 
side  of  the  street  was  allowed  the  contractor  for  construction  sidings.  A  stiff- 
leg  derrick  with  a  40-ft.  boom  was  set  up.  with  one  leg  parallel  to  the  face  of 
the  abutment  and  in  such  a  position  that  the  boom  would  reach  pedestals  in 
the  center  of  the  street.  One  track  of  the  street  railway  company  with  its 
trolley  wire  was  taken  out  of  service  and  by  working  a  low  boom  the  derrick 
was  able  to  avoid  other  wires  almost  entirely.  The  stiiT-leg  parallel  to  the 
abutment  necessarily  crossed  the  siding  track  but  was  high  enough  to  allow 
cars  to  move  under  it  so  that  excavated  material  from  the  pedestal  pits  might 
be  loaded  by  derrick  and  taken  away  by  the  railroad  company. 

A  H-cu.  yd.  Smith  mixer  was  set  up  near  the  end  of  the  siding  and  far 
enough  ahead  of  the  derrick  to  allow  the  boom  to  reach  the  mixer  when  very 
high.  When  the  siding  was  not  in  use  for  cars  to  remove  excavated  material 
the  cars  containing  materials  for  concrete  were  placed  alongside  and  back  of 
the  mixer  and  derrick.  Plank  staging  was  built  alongside  the  cars  and  to  the 
mixer,  so  that  wheelbarrows  might  be  loaded  over  the  sides  of  cars  and  wheeled 
to  the  mixer.  The  excavated  material  as  well  as  the  concrete  were  handled  in 
1-cu.  yd.  dump  buckets  by  the  derrick.  When  several  pedestals  had  been 
built  the  excavated  material  from  others  was  used  as  backfilling  for  the  ones 
completed. 

The  derrick  was  first  erected  near  the  face  of  the  abutment  and  when  the 
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destals  in  the  street  were  completed  it  was  necessary  to  move  the  entire 
r,  derrick  and  mixer,  backward  about  40  ft.  in  order  to  build  the  abutment, 
lis  was  accomplished  by  drawing  the  engine  on  rollers  by  its  own  poweri  and 
ding  the  derrick  on  plank,  still  erect,  using  the  engine  for  power. 
Exactly  the  same  method  was  followed  on  the  opposite  side  of  the  street, 
'o  derricks  and  two  mixers  being  used  on  the  entire  work. 
Excavation. — The  excavation  for  the  abutments  was  about  16  ft.  in  depth 
d  for  the  pedestals  from  16  to  22  ft.  The  material,  beside  the  street  paying 
d  sidewalk  on  top.  was  about  5  ft.  of  clay  and  the  remainder  gravel,  all 
rfectly  dry.  Excavaton.  as  covered  by  the  contract,  was  measured  only  to 
e  foundation  lines  of  the  concrete  footings  though  as  a  matter  of  fact  much 
3re  was  necessarily  excavated  in  deep  pits.  The  entire  payroll  for  excavat- 
?,  sheathing  and  bracing,  backfilling  to  original  ground  or  loading  on  cars 
iS  the  sum  of  $2,292.58  for  2,832  cu.  yds.,  engineer's  measurement.  .(This 
res  a  imit  cost  of  slightly  over  80  cts.  per  cubic  yard. — Editors.) 
Concrete. — The  concrete  materials  were  crushed  stone  and  gravel  taken 
)m  cars  direct  as  described  above.  Water  was  piped  to  the  mixers  from  a 
arby  hydrant,  and  cement  was  carried  from  box  cars  back  of  gravel  and 
)ne  cars.  The  cost  of  unloading  materials  as  described  and  wheeling  them 
the  mixer,  together  with  mixing  and  placing  them  and  the  flnisjiing  of  the 
3e  after  the  for^is  were  removed,  was  as  follows  for  a  total  of  1.598  cu.  yds. : 

46K  hrs.  foreman  at  40  ots $  18.60 

20      hn.  foreman  at  37  cts 7.40 

52      hrs.  foreman  at  38H  cts 20.02 

138      hrs.  foreman  at  32^  cts 44. 85 

144      hrs.  hoist  runner  at  30  cts 43. 20 

3      hrs.  carpenter  at  27H  cts .73 

54H  hrs.  straw  boss  at  25  cts 13. 63 

2, 186H  hrs.  labor  at  20  cts 437. 30 

781      hrs.  !aboi«at  171^  cts 136.67 

51      hrs.  labor  at  15  cts 7.65 

Total $730.05 

(This  total  gives  a  cost  per  cubic  yard  of  concrete  of  45.7  cts..  say  46  cts. — 
litors.) 

Forms. — The  concrete  forms  were  extremely  easy  to  build  and  set.  There 
ire  no  sloping  wings  and  nothing  but  straight  work  except  that  one  end  of 
ch  abutment  was  turned  at  an  angle  of  about  30**.  The  other  ends  of  the 
utments  were  left  for  future  extension.  There  were  three  expansion  Joints 
one  abutment  and  two  in  the  other,  where  a  full  stop  in  each  case  was  made 
d  key  ways  put  in  for  bonding.  It  took  30.500  ft.  B.  M.  of  lumber  to  form 
3  neat  work  of  abutments  and  the  formed  part  of  i>edestals,  if  all  had  been 
•med  at  once.  Two-inch  yellow  pine  boards  were  used  and  4  X  6-in.  yellow 
le  for  uprights.  The  total  payroll  for  building  forms,  oiling  with  paraffine 
,  removing  forms  and  cleaning  limiber  was  as  follows: 

23H  hrs.  foreman  at  40  cts $    9. 40 

58)4  hra*  foreman  at  38H  cts 22. 52 

7      hrs.  foreman  at  37  cts 2 .  59 

18      hrs.  foreman  at  32H  cts 5. 85 

56      hrs.  hoist  engineer  at  30  cts 16.80 

451M  hrs.  carpenters  at  27H  cts 124. 16 

479>|  hrs.  carpenters  at  25  cts 119 .  88 

69H  hrs.  carpenters  at  22H  cts 15. 63 

463H  hrs.  labor  at  20  cts 92. 70 

25H  hrs.  labor  at  17H  cts 4. 46 

4      hrs.  labor  at  17H  cts .60 

Total $  414. 59 
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(On  a  basis  of  1,598  cu.  yds.  of  concrete  the  cost  of  forms  per  cubic  yard  was 
26.9  cts.  or  say  26  cts.  As  a  matter  of  fact  not  all  of  the  concrete  work 
required  built  forming,  so  that  this  unit  cost  is  indicative  only  — ^Editors.) 

Riggino. — ^The  total  payroll  for  setting  up  and  taking  down,  together  with 
moving  eadi  plant  once  as  described  above,  also  the  building  and  moving  of 
stagings  alongside  of  cars,  for  two  derricks  and  two  mixers,  was  as  follows: 

40  hre.  foreman  at  38H  cts $  15. 40 

31      hrs.  foreman  at  40  cts 12. 40 

119      hrs.  rigger  at  32H  cts 38. 68 

57      hn.  hoist  engineer  at  30  cts 17 .  10 

45H  hrs.  carpenter  at  27H  cts 12. 43 

157H  hrs.  carpenter  at  25  cts 39. 38 

41  hrs.  carpenter  at  22H  cts 9 .  23 

3      hrs.  carpenter  at  23  cts .69 

479H  hrs.  labor  at  20  cts 95. 90 

.    149H  hrs.  labor  at  17K  cts 26. 16 

30H  hrs.  labor  at  15  cts 4. 57 

Total $271 .94 

The  payroll  for  setting  up  one  derrick  only,  unloading  and  setting  one  mixer, 
together  with  building  platform  and  stagings  once  only,  was  as  follows: 

8  hrs.  foreman  at  40  cts $  3. 20 

10  hrs.  foreman  at  38H  cts 3. 85 

30  hrs.  rigiser  at  32H  cts 9.75 

20  hrs.  hoist  engineer  at  30  cts 6 .  00 

100  hrs.  carpenter  at  25  cts 25. 00 

3  hrs.  carpenter  at  23  cts .69 

30  hrs.  carpenter  at  22H  cts 6. 75 

29  hrs.  labor  at  20  cts 5. 80 

35  hrs.  labor  at  17H  cts 6. 12 

Total $67. 16 

The  other  items  of  payroll  not  mentioned  in  the  above  were  as  follows: 

Building  and  repairing  tool  house $  28 .  71 

Loading  and  unloading  tools  and  lumber 133 .  87 

Night  watch,  Sunday  watch  and  other  general  expense. .  158. 97 

Repairs  to  macliinery 12 .  66 

Total $334.21 

Total  payroll  for  the  work  $4,043.36. 

The  ledger  accounts  for  this  work  show  other  expenses  as  follows: 

Premium  on  bond $      20. 00 

liabiHty  insurance 98. 72 

General  and  sundry  expenses 48 .  65 

Office  and  timekeeper 275 .  00 

Materials  for  repairs 11. 29 

Small  tools 34.49 

Lumber  for  foundations 274 .  04 

Form  lumber 267. 70 

Wire  and  nails  for  forms 40. 20 

Paraffine  oil  for  forms 3. 70 

Oil  waste,  etc 37. 70 

47.04  tons  of  coal 141.13 

Water,  lump  sum 75. 00 

Paid  railroad  company  for  unloading  cars  of  excavated 

material 76.80 

Total  ledger  accounts $1 .404.42 

The  coal  consumption  amounted  to  about  H  ton  per  day  per  boiler.    Only 
20  h.p.  upright  boilers  were  used. 
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VUddct  d  the  Port  Dodia,  D«b 
•Ibsi  &  Seoasfii  <Blectrk)  RT.~In 
gfoeeiing    and    CoatractJDg,    March 

1913.  C.  J.  BtdRleder  deaoibea  the 
thods  of  conatrucling  [he  pWrs  and 
itments  tor  the  steel  deck  plate  glidec 
duct,  TS4  ft.  kiDg  and  1B6  high, 
Ich  replaced  a  wooden  trestle.  The 
owing  data  are  taken  from  Mr. 
igleder'B  article. 
'ig,  II  shows  the  general  artangemeat 

Ipeciflcatlona  called  tor  a  concrete 
fture  ot  1:3:6.  except  for  the  coping 
rse.  The  coping  course  was  cen- 
tred the  top  foot  ol  the  pedeeti 
I  was  made  at  l:i-A  concrete.  Tb 
oe  used  with  the  1:2:6  measure  ws 
-n  1  to  2  Ins.  In  the  largest  dlmeii 
le,  aad  tor  the  1 :3:4  mixture  not  mot 


a.  10.— ^Section  of  concrete  abutment. 
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than  1  in.  in  the  largest  dimensions.  All  stone  was  screened,  no  crusher  run 
being  used,  and  was  a  good  grade  of  limestone  rock.  The  sand  used  was 
taken  from  the  Des  Moines  River,  about  five  miles  above  the  site  of  the 
bridge.  Hawkeye  brand  cement  was  used,  and  water  was  secured  from  a 
creek  in  the  ravine.  A  7-h.p.  gasoline  pump  was  used  to  foree  the  water  up 
the  hill  into  storage  barrels  at  the  mixer. 

The  mixing  was  done  with  a  Ransom  mixer,  driven  by  a  d-h.p.  Stover 
engine,  the  engine  and  mixer  both  being  mounted  on  the  same  frame.  Owing 
to  the  steep  slope  of  the  hill,  it  was  impracticable  to  move  the  mixer  down 
the  slope,  or  to  wheel  the  concrete  to  place.  The  most  efiScient  way  was  to 
spout  it  and  this  was  the  method  used  One-half  of  the  piers  were  poured 
from  the  north  end  of  the  bridge  and  the  other  half  from  the  south.  The  mixer 
was  mounted  on  blocks  and  a  platform  built  up  around  it  so  that  the  hopper 
was  above  the  platform,  just  about  the  height  of  a  vi^eelbarrow  The, chute 
used  to  convey  the  concrete  was  made  of  No.  23  sheet  steel,  circular  in  form, 

10  ins  in  diameter,  and  in  lengths  of  10  and  13  ft.  The  pipe  was  attached  to 
a  small  wooden  chute  at  the  end  of  the  hopper»  and  from  here  run  to  any 
desired  point.  It  was  supported  at  Joints  by  wooden  cross-frames,  or  by 
brackets  tacked  tc  the  batter  posts  on  the  existing  bridge.  At  the  end  of 
the  pipe,  a  curved  connection  was  used  to  turn  tlie  concrete  down  into  the 
forms. 

This  type  of  spouting  proved  very  satisfactory  where  the  distance  was  not 
greater  than  260  ft.,  nor  the  grade  less  than  24^  with  the  horizontal  (about  1  ft. 
vertical  to  2.3  ft.  horizontal).  When  on  a  less  grade  than  this,  the  concrete 
clogged  in  the  pipe  and  caused  considerable  trouble.  A  better  type  of  chute 
would  be  one  open  at  the  top  so  as  to  give  access  to  the  concrete.    Fig. 

11  shows  the  location  of  the  concrete  mixer  and  how  the  piping  was  carried  to 
the  piers. 

The  concrete  gang  was  composed  of  12  men  and  a  foreman;  2  were  used  in 
spading  the  concrete  as  it  was  placed,  1  on  water  and  dumping  cement,  1 
taking  care  of  the  mixer,  6  on  sand  and  rock,  and  2  carpenters.  As  far  as 
possible,  the  concreting  on  a  footing  or  pedestal  was  continuous,  and  only  in 
one  or  two  cases  were  joints  made  in  either.  From  four  to  six  footings  were 
run  'af  a  time.  As  soon  as  the  first  two  of  these  footings  had  set,  tlie  forms  for 
the  pedestal  were  placed  and  securely  braced.  After  being  braced,  the 
template  for  the  anchor  bolts  was  centered  and  tacked  to  the  top  of  the  pier 
form.  The  anchor  bolts  were  then  placed  in  the  template,  plumbed  and  wired 
to  the  form. 

The  total  amount  of  concrete  in  the  foundation  was  032  cu.  yds.  The  time 
required  to  place  this  amount  was  40  days.  The  unitxx>sts  of  concrete  and  of 
excavation  were  as  follows: 


Excavation 

Per 

ou.  yd. 

In  cut,  steam  shovels 10.22 

In  cut,  teams 0 .  36 

For  foundations 0. 48 
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Concrete 

Per  Per  cent 

cu.  yd. 

Cement $1 .  16  21 . 3 

Rook 0.93  17.1 

Sand   0.80  14.7 

Water  0.014  0.3 

Lumber 0.40  7.3 

Pipe  for  spouting 0 .  26  4  6 

Train  service 0. 19  3.5 

Labor* 1.66  30.3 

Incidentals 0.06  0.9 

Total $5.44  100.0 

The  average  daily  output  was  23.3  cu.  yds.;  with  the  gang  as  given  above,  the 
»  of  pay  would  be  about  as  follows: 

1  Foreman $  6.00 

2  Carpenters  @  $4.00 8.00 

1  Engineman 3 .  00 

9  Laborers  ®  $2.60 22. 50 

$38.60 

'he  excavation  was  done  by  the  railroad  company ;  the  foundation  work  by 
tract. 

lost  of  Coflferdam  for  a  Small  Bridge  Pier  in  the  Potomac  River. — ^The 
owing  data  are  taken  from  a  more  detailed  description  of  the  work  by 
ott  Vandevater  in  Engineering  and  Contracting,  May  24,  1916. 
he  work  was  begun  in  October,  1910.  and  was  finished  about  the  last  of 
»mber  of  the  same  year.  It  consisted  of  building  a  new  pier  in  the  center 
he  Potomac  River  about  ten  miles  above  Cumberland,  and  of  reinforcing 
old  stone  abutments,  so  that  the  old  truss  bridge  could  be  replaced  with 
^  girders  of  one-half  the  span.  The  river  at  this  point  is  about  80  ft.  wide 
imes  of  ordinary  flow  but  it  rises  very  n^^idly  and  at  flood  times  covers 
•e  than  twice  this  width.  At  the  point  selected  for  the  pier  the  river  is 
ut  8  ft.  deep  normally  and  the  current  is  very  swift  as  the  rocks  on  the  east 
k  throw  the  current  to  the  center  of  the  stream.  The  foundation  was 
<  14  ft.  and  a  step  of  about  18  in.  was  made  on  all  sides  before  the  neat 
k  was  started.  The  batter  on  three  sides  of  the  pier  was  the  same  and  was 
ut  IH  in.  to  1  ft.  Of  course  that  on  the  nose  or  cut-water  was  much 
kter.  A  heavy  coping  about  IH  ft.  deep,  and  with  6-in.  overhang  all 
md,  capped  the  pier.  The  pier  was  20  ft.  high  from  top  of  foundatioa  to 
of  coping- 

Etborers  were  paid  $1.76  for  ten  hours,  foremen  $100  per  month,  carpenters 
ts.  per  hour  and  firemen  26  cts.  per  hour. 

Costs* 
Breakwater — 

Building,  placing  and  sinking — Labor $  43. 19 

Material 22.00 

Total $  66. 19 

Cofftttlam — 

Labor $516. 76 

Labor,  digging  and  hauling  56  yd.  clay  for  puddle 20. 01 

Lumber,  8?34  M.  B.  M.  at  $20 166.80 

(Only  labor  charge  for  lumber  out  in  woods.) 

Total $703.57 

Do  not  include  cost  of  pumping,  for  which  an  8-in.  and  a  4-in.   centrifugal 
p  were  used. 
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Trestle  for  Unloading  Materials — 

Labor $  45.83 

Lumber.  .6  M.  B.  M 10. 00 

Total $  55.83 

Concrete  Trestle — 

Labor. $  75. 62 

Material,  2  M.  B.  M.  at  $20 40.00 

Total $115.62 

Excavating  Cofferdam — 

Labor $196.97 

Coal,  oil,  etc 15.00 

Total $211.97 

Two  Mixing' Boards,  10  X  14  Ft.— 

Labor $     7.71 

Material 12.00 

Total $  19.71 

Unloading  stone  cost  12  cts.  per  ton. 
Unloading  sand  cost  3  cts.  per  ton. 

Unloading  15,000  bd.  ft.  lumber  cost  65  cts.  per  1,000  ft.  B.  M. 
Unloading  cement  (carried  about  50  ft.)  cost  2.5  cts.  per  bbl. 
Mixing,  hauUng  and  placing  concrete  cost  $1.06  per  cu.  yd. 
Forms,  including  material,  building,  erecting  and  stripping,    cost  $1.74 
per  cu,  yd. 

The  breakwater  consisted  of  a  V-shaped  crib  which  was  sunk  about  10  ft. 
above  the  nose  of  the  location  of  the  foundation  and  was  so  placed  to  make  it 
possible  to  examine  the  bottom  of  the  river  at  the  pier  site. 

The  cofferdam  consisted  of  a  crib  3  ft.  wide  and  with  dimensions  about  2  ft. 
larger  than  those  of  the  foundations.  The  crib  was  built  out  of  6  X  6-in. 
timber  with  cross  pieces  of  the  same  size  about  4  ft.  apart.  On  top  of  the 
bottom  course  of  6  X  d-in.  timbers  a  2-in.  flooring  was  laid  to  hold  the  stone 
used  in  sinking  the  crib.  Sheet  piles  of  2-in.  lumber  were  driven  on  the  outside 
and  inside  of  the  crib  and  the  bottoms  were  cut  to  conform  as  closely  as 
possible  to  the  rock  imderlying  the  river  bed.  It  was  found  necessary  to 
drive  an  additional  row  of  dheet  piles  4  ft.  outside  of  the  crib  and  fill  the 
space  between  the  crib  and  this  outer  row  of  piles  with  clay. 

The  railroad  approached  the  bridge  ftom  the  east  on  a  15-ft.  fill  about  100  ft. 
long.  A  switch  for  unloading  materials  had  been  put  in  at  the  ^id  of  the  fill. 
A  one-legged  trestle  was  built  on  the  side  of  the  fill  and  the  track  from  the 
siding  extended  out  on  it,  so  that  cars  could  be  run  out  there  and  dumped  by 
gravity.  The  bents  were  7  ft.  apart,  the  caps  10  X  10  in.  and  the  stringers 
were  two  pieces  of  6  X  6  in.  laid  symmetrically  with  respect  to  the  rail. 
The  legs  and  battered  braces  were  cut  in  the  adjoining  woods  and  were  at  least 
8  in.  in  diameter  and  not  over  7  ft.  long.  The  cement  was  unloaded  on  a 
level  with  the  switch  and  stored  in  a  tent.  Fr(mi  here  it  was  dropped  through 
a  chute  directly  onto  the  mixing  board.  Two  mixing  boards  were  placed 
together.  Five  men  were  kept  mixing,  four  turning  and  one  attending  to 
cement  and  water.  After  mixing  a  batch  on  one  board  they  changed  to  the 
other  while  four  men  loaded  the  mixed  batch  into  a  car  and  hauled  It  out  to  the 
foundation  and  dumped  it.  One  man  was  kept  busy  loading  wheelbarrows 
with  stone  and  sand.  As  the  distance  was  very  short  the  mixing  gang  wheeled 
the  material  onto  the  board,  dumped  it  and  returned  the  wheelbarrows  to 
place.  This  was  found  to  work  very  satisfactorily,  as  the  mixing  gang  mixed 
the  concrete  a  little  faster  than  it  could  be  hauled  away.    When  they  had 
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h  boards  full  the  mixing  gang  was  put  to  work  getting  out  cement  until  the 
Lling  gang  had  caught  up  with  them. 

^he  concrete  was  deposited  in  the  forms,  built  inside  of  the  crib*  from  a 
it  track  supported  by  a  trestle  hanging  from  the  bottom  chords  of  the 
iting  bridge. 

Srectioa  Costs  for  a  Dooble^track  Railway  Bridge. — In  Engineering 
wa,  Feb.  20,  1913,  M.  A.  O.  Stilsoai  gives  tfau9  section  costs  of  a  bridge 
sisting  of  three  double-trad(  through  spans»  eaidi.l^ft.  6  in.  long  c  to  c. 
3  trusses  are  of  lattice  type.  The  piers  are  square  to  the  track  and  trusses. 
There  were  in  place  two  old  spans  (sin^&^traek),  whidi  were  taiki^  out  as  the 
rk  progressed.  For  cutting  apart  they  were  blocked  up  on  the  falsework 
i  in  for  the  new  spans.  The  grade  of  the  new  track  was  that  of  the  old,  tha 
r  h^ht  above  hie^-water  allowing  for  the  extra  depth  of  the  new  floor- 
Lms.  The  use  of  a  derrick  car  enabled  this  work  to  go  forward  w^e  the 
t  new  span  was  erected. 

^  overhead  traveler  (see  Fig.  12)  was  used  for  thet  erection.  It  was  assemr 
d  and  raised  from  the  old  truss.  The  raising  of  a  traveler  heeem^B^  ^  simple, 
i  rapid  task  when  old  spans  axe  in  place  to  ^isct  from,  aathe  assembling 
I  be  in  a  position  not  far  from  the  vertical*  letting  the  upper  frame  of  the 
veler  rest  on  the  top  chord  of  the  cM  spans  and  finally  pulling  the  small 
tance  to  a  perpendicular  with  tackle  just  prior  to  joining  the  bents  of  •  the 
veler.  The  traveler  could  t^o  be  raised  from  the  flat  floor  of  the  falsework^ 
means  of  a  jack-frame  erected  at  the  foot  of  the  traveler  legs.  This  takes 
uiy  twice  the  time  of  the  other  method,  and  costs  (a  gang  of  12  men  can 
ire  a  traveler  framed  and  leady  for  use  in  three  days  with  the  h^p  of  a 
sting  engine)  about  $300. 

rhe  piers  of  the  new  three-span  bridge  were  so  located  that  the  masoncy. 
lid  be  all  completed,  with  the  exception  of  a  few  bridg&-9eat  stones  to  carry 
ck  stringers,  before  the  arrival  of  the  bridge  steel,  thus  allowing  the  new 
yea  to  be  placed  at  oaoe.  A  temporary  trestle  at  the  upstream,  side  of  the 
in  Mne  cared  for  the  train  movement,  allowing  the  evection  to  proceed 
disturbed  by  the  trafiSc.    Therefore,  the  falsework  had  to  be  proportion^ 

the  trusses  alone. 

The  height  of  the  piers  above  mean  low  water  was  about  27  ft.  The  river 
ttom  was  a  well  washed  gravel,  into  which  a  pile  could  be  drive^i  tfj  a  pene- 
ktion  of  6  ft.  only  with  difficulty.  , 

The  sequence  of  operations  in  the  erection  of  the  bridge  #as  as  follows: 

Ship  equipment  and  materials  to  bridge  site;  (2)  unload;  (3)  place  bolster 
d  compressor  and  house  them;  (4)  put  in  falsework;  (5)  erect  trarelerand 
eck  old  spans;  (6)  place  and  block  floor-system  and  bottom  chord,  cam- 
red;  (7)  erect  web-members;  (8)  place  end  posts;  (9)  place  top  chord;  (10) 
ice  bottom  and  top  laterals,  with  portals  and  other  small  members,  or 
ease  traveler  to  second  span;  (11)  rivet  up;  (12)  strike  fidse^^ork  and 
kveler;  (13)  load  material  and  equipment. 

Cost  of  Shipment. — The  cost  of  shipment  of  equipment  and  material  to  the 
idge  site  is  an  item  varjring  in  each  case,  and  also  depending  on  the  terms  of 
3  contract  with  the  company  owning  the  bridge.  If  a  railway  cconpany ,  the 
titract  may  include  transportation  and  work-train  service  during  eorection, 
ough  these  items  are  properly  a  part  of  the  co8t>  no  matter  by  whom  paid. 
is  not  unusual,  however,  for  a  charge  of  $25  per  day  to  be  incurred  for  a 
jomotive,  flat-cars  and  crew,  especially  where  the  bridge  members  have  had 

be  imloaded  at  a  distance.    The  economy  effected  through -tine  use  of  a 
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derridc  car  capable  ot  propelling  Itself  and  loaded  flat-cars  thus  becomes 
apparent. 

Coat  of  Unloading. — The  unloading  of  the  material  and  bridge  members  at 
the  site  or  some  adjacent  point,  while  variable,  will  generaUy  be  covered  by 
the  expense  of  a  derrick  and  bolster,  its  erection  and  a  possible  shift,  if  the 
ground  available  makes  this  necessary.  In  the  present  case  the  material  for 
the  three  spans  was  unloaded  in  about  three  weeks,  including  delays,  by  a 
gang  of  eight  men,  <me  engineer  and  one  foreman,  about  $200  per  week  for 
labor  cost. 

Hoi8t. — I^acing  the  holster,  compressor  and  their  boilers  is  comparatively 
a  small  item  unless  considerable  falsework  be  necessary  for  support.  In  this 
case  three  bents  of  six  piles  each,  capi>ed  and  braced,  with  plank  floor,  were 
placed,  and  the  power  set,  by  12  men  and  one  foreman  in  four  days,  costing 
$200. 

Falaetoork. — The  erection  of  the  falsework,  consisting  of  pile  bents,  capped 
and  braced,  floored  with  timbers  parallel  with  the  bridge  and  some  phmk,  can 
go  forward  during  the  same  period.  The  equipment  of  scow,  pile  hammer  and 
holster  engine  was  able  to  drive  15  bents  of  10  piles  each  (150  piles)  in  four 
days.  The  piles  were  delivered  into  the  water  above;  they  were  of  25  to 
27  ft.  lengths,  and  were  driven  to  a  penetration  of  .5  ft.  This  gang  consisted 
of  one  foreman,  one  engineer  and  four  men,  a  labor  cost  of  about  $23  per  day, 
according  to  rate  of  wages  paid.  The  cost  was,  therefore,  $92,  or  practically 
62cts.  per  pile  in  place.  The  piles  cost  10c.  per  lin.  ft.  delivered  above  the 
work,  or  $2.50  to  $2.70  apiece,  making  $482  the  total  cost  of  piles  In  place. 
(This  figuring  assumes  that  the  equipment  can  leave  the  work  in  good  condi- 
tion, so  as  to  be  available  at  full  value  for  other  work.)  Cutting  off  the  piles, 
capping,  boring  and  bracing,  was  completed  in  eight  days  by  a  gang  consisting 
of  one  foreman  and  eight  carpenters,  at  a  cost  for  labor  of  $23.50  per  day,  or 
$188  total.  This  includes  placing  the  timbers  to  carry  the  trusses,  drifting 
them  in  place,  and  lajring  floor-plank  and  traveler  track. 

The  labor  cost  of  one  span  of  falsework  in  place  is  thus  $280.  •  The  cost  of 
piling  is  $300,  and  of  timber  as  follows: 

30  caps  12  X  12  in.  X  26  ft 9,000  ft.  B,  M. 

12  saddles  12  X  12  in.  X  8  ft 1,152 

60  stringers  12  X  12  in.  X  25  ft 15,000 

120  braces  3  X  12  in.  X  30  ft 10,800 

80  blocks  8  X8in.  X  8  f t 3,411 

240  plank  2  X  12  in,  X  12  ft 5,760 

Oost' 

40  M  at  $30 $1200 

6  M  at    25 150 

$1350 

Total  Cost  of  Falsework: 

Lumber $1350 

PUes 390 

Labor .a 280 

$2020 

This  gives  $2020  cost  of  falsework  of  one  span  in  place  ready  for  setting 
steel.  In  the  three-span  bridge  in  question,  the  riveting  of  Span  No.  1  was 
completed  early  enough  tp  release  the  falsework  for  use  under  Span  No.  3, 
ejcoept  for  piling. 

Traveler. — ^The  traveler,  as  shown  in  Fig.  12  consisted  of  two  bents  suitably 
braced,  supporting  four  timbers  12  X  16  in.  by  30  ft.,  two  over  each  truss,  to 
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rry  the  blodcs  of  the  main  falls  and  smaller  tackles.  The  erection  of  the 
iveler  has  been  stated  to  cost  about  $160.  It  followed  the  placing  of  the 
sework,  using  the  old  spans  to  erect  from.  The  oost  of  the  traveler  itself 
is  as  follows: 

1  foreman,-  $4 4 

6  carpenters,  S3 $       18 

4  days  at $22  $  88 

4  legs  12  X  12  in.  X  48  ft 2,304  ft.  B.  M. 

4  batters  12  X  12  in.  X  40  ft 1,920 

2  bott.  chords  12  X  12  in.  X  36  ft 862 

4  top  chords  12  X  12  ui.  X  30  ft 1 ,440 

4  top  timbers  12  X  16  in.  X  30  ft 1 .920 

16  braces  8  X  12  in.  X  20  ft .- 960 

24  braces  3  X  12  in.  X  12  ft 864 

4  diagonals  3  X  12  in.  X  36  ft 432 

4  sills  8  X  16  in.  X  30  ft 1 ,280 

12  doz.  l-in.  bolts,  etc.,  at  60  lb .05,  $36 

4  flanged  wheels,  at  100  lb .03,    12 

4  sets  axles,  bearings,  etc.,  at  40  lb *    .03,      6 

Cost  of  traveler: 

Lumber,  10  M  at  $35 $350 

Lumber,  3  M.  at  $25 75 

Hardware ■    64 

Labor 88 


$507 


y' 


/./2!t/?*- 


ife:-^^^' 


T^   n    i#/2'/>/vfe54ji 


FiQ,  12. — Sketch  of  bent  of  wooden  traveler. 


](i«in* 


Remoting  Old  Spans. — The  wrecking  of  the  two  old  spans  occupied  one 
eman  with  12  men  two  weeks,  the  pieces  of  the  members  being  taken  away 
the  derrick  ear. 
72 
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EtecHng  New  Trusses. — ^The  floor-system  <rf  one  span,  including  bottom 
chords,  was  put  in  place,  blocked  up,  and  bolted,  by  a  gang  consisting  of.  two 
foremen,  18  men  and  aae  engineer  in  five  days,  assisted  by  a  derrick  car  with 
one  engineer,  one  foreman  and  eight  men,  who  brought  the  bridge  members 
from  the  storage  yard  in  proper  order. 

The  truss  members  and  hanger  posts  were  placed  in  two  days,  and  the 
shoes,  end  posts,  and  top  chords  in  two  days,  the  pins  being  driven  and  the 
comiections  fitted  up.  The  portals  and  lateral  bracing,  top  and  bottom,  were 
placed  in  two  dajrs,  fitted  up  ready  for  riveting. 

The  riveting  was  by  pneumatic  hammers  acting  under  a  pressure  of  90  to 
100  lb.  from  a  Franklin  air  compressor.  A  gang  consisted  of  four  men,  eight 
gangs  being  openited  during  the  major  portion  of  the  work,  with  one  foreman 
and  one  supply  man.  The  riveting  of  the  three  spans  was  completed  in  39 
days,  or  an  average  of  13  days  to  a  span.  A  total  of  60,000  rivets  were  driven 
in  the  three  spans,  with  an  average  of  less  than  3  per  cent  cut  out  and  redriven. 

Striking  and  Loading. — The  striking  of  the  falsework  followed  the  riveting 
of  its  span.  Ttte  material  was  then  loaded  for  shipment.  The  equipment, 
including  traveler,  pile-driver,  and  scows  with  hoister,  was  then  loaded,  freeing 
the  hoisting  engine,  air  compressor  with  tank,  pipe  and  boiler. 

Appended  hereto  are  tabulated  the  labor  and  lumber  items,  showing  at  a 
glance  the  approximate  cost  per  span  and  per  ton.  In  a  bridge  of  three  or 
more  spans  the  progress  of  one  span's  erection  so  laps  that  of  the  succeeding 
one,  under  good  management,  that  the  inference  that  the  erection  cost  of  a 
single-span  bridge  is  33  per  cent  would  lead  to  some  error,  as  several  of  the 
general  chaiges  would  |)e  unchanged  for  one-third  the  number  of  spans. 

Erection  dosr  or  Three-span  Double-track  Railway  Bridge 

First  cost  of  equipment: 

Air  cbxupressor. $      800 

Tank  and  pipe 200 

,3-dnim  hoister 1 ,  900 

8  coils  rope 400 

Blocks,  etc 550 

Pile  driver,  scows  and  conductor 500 

Hammer,  falls,  etc 150 

5Wrum  hoister 1 ,000 

Derrick  car  (est.) 4 ,  000 

Traveler 600 

•Total $10, 100 

i  year  interest,  6  % $      202 

i  year  depreciation,  10  % 343  $545 

i  for  one  span. $182 

Labor  cost  of  erecting  span  No.  3: 

Superintendent  30  days  at  S8 $      240 

Foreman  38  days  at  $4 152 

Men  832  days  at  $3 2,904 

Engineer  43  days  at  $3 150 

$3,446 

Unit  cost  (weight  of  span  587  tons) ...  $  5. 50  per  ton 

Total  erection  cost  of  span  No.  3: 

Labor  erecting $  3 ,  446 

1  cost  of  erecting  hoist 70 

t  cost  of  erecting  traveler 50 

I  cost  unloading  material,  etc 200 

I  interest  and  depreciation. . , 182 

Total  erection  cost  for  587  tons $  3,948 

6.72  par  t<m 
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The  assumption  has  been  made  that  an  equipment  such  as  has  been  de- 
ribed  was  in  the  hands  of  the  erection  company.  But  since  it  would  be 
-oper  to  add  a  charge  not  only  for  depreciaticm,  but  for  interest  on  the 
vested  funds,  a  value  on  which  to  base  such  is  also  given,  the  items  of  which 
e  mostly  estimated,  although  some  are  actual  costs. 

Costs  of  the  Richelieu  River  Bridge,  Lacolle  Junction,  Quebec. — The 
ethods  and  costs  of  renewal,  under  traffic,  of  the  RicheUeu  River  Bridge  at 
icoUe  Junction,  Quebec,  by  the  Grand  Trunk  Railway  are  given  in  Engi- 
tering  and  Contracting,  Dec.  9  and  23,  1914.  This  bridge,  which  spans  the 
ichelieu  River,  the  northern  outlet  of  Lake  duunplain,  originally  consisted 
a  180-ft.  swing  span  (providing  two  dear  channelis  of  73  ft.  each)  and  pile 
istle  approaches,  the  east  approach  having  a  length  of  350  ft.  and  the  west 
e  a  length  of  500  ft.  The  center  pier  and  the  rest  piers  of  the  old  swing 
an  consisted  of  timber  cribs  filled  with  rubble  stone  surrounding  the  sup- 
rting  piles,  the  latter  being  capped  with  timber  grillage  which  in  turn  sup- 
rted  concrete  tops.  The  superstructure  for  the  new  bridge  consists  of  one 
0-ft.  swing  span  and  twelve  60-ft.  plate  girder  spans.  The  substructure 
nsists  of  thirteen  piers,  including  the  pivot  pier,  and  two  abutpients.  In 
dition  to  the  construction  of  these  piers  and  abutments  the  renewal  of  the 
idge  required  the  reconstruction  of  the  old  protection  crib-work,  the 
nstruction  of  wing  protection  cribs  and  booms,  and  the  removal  of  the 
1  protection  works,  rest  piers  and  trestle.  The  work  was  completed  in 
13. 

It  was  necessary  to  construct  ice  breakers  at  short  distances  upstream,  and 
provide  crib  protection  works  for  the  rest  and  pivot  piers. 
Substructure. — ^The  new  pivot  pier  was  built  around  the  old  pier  and  a  new 
ncrete  top  constructed,  the  superstructure  being  supported  during  construc- 
>n  on  steel  grillage  beams.  These  beams  had  for  their  support  the  new 
ncrete  shell  which  surroimded  the  old  pivot  pier.  The  open  caissons  used 
constructing  the  pivot  pier  and  seven  of  the  twelve  remaining  piers,  includ- 
%  the  two  rest  piers,  had  double  walls  consisting  of  10  X  10-in.  timbers,  the 
o  parts  of  each  wall  being  separated  by  12-in.  vertical  timbers  resting  on  a 
avy  shoe.  These  caissons  were  simk  by  filling  the  12-in.  space  in  each 
ill  with  concrete  and  by  adding  other  loads.  The  caissons  used  for  the 
tier  five  pien  were  also  of  the  ojien  type,  but  they  had  single  walls  consisting 
10  X  10-in.  timbers.  These  caissons  were  sunk  by  loading  them  with 
ils.  The  two  abutments  required  timber  cofferdams. 
The  old  pivot  pier  consisted  of  a  timber  crib  26  ft.  square  and  33  ft.  high, 
ed  with  rubble  stone,  which  surroimded  the  108  piles.  These  piles  were 
pped  with  a  timber  grillage,  which  was  3  ft.  below  low  water  and  which 
pported  a  concrete  top  8  ft.  high  and  20  ft.  in  diameter.  A  timber  wall 
rrounded  the  concrete  top,  and  the  space  between  it  and  the  crib  was  also 
ed  with  rubble  stone.  As  this  pier  was  considered  too  unstable  for  the 
ids  which  would  be  thrown  upon  it  by  the  new  bridge,  it  was  reinforced  in 
3  following  manner: 

A  double-wall  caisson,  38  ft.  square,  outside  dimensions,  built  up  of  10  X 
-in.  horizontal  timbers  and  12  X  12-in.  vertical  timbers  between  the  walls 
intervals,  was  sunk  around  the  old  pier,  leaving  a  3-ft.  space  between  it 
d  tha  old  crib.  After  this  space  was  filled  up  to  approximately  6  ft.  below 
V  water  with  plain  concrete,  reinforced  concrete  walls  were  carried  up  to  the 
luired  level  to  receive  the  eleven  26-in.,  166-lb.  I-beams,  on  which  the 
ing  span  was  erected  and  operated  during  the  completion  of  the  piers. 
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Fig.  13  giveg  &  half  section  showliig  tbe  calsaoii  and  the  old  pivot  pier  betcse 
alteiatlon,  ajid  a  halt  section  of  the  complete  pivot  pier. 

It  wBs  originally  Intended  to  remove  tbe  rubble  atone  BUlng  from  tbe  old 
ctlb  one  pocket  at  a  time,  but  this  was  found  Id  be  Impracticable  owing  to  the 
existence  of  fissures  in  the  alate-rock  foundaliou,  wtiich  made  unwateiing 
Impoeeible.  The  stone  was,  however,  taken  out  to  a  level  z  ft,  below  the 
old  timber  grillage.  Tbe  oU  pilea,  the  timber  giillage  and  tbe  concrete  top 
were  left  In  place,  except  tbe  upper  18  Ins.  of  the  latter,  which  were  removed 
by  blasting.  Instead  of  unwaterlng  the  pier,  water  was  pumped  Into  It 
until  a  3-ft.  head  was  produced,  this  head  being  utilized  In  fordJtgal-^grout 
into  the  voids  of  the  nibble  stone.    After  the  voids  w«ce  filled  tbe  water  wat 


Half  SactlonShowlnaCaiHionana  Holf  SKlien of  Csmelattd Pi v^ 

Old  Plar  bafcra  An«(it>on>  ,  £AC. 

Fia.  13. — Half  aeation  of  old  pivot  pier  and  lialf  ssstion  of  oompleted  pivot  pl«t 
of  Ricbeheu  River  Bridie. 

pumped  out,  and  the  concrete  work  was  completed  hi  the  dry,  erill^B  besmi 
being  embedded  in  the  coping  to  distribute  the  loads  from  the  swing  apaa. 
Seven  of  tbe  intermediate  piera  (Noa.  *,  S.  6.  T,  »,  10  and  11)  have  calsBoa 
foundations,  which  aie  of  similar  construction  to  that  used  for  the  pivot  ider 
and  whichdiffer  only  In  shape.  These  piers  are  pointed,  both  on  the  upatraBm 
and  downstream  ends.  Fig.  14  |b)  shows  a  halt  croaa  section  and  a  half  end 
elevation  of  a  typical  hitermedlale  pier  and  caisson  In  which  tbe  double-wall 
type  of  caisson  was  used;  l<1g.  14  (b)  shows  a  elde  elevation  ot  the  plCTaiid 
caisson:  and  Fig.  14  (c)  shows  a  plan  ot  tbe  caisson.  Above  elevation  TO 
(tbe  lop  ot  the  permanent  caisson)  tbs  construction  for  all  ot  these  pien  k 
alike. 
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The  five  single-waU  caJssonH  (Nos.  1,2,3,  12  and  13)  ore  similar  In  shape  to 
that  shown  in  Fig.  14,  the  piers  for  whicb  these  calBBona  ar«  used  belns  located 
In  comp&rutively  ehaUow  water.  Fig.  IS  ehows  details  of  these  piers  and  c^s- 
snns.  The  caisson  shoes  were  constructed  on  laud  and  were  launched  from  ■ 
slcidway. 

In  general  the  piers  rest  on  slate  rock,  hardpui  or  compact  gravel,  except 
piers  Nos.  12  and  13  and  the  east  abutment,  whicb  required  pile  foundations. 
The  compact  material  under  pier  Ko.  11  was  overiajd  with  about  7  ft,  of  loom 
material,  which  was  removed  by  an  orange-peel  budiet.  Before  the  piles 
were  driven  for  piers  Noa.  li  and  13  about  S  ft.  of  the  top  soil  was  mnoved. 
Before  placing  concrete,  a  diver  leveled  oQ  tlie  foundation  for  each  pier  uid 
also  for  the  protection  works.  !□  addition  to  this  work  the  diver,  who  was 
employed  continuously  on  the  Job.  assisted  in  landing  the  caissons,  in  blasting 
boulders  from  the  cutting  edge,  and  in  blasting  away  the  old  crib  protection 


— Details  of  fnei  and  singla  wall  raisBon  used  Id  shallow  water — Richelira 


Alter  the  caissons  reached  bottom  they  wen  underidnned  with  burlap  bags 
of  concrete  and  were  tiien  filled  with  concrete,  which  was  deposited  by  bottom- 
dump  bucliele.  The  water  was  then  pumped  from  the  caisson  and  the 
concreting  continued  in  the  dry. 

The  rest  piers  and  the  pivot  piers  were  started  after  navigation  had  closed, 
and  the  work  was  sufficiently  advanced  to  permit  the  swing  span  to  be  erected 
in  time  for  the  opening  of  navigation.  Borne  severe  weather  was  encoun- 
tered, and  the  temperature  was  as  low  as  28°  below  zero  when  the  upper  part 
of  the  pivot  pier  was  concreted. 

All  of  the  protection  piles  and  cribs  (4  the  old  bridge  required  replacing,  the 
new  work  consisting  of  aiu  cribs,  built  of  10  X  lo-in.  timbera  and  loaded 
with  rubble  stone.  The  three  cribs  near  each  rest  pier  are  connected  and  are 
Joined  totherest  pier  by  floating  booms.  These  booms  consist  of  12  X  12-ln. 
vertical  timbera  bolted  to  the  cribs  and  rest  plera.  The  old  center  protection 
work  below  low  water  wsa  left  In  place,  and,  after  being  strengthened  by  the 
addition  d  Ave  new  cribs,  a  new  top,  consisting  of  a  double  row  of  wallnga, 
was  constructed. 

Supersirticiure.— The  bridge,  which  Is  a  single-track  structure,  was  designed 
for  Cooper's  E-SO  loading.    The  unit  stresses  used  ore  tboae  given  in  the  1910 
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deifications  of  the  Grand  Trunk  Ry.,  the  impact  allowances  being  those 
'en  in  the  Dominion  Government's  1908  specifications.  The  twelve  deck 
ite  girder  spans  possess  no  unusual  features. 

The  swing  span  has  a  length,  center  to  center  of  end  fioorbeams,  of  244  ft. 
2  ins.,  and  a  center  height,  center  to  center  of  chords,  of  S6  ft.  0  in.  It  is  of 
}  center-bearing  type,  the  ends  being  raised  and  lowered  by  wedges  operated 
hand  power.  The  trusses  of  the  swing  span  are  spaced  18  ft.  on  centers, 
3h  truss  consisting  of  eight  28-ft.  6-in.  panels  and  a  center  panel  having  a 
igth  of  16  ft.  7H  ins.  The  distance  from  top  of  pivot  pier  to  base  of  rail  is 
ft.  0  in. 

instead  of  using  concentrated  wheel  loads  in  computing  the  stresses  in  the 
ing  span  equivalent  imiform  loads  were  used.  The  equivalent  uniform 
bd  used  tor  one  arm  was  6,400  lbs.  per  linear  foot,  and  that  for  the  entire 
in,  $,700  lbs.  per  linear  foot.  The  dead  load  assumed  for  this  span  Was: 
or,  735  lbs.  and  steel,  2,365  lbs.,  a  total  oi  3,100  lbs.  per  linear  foot.' 
The  circular  girder,  which  has  a  diameter  of  18  ft.,  consists  of  four  6  X  4  X 
-in.  angles  and  a  24  X  ^-in.  web.  The  wheels  are  12  ins.  in  diameter  and 
ins.  wide.  The  center  bearing  steel  casting  is  the  Grand  Trunk  Ry.'s 
tent  No.  11,283. 

The  60^t.  plate  girder  spans  were  erected,  completely  riveted,  by  means  of 
ierrick  car.  The  twelve  girder  spans  were  erected  in  5H  days,  the  trafl^ 
ving  been  diverted  during  their  erection. 

The  cost  of  the  substructure  was  $155,055.49,  and  that  of  the  superstructure 
7.877.79,  a  total  of  $233,833.28. 

The  detailed  cost  data  which  follow  represent  actual  costs  and  include  all 
ssible  charges  against  the  structure.  They  were  taken  from  the  con- 
ictor's  records  and  give  the  correct  labor  distributions  and  material  costs. 
1  railway  departmental  charges  were  obtained  from  the  auditor's  statement, 
le  superstructure  was  erected  by  the  railway  company,  while  the  substruc- 
re  work  was  done  on  a  percentage  basis,  the  contractor  receiving,  as  profit, 
i  per  cent  of  the  cost  of  all  labor  and  materials. 

Distribution  of  Costs. — Table  IX  gives  the  distribution  of  the  costs  of  the 
bstructure  and  superstructure  of  the  bridge,  taken  from  the  auditor's 
itement. 

lbub  IX. — DiSTBiBunoN  or  Substructurb  and  Supsbbtbuctubb  Costs 

Substniotiire 

ifldneering $     2,705.85 

iUage  beams  and  freight 2 ,  460. 50 

ecial  Accoimts: 

Soundings $  81.00 

Dredging 845.00 

Damage  to  barge 75.00  1,001.00 

ansporation  Dept.,  switching $  1 ,  773 .  44 

Leas  superstructure  acc't 200.00  1 , 573.44 

eight  on  material $11 ,395.95 

Less  superstructure  aco't 1 , 680. 44  9 , 715. 51 

aterial,  G.  T.  Ry.  Purohasing  Dept.: 

Stationery $        67. 58 

Ottawa  stores 55,077. 53 

Montreal  stores 1 ,222.32           56,367.43 

lel 2,159.40 
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Table  IX.— (Continued) 
J.  S.  Metcalfe  Co.: 

Percentage $  9,263.09 

Lees  superstructure  acc't 74 . 29  9 ,  188.80 

Expenditure— Supt..  $2,635.12;  mat..  $1,100.66  .  $  3,735.78 

Less  superstructure  acc't — Sup't 50.00  3,685.78 

Labor $66,063.95 

Leas  superstructure  acc't 1,143.07  64.920.88 

B.  AB.  Dept.:  $8,159.32 

Less  superstructure  acc't 6.312.12  •1,847.20 

Motive  Power  Dept.  for  B.  A  B.: 

Driving  piles 329. 61 

Total  substructure $166,965.49 

*  Material,  $1,200.00;  labor,  $647.20. 

Total  Material: 

Stores  Department $  66,367.43 

J.  8.  Metcalfe  Co 1 ,  100.66 

B.  A  B.  Department 1 ,200.00 

Total $  58,668.09 

Total  Labor: 

Labor $  64.920.88 

Superintendence 2,585. 12 

Sounding 81 .  00 

B.  &B.  Dept 647.20 

Totol .' $  68.234.20 

Superstructure 

Engineering $         609. 63 

Dominion  Bridge  Co 70.201. 92 

Motive  Power  Dept. — Power  house 102. 77 

B.  &  B.  Dept.: 

Removing  ties  and  painting  girders $       512. 12 

Bridge  floor 5.060.00 

Placing    runouts,    temporary    trestle    spur    and 

removing  old  deck  during  erecting  of  steel 750.00  6,312.12 

Transportation  charges,  switching 200.00 

J.  S.  Metcalfe  Co. : 

Operating  bridge  during  const. : 

Labor $  1 , 1 43 .  07 

Superintendence 50.00 

Percentage 74.29  1 ,267.36 

Road  Department 229.82 

Freight  on  old  and  new  steel 1 . 680. 44 

Total $  80.603.96 

Credit: 

Scrap  steel $      265.58 

Grillage  beams $2,387. 59 

Freight.' 73.00     2,460.89 

2,726.17 
Total— Superstructure $77,877.79 
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Scale  of  Wages. — The  prices  paid  for  the  various  classes  of  labor  were  as 
llows: 

Cta.  per  hr. 

omnKHi  laborers 22H 

andymen 25 

arpenters 35  to  40 

ibor  foreman 35 

arpenter  foreman 40 

eneral  foreman 60 

Per  day 

iperintendent $8. 00 

nver* 6.50 

elper  * 4. 50 

*  Furnished  by  railway  company. 

Material  Prices. — The  following  data  give  the  materials  used,  where,  they 
ere  obtained,  and  the  prices  paid  for  them: 

and,  f.  o.  b.  Swanton,  Vt.,  32  cts.  per  ton,  duty  free. 

rushed  stone,  f.  o.  b.  Chazy,  N.  Y.,  75  cts.  per  ton,  duty  17H  Per  cent. 

.ubble  stone,  if.  o.  b.  Chaay,  N.  Y.,  60  cts.  per  ton,  duty  free. 

.ubble  stone,  f.  o.  b.  bridge  site,  by  barge  from  Isle  La  Motte,  Vt.,  85  cts.  per 

ton,  duty  free. 

!ement,  f.  o.  b.  Belleville,  Ont.,  (Canadian  brand),  net  $1.25  per  barrel, 
uthber,  McAulifife-Davis  Lumber  Co.,  Chicago: 

2  X  4-in.  X  10  to  14-ft.  hemloclc  at  $15  per  M. 

2  X  64n.  X  10  to  14-ft.  hemlock  at  $15  per  M. 

2  X  84n.  X  10  to  14-ft.  hemlock  at  $15  per  M. 

1  X  6  to  8-in.  X  10  to  18-ft.  hemlock  at  $15  per  M. 

1  X  6-in.  X  12  to  16-ft.  pine  form  lumber  at  $10.50  per  M. 
lUmber,  E.  Hines  Lumber  Co.,  Chicago: 

12  X  12-in.  X  26-ft.  1.  1.  y.  p.  at  $28.50  per  M 

12  X  12-in.  X  18-ft.  1.  1.  y.  p.  at  $26.50  per  M. 

12  X  12-in.  X  22  to  24-ft.  1.  1.  y.  p.  at  $27.50  per  M. 

10  X  10-in.  X  22-ft.  1.  1.  y.  p.  at  $26.50  per  M. 

10  X  14-in.  X  14  to  25-ft.  1.  1.  v.  p.  at  $34.00  per  M. 
fumber,  John  Harrison  &  Sons,  Owen  Sound,  Canada: 

10  X  10-in.  X  10  to  20-ft.  hemlock  at  $20  per  M. 

12  X  12-in.  X  10  to  20-ft.  hemlock  at  $20  per  M. 
iumber,  A.  J.  Martin,  Sherbrooke,  Canada: 

10  X  10-in.  X  14-ft.  hemlock  at  $18  per  M. 

10  X  10-in.  X  20-ft.  hemlock  at  $20  per  M. 

10  X  10-in.  X  22-ft.  hemlock  at  $22  per  M. 
iUmber,  Marsh  &  Bingham,  Chicago: 

10  X  10-in.  X  10  to  14-ft.,  1.  1.  y.  p.,  at  $28  per  M. 

10  X  10-in.  X  16  to  20-ft.,  1.  1.  y.  p.,  at  $32  per  M. 

12  X  12-in.  X  10  to  14-ft.,  1. 1.  y.  p.,  at  $30  per  M. 

12  X  12-in.  X  16  to  20-ft.,  1.  1.  y.  p.,  at  $31  per  M. 

12  X  12-in.  X  26rft.,  1.  1.  y.  p.,  at  $33  per  M. 
jumber,  W.  H.  Bromley,  Canada: 

12  X  12-in.  X  12  to  20-ft.  red  pine,  at  $25  per  M. 
number.  Colonial  Lumber  Co.,  Canada: 

12  X  12-in.  X  12  to  20-ft.  red  pine,  at  $25  per  M. 
!iumber.  Long  lAimber  Co.,  Hamilton,  Ontario: 

10  X  10-in.  X  12  to  18-ft.  hemlock,  at  $16  per  M. 

12  X  12-in.  X  16  to  18-ft.  hemlock,  at  $20  per  M. 
liumber,  R.  Laidlaw  4  Co.,  Canada: 

12  X  12-in.  X  16-ft.  Georgia  pine,  at  $35  per  M. 

12  X  12-in.  X  18-ft.  Georgia  pine,  at  $37  per  M. 
Lumber,  W.  B.  Crane  &  Co.,  Chicago: 

12  X  14-in.  X  14  to  16-ft.  white  oak,  at  $38  per  M. 


V 


Prices  of  MiaceUaneoue  Materials. — The  following  prices  were  paid  for  the 
miscellaneous  materials  listed  in  the  accompanying  table: 
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Reinforcinft  steel,  per  100  lbs $     1.46 

Drifts,  sheared  points  without  head,  per  100  lbs 1 .90 

Ship  spikes,  per  100  lbs 2. 90 

Anchor  straps,  each 4. 80 

Machine  bolts: 

"H  X  16-in.,  per  100 29.40 

%i  X  24-in.,  per  100 42.00 

H  X  16-in.,  per  100 10. 62 

Nose  plates,  each 7. 16 

1  10-in.  sheave  block 14.00 

1  10-in.  sheave  snatch  block 7. 60 

1  8-in.  triple  wood  block 1 .  95 

Steam  hose,  per  lin.  ft .93 

Suction  hose,  per  lin.  ft 1 .  33 

1  3-ton  M.  J.  duplex  block 72. 00 

1  1-ton  M.  J.  difiFerential  block 7.00 

1  3-ton  Harrington  block 67. 60 

Dynamite,  f.  o.  b.  factory,  per  lb .19 

.  Amazon  3-ply  roofing  paper,  per  square 2. 25 

1  motor  boat,  18-HP 600.00 

Equipment  Furnished  by  Substructure  Contractor. — The  accompauylllg 
table  gives  the  equipment,  and  its  value,  furnished  by  the  J.  S.  Metcalfe  Co., 
the  substructure  contractor: 

6  Hudson,  V-shaped,  1-cu.  yd.  cars $    390 

Track 40 

1  No.  3  Gould  trench  pump 25        * 

1  H-cu.  yd.  Cube  mixer 1 ,  600 

1  H-cu.  yd.  Smith  mixer  (old) 400 

1  Pulsometer  pump 100 

1  Eiperson  Jr.  B.  pump 120 

1  No.  2  Emerson  steam  pump 368 

2  No.  2  Wood  electric  drills 250 

Motor  and  fittings 600 

'  2  locomotive  boilers 800 

1  vertical  boiler 300 

12  wheelbarrows 45 

Total $5,038 

Work  Done  by  Bridge  and  Building  Department. — The  data  given  in  Table 
X  refer  to  materials  furnished  and  work  done  by  the  Bridge  and  Building 
Department  of  the  Grand  Trunk  Ry. 

Tablb  X. — Cost  Data  on  Wobk  Donb  bt  Bridgb  and  Building  Departmbmt 

Piles  and  Pile  Driving 

117  40-ft.  piles  (4,670  lin.  ft.  at  15  cts.  per  ft.) $     700. 00 

Motive  Power  Department 329 .  61 

14^  days'  pile  driving  at  $8  per  day,  labor  $16 232. 00 

•Labor,  cutting  piles — east  abutment 20 .  00 

Labor,  cutting  piles  by  driver,  average  about  8  piles 

per  day  at  $17  per  day;  total,  62  piles  in  8  days. . . .  136 .  00 

Freight 80. 00 

Overhead  charges 79. 00 

Total  cost  (per  ft.,  33.8  cts.) $1 , 576. 61 

Siu>porting  Track  by  Bridge  Dept. 

Labor $     415.20 

Material 600. 00 

Freight 120.00 

Overhead  charges 71 .  00 

Total $1 ,  106. 20 
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Tablb  X. — (Continued) 

Work  'Done  by  J.  S.  Metcalfe  Co.  as  Part  oC  B.  <&  B.  DepL'B  Work 
This  work  consisted  of  changing  trestle  bents,  sup- 
porting track  and  removing  old  trestle  piles. 

Labor $1,411.57 

Material 4..^ 200.00 

Transportation i. ..... .  33 .  44 

Freight 70.00 

Overhead  charges 159 .  00 

Total *$1,864.01 

•$1,864.01  -  $20.00  -  $1,844.01. 

Table  XI  gives  cost  data  on  work  done  by  the  diver,  sudi  as'dutting  off 
»iles  and  excavation  for  caissons  and  protection  cribs. 

Tablb  XI. — Cost  Data  on  Work  Donb  bt  Divbb 

Cutting  off  piles  in  foundation: 

Labor $     100.00 

Material. 20. 00 

Freight 2. 76 

Overhead  charges 13 .  25 

Total $     136.00 

Cutting  of  old  trestle  piles  inside  and  outside  of  caissons: 

Labor $  100.00 

Material .•. .  20.00 

Freight *. 2.76 

Overhead  charges 13 .  75 

I         .  I      I  II    I  r       r 

Total $     136.51 

£xcavation  by  diver: 

This  account  was  for  excavation  work  for  caissons 
(area,  6,400  sq.  ft.;  cost,  $1,975),  and  for  protec- 
tion cribs  (area,  2,000  aq.  ft.;  cost,  $851). 

Labor $2,400.00 

Material 130.00 

Freight 10.00 

Overhead  charges 286. 00 

♦TotaL ,  $2,826.00 

*  Cost  per  square  foot  (8,400  sq.  ft.)  *■  34  cts. 

Grand  total $3,098.51 

Data  on  Open  Timber  Caissons. — Table  XII*  gives  the  quantity  of  timber 
required  for  the  caissons  of  the  piers  and  abutments,  the  various  labor  and 
material  costs,  the  cost  of  miscellaneous  items  and  the  total  and  unit  cost. 
The  contractor's  percentage  and  the  engineering  costs  are  not  included  (lor 
Contractor's  percentage  of  the  total  cost  of  each  pier  and  abutoient  see 
Table  XV).  The  overhead  charges  given  include:  construction  buildings, 
timekeeper,  tool  boys,  watchman,  shoveling  snow,  superintendence,  general 
expense,  equipment,  labor  and  material. 

Concrete  Work. — Table  XIII*  g^ves  the  quantity  of  concrete  placed  in  the 
piers,  the  various  labor  and  material  costs  for  pieis  and  abutments,  the 
cost  of  miscellaneous  items,  the  total  cost  of  the  concrete  in  piers  and  abut- 
ments, and  its  imit  cost.  The  contractor's  percentage  and  the  engineering 
costs  are  not  included.  (For  contractor's  peioentage  of  the  total  cost  of 
each  pier  and  abutment  see  Table  XV.)  The  overhead  charges  given  in 
Table  XIII  include:  construction  buildings,  shoveling  snow,  timekeeper, 
tool  boys,  watchman,  superintendence  and  general  expense,    T&O  ^o^^S^^\S 
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was  deposited  under  water  by  bucket,  the  average  depth  of  water  being  about 
two-thirds  of  the  height  of  the  pier.  In  connection  with  the  concrete  work 
the  pumping  account  amounted  to  $1,676.92,  divided  as  follows; labor,  $797.92 ; 
fuel,  $530;  miscellaneous  material,  $200;  and  overhead  charges,  $149;  this 
amounts  to  31.2  cts.  i>er  cubic  yard  of  concrete  in  the  piers  and  abutments. 
*  Tables  XII  and  XIII  have  been  sreatly  reduced  from  those  given  in  article 
in  which  the  details  are  given  separately  for  each  pier  and  abutment. 

Crib  Protection  Worka^  Booms  and  Waling. — Table  XIV  gives  the  quantities 
of  materials  used  in  the  cribs,  booms  and  waling,  the  labor  and  material  costs 
of  various  items,  the  cost  of  miscellaneous  items,  the  total  costs  of  the  cribs. 
booms  and  waling,  and  their  unit  costs.  The  engineering  costs  are  not  included . 
The  cribs  were  filled  with  stone  from  barges,  the  rip-rap  being  unloaded  from 
trains.  The  total  cost  of  the  wing  cribs  and  booms  was  $15,594,  and  that  of 
removing  the  old  protection  work  $1,190.98  (for  details  see  Table  XVI). 

Summary  of  Pier  Cotta. — Table  XV  gives  a  summary  of  the  cost  of  the 
various  items  of  each  pier  and  abutment,  the  total  cost  of  each  pier,  and  the 
total  cost  of  all  piers  and  abutments.  The  engineering  costs  are  not  included. 
Cofferdams  were  constructed  for  the  two  abutments  and  for  pier  No.  1.  The 
cofferdam  used  for  pier  No.  1  consisted  of  2-in.  sheeting  driven  flush  with  the 
outside  of  the  caisson  and  banked  with  clay  on  the  outside.  The  cost  given 
for  this  cofferdam,  $306.98,  includes  the  cost  of  excavating  for  the  pier  and 
that  of  puddling.  The  excavaticm  work  for  the  two  abutments  (cost,  $300) 
was  done  by  ordinary  labor;  that  for  pier  No.  11  (cost,  $600)  was  done  by  a 
dredge;  and  that  for  the  remaining  piers  (cost,  $1,975),  by  divers.  The  cost 
given  for  the  caisson  of  the  west  abutment  ($448)  was  for  rip-rap  only.  The 
distance  from  the  top  of  masonry  to  the  base  of  rail  is  8  ft.  6  ins. 

The  itemized  costs  of  the  pivot  pier  (No.  8)  are  shown  in  Table  XV.  These 
costs  do  not  include  engineering  nor  removal  of  old  pier,  the  costs  of  which 
were  $416  and  $900,  respectively.  If  these  items  are  included,  the  total  cost 
of  the  pivot  pier  is  $24,517.96.  The  total  cost  of  the  concrete  work  for  this 
pier  was  $11,827.45.  which  was  divided  as  follows: 

12-in.  wall,  140  cu.  yds.  at  $9.00 $  1 ,260.00 

Encasing  walls  and  concrete  burlap  bags,  650  cu.  yds. 

at  $8.46 5,500.00 

Rubble  grouting,  450  cu.  yds.  —  150  cu.  yds.  grout 

at  $12.00 1.800.00 

Pier  top,  360  cu.  yds.  at  $8.22 2,969.45 

Forms 298.00 

Total $11,827.45 

The  estimated  cost  of  the  pivot  pier,  including  its  proportion  of  the  general 
diarges,  freight,  interest  and  depreciation  of  plant,  contingencies,  engineering 
and  superintendence,  was  $31,250.  The  difference  between  this  and  the 
actual  cost  of  about  $24,500  is  due  mainly  to:  (a)  Grouting  the  rubble  filling 
instead  of  removing  it  and  replacing  with  concrete  (approximate  saving, 
$3,500);  (b)  lower  cost  of  concrete  than  estimated  (approximate  saving, 
$2,500) ;  and  (c)  lower  cost  of  caisson  (approximate  saving,  $750). 

Table  XVI  gives  a  general  summary  of  the  costs  of  the  bridge,  the  tabula- 
tion being  made  in  such  manner  as  to  show  the  costs  of  labor  and  super- 
intendence, material,  transportation,  fuel,  freight,  overhead  charges  and  totals 
for  each  item  of  the  work.  It  win  be  noted  that  the  cost  of  labor  and  stq;>er- 
intendenoe  was  about  $9,600  in  excess  of  that  of  materials. 
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Id  fie.  16  tbe  helots  of  the  plen  have  been  xdMMd  m  ordliutes  and  Uelt 
»al  costs  as  absClaBas.  Excluding  the  leM  plera,  which  are  spedol  cases.  It  la 
;en  that  the  heighl-coat  curve  Is  pracllcally  a  straight  line. 

Unil  Colli.— lbs  following  unit  costs  Include.  In  addition  to  the  Items  noted, 
rain  service  and  freight,  but  do  not  Include  contractor's  percentage  nor 
nslneering  ctiarges: 

r.-iniiw  in  CawMB..— The  avera) 
r€icted  and  In  place.  Including  n 
69.02  per  M  ft.  B.  M. 

Timber  in  i'rstccliVn  Crib  Work, — The  average  cost  of  the  Umber  In  the  <Tih 
irotectlon  worli  framed,  erected  and  In  place,  including  materials,  to<dB, 
qulpment  and  labor,  was  (80.87  per  M  ft.  B,  M.  Tbs  prices  Bl  the  various 
-Inds  of  timber,  per  M  ft.  B.  M„  were:  bemlodi  and  spmce,  S30:  t«d  pine, 
:25;  long  leaf  yellow  pine,  (26  to  )M, 


Flo.  IS. — Curve  shoo 


ing  rclatlDD  between  height  and  i 
of  Richelieu  River  Bridge. 


Concrett. — Tbe  average  coal  of  the  concrete.  Including  materials,  «qul|>metlt, 
tools  and  labor,  was  »8.ao  per  cubic  yard.  The  prices  ol  tbe  materials  wan: 
crashed  stone,  »1.10  per  cubh;  yard  (10.76  pet  ton);  sand,  10.32  per  cubic 
yard;  and  cement.  tl.2S  per  barrel,  net. 

Excatalitm. — The  cost  (tf  the  excavation.  Including  equipment  and  labor, 
for  the  three  classes  at  work  as  follows : 

By  diver,  preparing  bottom,  8,400  aq.  ft..  S0,34  per  square  foot. 

By  orange-peel  bucket.  200  cu.  yds..  (4.22  per  cubic  yaid. 

By  ordinary  labor.  200  cu.  yds.,  tl.SO  per  cubic  yard. 

fiiprap,— The  coet  of  the  1,300  cu,  yds.  of  rip-rv>.  Including  equipment 
and  labor,  was  t2.2S  per  cubic  yard. 

Siimr  FiUing, — The  5.400  cu.  yds.  of  stone  filling.  Including  equipment  and 
labor,  coat  tl.eg  per  cubic  yard. 

i>i!(i.— The  40-ft.  hardwood  piles  cost,  tn  place,  113.48  each,  or  W.34  per 
linear  foot.  This  Cost  Includes  material.  eqiJpment,  driving,  cutting  olT  uid 
all  othBT  labor. 
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Superstruetwre. — The  -weight  of  the  250-ft.  swing  span  was  737,062  lbs.,  and 
its  cost,  erected,  was  5.34  cts.  per  pound. 

The  weight  of  the  twelve  60-ft.  deck  plate  girders  was  710,370  lbs.,  and 
their  cost,  erected,  was  3.27  cts.  per  pound. 

The  power  plant  and  machinery  cost  $5,167. 

PEBCBNTAOES    OF   TOTAL   COST   OF   YABIOU8    ITEMB 

Subtiruelure. — The  following  are  the  percentages  of  the  total  substructure 
cost  ($155,955.40)  of  some  of  the  principal  items: 

Per  cent 
Engineering,    including    preliminary    surveys,    plans    and    field 

inspection 1 .  73 

Bridge  and  Building  D^t.,  induding  changing  of  trestle  bents,  re- 
supporting  track,  etc 1 .  90 

Soundings 0 .  23 

Contractor's  superintendent 1 .  66 

General  charges,  including  overhead  charges,  engineering,  con- 
tractor's superintendence,  and  contractor's  percentage 8.88 

Freight 6 .  23 

Transportation 1 .  01 

The  substructure  contractor's  percentage  was  6M  per  cent  of  the  total 
cost  (exclusive  of  engineering)  of  the  substructure,  which  equals  about  14  -per 
cent  of  the  actual  labor  cost  alone. 

Superstructure. — The  following  are  the  percentages  of  the  total  superstruc- 
ture cost  ($77,877.79)  of  several  items:  . 

Per  cent 

Engineering,  including  shop  and  field  inspection 0.78 

Bridge  and  Building  Dept. — run-outs 0. 96 

Bridge  and  Building  Dept. — ^new  floor 6. 50 

Table   XII. — Cost   Data   on   Open   Timber   Caissons — ^Enoinbering  and 

Contractor's  Percentage   not  Included 

Total  ft. 
B.   M. 
Timber  used 

8  Double  waH  caissons 

Permanent  double  wall. 344 ,727 

Temporarv  single  wall 64 ,  200 

5  Single  wall  caissons 

Permanent  sini^  wall 28 ,760 

Temporary  single  wall 18,400 

Costs 

Labor  Total 

Framing ; $18 ,881 

Tearing  down,  single  wall 459 

Rip-rap 724 

Unloading  material 460 

Material 

Timber ., 7,690 

Tools 623 

Rip-rap ' 1 ,  127 

Iron 1,075 

General 382 

Miscellaneous 

Fuel 229 

Freight. 1,250 

Transportation 545 

Overhead  charges 3.033 

Total $31,478 

Average  unit  cost  per  M.  ft.  B.  M $69.02* 

*  This  varied  from  a  minimum  of  $56  to  a  maximum  of  $81. 
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iBUB    XIII.— Cow   Data   on   Concbkts   Work — Enqinxkrino  and  Con- 
tractor's Pbrcbntaob  not  Includkd 

Cu.  yds. 
lantity 

[n  13  pien  and  2  abutments  exclusive  of  12-in.  walls 4,862 

Between  caisson  walls  (8  double  wall  caissons)  .* 619 

Total 6,881 

Costs 
boj 

Mixing  and  placing,  excluding  12-in.  walls $  6,884.46 

Mixing  and  placing  between  12-in.  walls 1 ,310 

Unloading  material 2,878. 11 

Forms 2 ,  94 1 

Temporary  tracks 720 

Equipment 882 

aterial 

Cement  sand  and  crushed  stone 16,048 

Forms 660 

Temporary  track 680 

Equipment 442 

Tools 316 

Miscellaneous  material 1 ,337 

iscellaneous 

Transportation,  switching 626 

Freight 6.740 

Fuel. 800 

Overhead  charges 3 ,  056 

Total , $44, 109.66 

lit  cost  per  cu.  yd $8. 20* 

•Average. 

LBLJB  XIV. — Cost  Data  on  Crib  Protection  Works,  Booms  and  Walino— 

Enginebrinq  not  Includbd 

Center  Wing 

cribs  2  Waling  Booms  cribs  Totals 

lan  titles 

Timber,  ft.  B.  M.         560.316         16,300         24,006         102.734         783,046 
Rubble  stone, 

cu.  yds.. 4,000         1,400  6,400 

Total  Cost  of  Various  Items 
bor 
Unloading 

material $880        $20        $30        $200        $630 

Framing 7,086.00         703.72     1.223.00       3,696.00     12.696.72 

Excavation    b  y 

diver... 505         346  851 

Filling  cribs 1,737.16 806.00       2,643.16 

Rip-rap 135.09 101.00  236.09 

ftterial 

Timber 11,080              496              705  4,260  16,640 

Iron.... 1,000                 56                 36  490  1.580 

Rubble  stone....  3.600  1,213  4,713 

Tools 250                 36                40  100  426 

ispellaneous 

Transportation..  200  14  16  100  330 

Freight 1,310  80  120  690  2,200 

Fuel 140       60  200 

Overhead 
charges 3,106  169  248  1,216  4,739 

Total  cost..      30,428.24     1,661.72     2,417.00     13,177.00     47,683.96 

Unit  cost  per 

M.  ft.B.M.             56.30         108.46  97.87  68.37  60.87 

Contractor's  percentage $  3,097.00 

Grand  total  cost $60,780.96    $64.86 
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Cost  of  CoiiTerting  a  Pin-Connected  Bridge  into  a  Riveted  Strneture. — ^The 
lowing  matter  is  taken  from  an  article  published  in  Engineering  News, 
It.  8.  1914. 

The  conversion  of  a  pin-connected  bridge  span  into'  a  riveted  span  is  an 
beresting  and  very  exceptional  piece  of  bridge  work  recently  carried  out. 
le  bridge  te  a  single-track  swing  span  on  a  branch  of  the  Pennsylvania 
nes,  crossing  the  Grand  Calumet  River,  at  Bumham,  111.,  and  was  built  by 
Gottlieb  &  Co.,  in  1886.  It  is  183  ft.  long,  c.  to  c,  having  two  81-ft.  arms 
d  a  central  21-ft.  panel.  It  was  necessary  to  adapt  the  bridge  to  carry 
avy  loading  (Cooper's  E-60),  and  investigation  showed  that  this  could  be 
ne  much  more  rapidly  and  at  much  less  cost  by  strengthening  the  old 
ructure  than  by  replacing  it  by  a  new  bridge.  The  work  m  general  was  as 
Hows: 

(1)  Reinforcing  the  main; trusses;  (2)  adding  an  additional  row  of  stringers 
r  eac^  rail;  (3)  placing  new  top  and  bottom  cover  plates  and  additional  end 
.nger  plates  on  the  floor-beams;  (4)  strengthening  the  circular  girder  of  the 
mtable  drum. 

Execution  of  Work. — One  arm  of  the  bridge  is  over  shallow  water  and  the 
her  over  the  navigable  channel.  The  plan  of  reconstruction  adopted  was 
build  falsework  imder  the  former  arm  and  make  all  the  alterations  to  it, 
ch  truss  pins  being  removed  from  it  as  were  necessary  to  make  way  for  the 
w  parts.  The  bridge  was  then  revolved,  and  the  other  arm  treated  in  the 
me  way.    The  traflSc  averaged  20  trains  daily. 

As  the  work  was  done  heiore  the  navigation  season  opened,  the  bridge  was 
>t  required  to  be  swung  for  river  traffic.  When  reversed  for  the  reconstruo- 
)n  work,  it  was  swung  by  means  of  its  hand-oi>erated  machinery  in  the 
gular  manner.  A  locomotive  crane  standing  on  the  bridge  was  used  to  take 
it  the  old  members  and  put  the  new  members  in  place,  while  the  use  of 
yacetylene  torches  in  cutting  away  old  material  considerably  reduced  the 
ne  and  cost  of  the  work. 

In  all,  about  20  tons  of  metal  were  removed  and  80  tons  of  new  metal 
aced,  the  bridge  as  now  completed  having  a  weight  of  about  170  tons. 
The  necessary  alterations  to  the  bridge  and  the  methods  of  carrying  them 
it  were  planned  under  the  direction  of  J.  C.  Bland,  Engineer  of  Bridges  of  the 
3nnsylvania  Lines.  The  contract  for  the  execution  of  the  work  was  awarded 
ec.  2,  1913.  Work  was  commenced  Jan.  20,  1914,  and  completed  May  13, 
)14.  The  cost  was  approximately  $16,500,  while  it  is  estimated  that  a  new 
-idge  to  meet  the  same  conditions  would  have  cost  about  $75,000. 
The  Cost  of  a  Cable-Lift  Drawbridge  of  the  Pennsylvania  Lines  is  given 
Engineering- News,  Nov.  13,  1913.  The  bridge  in  question  being  one  of 
vo  parallel  double-track  bridges  built  in  1913  across  the  Calumet  River  at 
)uth  Chicago.  The  bridges  are  on  skew,  each  having  an  extreme  length 
Qduding  approach  spans)  of  about  340  ft.,  and  a  length  of  210  ft.  c.  to  c.  of 
id  pins  of  the  lift  span.    The  distribution  of  cost  for  one  span  is  as  follows: 

Substructure $110,000 

Towers,  including  approach  spans 88 ,  000 

Lift  sjaan 70,000 

Electrical  apparatus 16 ,  500 

Operating  machinery 45 ,  000 

Rail  latches 3,000 

Cables 13,000 

Concrete  coimterweights .- - 3 ,  400 

$348,900 
78 
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The.cost  of  the  lift  span  covers  furnishing  and  erecting  the  steelwork  com- 
plete, the  madiinery  and  operator's  houses,  wood  walkways  and  platform  sand 
their  railings.  The  cost  f  oi  the  coimterweights  includes  furnishing  and  placing 
the  concrete.  The  cost  of  dismantling  the  old  span,  providing  temporary 
supports  for  tracks  during  erection,  royalty,  extras  in  erection,  and  various 
other  items  will  make  the  total  cost  of  each  double-track  bridge  about  $400,000. 
To  this  must  be  added  the  proportional  share  of  the  cost  of  the  power  plant. 

Cost  of  Erecting  Structural  Steel  for  Manhattan  Blevated  Railway  Improve- 
ments. — ^Early  in  1916  work  was  completed  on  the  addition  of  single  continu- 
ous express  track  to  the  Manhattan  elevated  railway  in  New  York  City.  The 
work  included  tbe  building  of  23  miles  of  single  track  elevated  structure,  the 
erection  of  50,000  tons  of  steel,  tbe  building  of  638  foimdations,  and  the  con- 
struction or  reconstruction  of  29  stations.  Most  of  the  work  was  on  city 
streets  often  congested  with  traffic.  Traffic  on  the  elevated  railway  lines 
was  maintained  according  to  the  regular  schedule  throughout  the  period  of 
reconstruction.  In  a  paper  published  in  the  Dec.  1917  Proceedings,  Am.  Soc. 
C,  E.,  F.  W.  Gardiner  and  S.  Johannesson  describe  the  design  and  construc- 
tion features  of  this  improvement.  The  following  notes,  on  tbe  cost  of  the 
work,  taken  from  the  above-mentioned  paper  are  given  in  Engineering  and 
Contracting,  Jan.  23,  1918. 

The  work  was  performed  imder  a  contract,  dated  Feb.  13,  1914,  with  the 
Terry  &  Tench  Co.,  Inc.,  The  Snare  &  Triest  Co.,  and  the  T,  A.  Gillespie  Co., 
which  last  company  acted  as  executive.    The  work  was  distributed  as  follows; 

All  foundation  work  was  done  by  the  T.  A.  Gillespie  Co. ;  the  Snare  &  Triest 
Co.  carried  out  all  work,  including  steel  erection,  station  finish,  and  track- 
laying  on  Sections  Nos.  6-C  and  7;  the  Terry  &  Tench  Co.  completed  all 
steel  erection  and  track  work  on  the  remaining  sections,  and  the  station 
finish  work  on  these  sections  was  partly  carried  out  by  the  Terry  &  Tench 
Co.  and  partly  by  the  T.  A.  Gillespie  Co. '  The  contractor's  work  was  in 
executive  charge  of  a  vice-president  of  the  T.  A.  Gillespie  Co. 

The  sub-contractors  for  the  manufacture  and  delivery  of  the  steelwork,  the 
tonnage  delivered,  and  the  prices  per  pound  of  the  material  delivered,  are 
given  in  Table  XVU. 

Table  XVII. — Stsbl  Wobk  fob  "Manhattan  Elbvatbd  Improvements" 

Price 
Section  Sub-contractor  Tons  per  lb. 

1 Milliken  Brothers 5,963  $0.0288 

2-A American  Bridge  Co 4,562  0.0293 

2-B American  Bridge  Co 3,820  0.0262 

3 Phoenix  Bridge  Co 3,929  0^0239 

4-A McChntic-Marshall  Co 5,644  0.0215 

5-A Pennsylvania  Steel  Co 1,732  0.0290 

5-B Pennsylvania  Steel  Co 1,440  0.0275 

5-C  (Structural  steel) .  .Pennsylvania  Steel  Co 1 ,  100  0.0290 

5-C  (Machinery) Pennsylvania  Steel  Co 163  0. 1045 

6-D Pennsylvania  Steel  Co 1,113  0.0320 

6-A L.  F.  Shoemaker  &  Co 2,926  0.0250 

6-C. McClintic-Marshall  Co 8,075  0.0243 

7 L.  F.  Shoemaker  A  Co 1 ,487  0.0254 

8-A American  Bridge  Co 5,041  0.0245 

8-B Milliken  Brothers 1 ,302  0.0270 

8-C MilHken  Brothers 547     .      0.0254 

10-B Belmont  Iron  Work 1,200  0.0285 

The  contracts  for  the  manufacture  and  delivery  of  rails  were  made  with  the 
following  companies: 
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Bethlehem  Steel  Co.,  Standard  rails,  2,961,620  lb.,  at  $0,014  per  pound. 
Lackawanna  Steel  Co.,  standard  rails,  2,916,940  lb.,  at  $0,014  per  pound. 
Illinois  Steel  Co.,  manganese  rails,  564,060  lb.,  at  $0.0905  per  pound. 
The  track  lumber,  which  was  all  yellow  pine  and  amounted  to  about  8,000,- 
0  ft.  B.  M.,  was  obtained  from  the  D.  L.  Gillespie  Co.,  of  Pittsburgh,  Pa:, 
d  cost  $30.50  per  1,000  ft.  B.  M. 

Other  lumber,  for  shoring,  forms,  etc.,  was  bought  for  $23.50  per  1,000  ft 
M. 
The  prices  paid  for  materials  for  concrete  delivered  were  as  follows: 

Cement,  per  bbl $1 .  70 

Sand,  per  cu.  yd 1 .  00 

Stone,  per  cu.  yd. 1 .  70 

Cost  of  Labor. — ^The  wages  paid  to  the  men  engaged  on  the  work  were  at 
le  prevailing  rates,  and  were  as  follows,  for  an  8-hour  day: 

Bricklayers. $    6.00 

Ironworkers 5.00 

Ir<m  workers  apprentices 3.00  to  $4.00 

Carpenters 5.00 

Carpenter  foreman 7.00  to      8.00 

Bock  builders 4.00 

Water-proofers 4. 25                                                  * 

Rock  drillers 3.75 

Timber  men 2. 60 

Timber  men  or  foreman 3.00  to      3.50 

Painters  (structural) 2.26  to      2.60 

Painters  loremao 4.00  to      6.00 

Blacksmiths 4 . 50  to      6.00 

Blacksmiths'  helpers 3 .  20 

Machinists 3. 50 

Lead  caulkers 4 .  50 

Labor  foreman. 3 .  50  to      4 . 00 

Handyman 2.50  to      3.00 

Laborers 2.00  to      2. 25 

Painters  for  timber  work 4 .  00 

General  foreman 8.00  to    10.00,  straight  time 

Compressor  men 125. 00  per  month 

Hoisting  engineers 30 .  25  to    33 .  00  per  week 

Watchmen 12.00  to    14.00  per  week 

The  total  cost  of  the  work  done  by  the  contractors  was  $10,273,636.  The 
ontractors'  exi>enses  for  engineering  and  superintendence  amounted  to 
1559,340,  or  about  5K  per  cent  of  the  total  cost. 

The  cost  of  steel  erection  varied  greatly  for  the  different  sections,  on  account 
>f  the  varsring  difficulties  connected  with  the  erection.  Table  XVIII  gives 
or  each  section  the  cost  of  erecting  1  ton  of  steel  and  the  cost  of  shoring  per 
on  of  steel  erected. 

As  an  example  of  the  cost  of  riveting,  etc.,  it  may  be  stated  that,  on  Section 
S^o.  6-C,  36$,000  rivets  were  driven  at  the  cost,  of  14.2  cts.  per  rivet,  including 
)verhead  charges.  There  were  fom:  men  in  a  gang,  and  each  gang  averaged 
172  good  rivets  for  an  8-hour  day.  This  work  was  interfered  with,  on  accoimt 
>f  the  train  traffic.  About  325,000  holes  were  drilled  from  the  solid,  mostly 
15/16  in.  in  diameter,  at  a  cost  of  15.1  cts.  per  hole;  about  40  percent  of  these 
boles  were  drilled  in  new  steel  on  the  street  surface,  the  remainder  in  the 
structure.  About  115,000  old  rivets  and  bolts  were  cut  out  of  the  existmg 
structure  at  a  cost  ol  9*6cts. each,  Including  replacing  the  rivets  cut  out  with 
temporary  bolts. 
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Tablb  XVIII. — Cost  of  Ebbction 

Section  Cost  of  erection,         Cost  of  shorinc 

N  o.                                                                          per  ton  per  ton 

1 $30.42  $12.67 

2-A 21.27  5.41 

2-B 13.80  1.50 

3 43.71  20.18 

4-A 14.22  0.88 

5-A 50.86  20.61 

5-B 39.62  26.63 

6-C 85.76  

5-D 32.49  6.49 

6-A 28.70  17.06 

6-C 39.82  10.30 

7 93.94  7.34 

8-A 33.41  15.33 

8-B 

8-C 57.80  13.90 

10-B 105.24  2.68 


The  labor  charges  for  the  construction  of  the  foundations  varied  consider- 
ably, according  to  whether  the  new  foundations  were  at  new  locations  or 
replaced  existing  foundations,  and  also  according  to  the  sub-surface  structures 
en<5ountered.  On  Section  No.  2-A,  for  example,  49  foundations,  each  c(MI- 
taining,  as  an  average,  15.8  cu.  yd.  of  concrete,  were  placed  at  new  locations 
at  $24.60  per  cubic  yard,  including  all  excavation,  placing  of  sheathing,  forms 
and  concrete,  back-filling,  and  repaving.  Seventeen  foundations  under 
existing  columns  were  placed  at  a  cost  of  $37  i>er  cubic  yard,  and,  in  addition, 
the  cost  of  shoring  the  structure  amounted  to  $210.36  for  each  foundation. 

On  Section  No.  6-A,  23  foundations,  each  containing,  as  an  average,  20 
cu.  yd.,  imder  existing  columns,  were  placed  at  a  cost  for  labor  of  $18.93  per 
cubic  yard,  and  the  charges  for  shoring  the  structure  amounted  to  $255.77  for 
each  foundation. 

On  Section  No.  6-B,  24  foundations,  each  containing  7.6  cu.  yd.  of  concrete, 
at  new  locations,  were  completed  at  a  cost  of  $22.47  per  cubic  yard,  or  a  total 
of  $168.50  per  pier,  distributed  as  follows: 


Superintendence:  Timekeeping,    storekeeping,    material 

checking,  general  foreman $  21 .02 

Protections $    4. 00 

SheathiM 20.00 

Making  forms. 4.00 

Placinp;  forms 7 .00 

Stripping  forms 3.40 

Repairing  forms 6 .  00 


Carpenter  work. 


T„K^,  r  Excavating 50.80 

^^^ Concreting 9.90 

{  Back-filHng 10. 16 

I  Cleaning  up. 5. 00 

Watching ' 12. 10 

Hauling  materials^ 15. 12 

$168.50 


Cost  of  Reinforcing  a  Steel  Bridge  With  Concrete. — ^The  fallowing  is  given  in 
Engineering  and  Contracting,  Feb.  22,  1911. 
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The  use  of  concrete  for  stiffening  the  columns  of  steel  tiestles  and  for  making 
d  steel  trestles  permanent,  has  been  successfully  acccHnpUshed  by  the 
Tabash  R.  R.  On  one  of  the  bridges,  thus  reinforced,  the  St.  Charles  Bridge 
ver  the  Missouri  River,  the  saving  has  been  about  $140,000  as  compared 
1th  the  cost  of  a  new  trestle.  The  saving  per  lineal  foot  is  about  $32.20  for 
lis  trestle  which  averages  about  40  ft.  in  height. 

Before  the  work  was  started,  estimates  were  made  of  the  probable  cost  of  a 
ew  trestle  to  replace  the  present  one  and  also  of  the  {ntjbable  cost  of  doing 
le  work  aa  it  has  now  been  carried  out.  Assuming  the  concrete  to  cost  $6 
er  cu.  yd.  and  the  steel,  4  cts.  per  lb.  in  place,  it  was  found  that  the  cheapest 
ew  structure  that  could  be  built  was  one  consisting  of  45-f  t,  deck  girder  spans 
a  concrete  piers,  and  the  cost  ^  such  a  structure  would  be  $50  per  lin.  ft. 
iTith  the  same  unit  prices,  the  cost  of  a  new  trestle  composed  entirely  of  steel 
'ith  towers  30  ft.  in  length  and  intermediate  spans  of  dO<ft.,  Was  found  to  be 
53  per  lin.  ft.*  and  if  the  intermediate  spans  were  made  30  ft.  iustead  of  60  ft., 
lie  cost  would  be  $56  per  lin.  ft.,  but  if  the  intermediate  spans  were  made  15 
^.  instead  of  60  ft.,  the  cost  would  be  $51  per  lin.  ft. 

By  way  of  comparison  with  the  above  estimate,  the  steel  columns  of  the 
t.  Charles  bridge  approaches  have  been  reinforced  with  concrete  at  a  cost  of 
7.30  per  lin.  ft.  of  trestle.  It  is  estimated  that  the  eo«t  of  steel  stringers  to 
splace  the  old  wooden  ones  will  be  $10.50  per  Un.  ft.  in  place,  making  the 
otal  cost  of  strengthening  the  trestle  $17.80  per  lin.  ft.  The  saving,  there- 
>re,  over  a  structure  costing  $50  per  lin.  ft.  is  $32.20  per  lin.  ft.,  and  as  this 
restle  is  4,342  ft.  long,  the  total  saving  a^iounts  to  about  $140,000. 

It  must  be  npted  that  there  will  be  an  additional  saving,  as  the  amount  of 
alvage  that  would  accrue  from  the  sale  of  materials  in  the  old  trestle  would  be 
luch  less  than  the  cost  of  removing  the  trestle.  Another  fact  worth  noting 
)  that  this  kind  of  work  can  be  done  gradually  at  a  cost  which  would  be  but 
ttle  more  than  the  present  maintenance  e^cpenses.  The  trestle  as  now  rein- 
3rced,  as  estimated  from  previous  column  tests,  and  inspection  of  the  com- 
•leted  work,  will  carry  any  engine  that  it  is  possible  to  build. 

ConttrucHon  Work. — ^The  contractor  for  the>  work. on  both  bridges  was 
lunished  with  materials  f.o.b.  cars  at  the^te,  with  "  dead-head "  freight  on 
11  lumber,  tools  and  equipment,  and  free  transportation  of  laborers,  all  of 
irhich  materially  reduced  the  cost  of  construction  to  the  contractor. 

In  the  two  approaches  to  the  St,  Charles  Bridge  there  are  300  columns, 
0  to  50  ft.  high,  tied  in  groups  of  four,  with  transverse  and  longitudinal  struts, 
o  form  towers.  These  columns,,  with  the  exoeption  of  the  built-i^  shapes 
.t  the  strut  crossings,  are  of  the  Phoenix  section.  An  18-in.  octagonal  section 
or  the  Phoenix  columns  was  adopted  and  a  24-in.  square  section  was  used  for 
he  sections  at  the  street  crossings. 

With  the  exception  of  the  bases,  which  were  poured  by  hand,  each  tower 
7as  poured  monoUthically,  using  a  1:3  mortar  reinforced  with  No.  6  spiral 
looping  for  the  Phoenix  columns  and  with  1  in.  square  bars  for  those  at  the 
treet  crossings.  Despite  the  excessive  length  of  the  columns,  the  trouble- 
ome  connecting  struts  with  their  knee  braces,  and  tne  frequent  vibrations 
lue  to  the  regular  traffic,  a  remarkably  smooth  job  was  obtained,  with  faces 
rue  to  line  and  free  from  honeycomb  or  cracks.  In  placing  tue  reinforcement 
;nd  the  forms,  hanging  scaffolds  were  used;  the  steei  gang  on  one  scaffold 
»eing  closely  followed  by  the  carpenter  force  on  another.  The  scaffolds  were 
ised  again  in  the  wrecking. 

The  Ji'ta.  forms  were  cut,  in  sections  of  approximately  14  ft.  so  that  they 
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couM  be  uwd  all  times,  thus  ledudng  tbe  carpenter  cost,  necessarily  Iii^, 
bMsiuB  of  the  eutliits  and  rruning  around  the  atnita  and  iKtenl  braces.    Ttw 
spiral  reintorcement  allhaueh  vetj  rHeeam.  was  comparatiTetr  ei[>uisive 
because  of  (he  "cork  aenw"  fashion  In  which  It  had  to  be  applied.    Ttie 
dperloient  of  using  wire  meah  with  equivalent 
cran  necIiODal  ana  al  eleni.  was  made  and  proved 
less  expenslTe.  fn  labor.    This  test  was  made  near 
tbe  close  of  tbe  job  after  all  the  s[dralB  oen  at 
hand,  and  was  intended  only  for  the  general  Infor- 
mation of  the  contractors. 
^        The  concrete  was  made  with  a  mlier  mounted 
on  a  woric  train  and  the  materials  were  carried  in 
btna  upon  the  car  with  tbe  ntiier.    The  concrete 
was  poured  Into  the  forms  through  spouts  leading 
fiomlbemliertothecolumncapB.    Tfaework  train 
'    was  frequently  interrupted  and  sidetraclced  toi 
psHing  traCac.  but  this  lost  lime  was  used,  as  far 
as  poeslble,  in  reflUing  the  materia]  bins. 

The  coat  of  tbe  work  to  the  contractor,  allowing 
90  cts.  per  bbl.  of  cement  and  SOcts.percu.  yd.  for 
sacd,  was  1 12.45  percu.  yd.  of  coDcrete  or  an  afer- 
£/MV/JWr  age  of  1165  per  tower.     This  cost  includes  the  fol- 

lowing items:  Material  for  concrete;  material  for 
forms;    Jabor    building,    placing,     repairing    and 
T  removing    forms;    labor    iiiacing    reinforcement; 

,1  labor  mixing  and  placing  mortar;  labor  unloading 

*  ■    and  rigging:   equipment;  administration  and  mis- 

^  percentage    basis    with    a   guaranteed    rTiaximmn 

which  closely  apptoiimated  the  actual  cost.     The 
structure  was  completed  in  5  moolha. 
oi-j.  Cost  of  ConslTiictiBg  Three  Single-Track  Coo- 

r>w>r£i^  erete  Arch   Brtdges,    Lake   ChatnplBin  &  MorUh 

V\      ^^—^M,:^   nf  ■aflroad. — The  following  costs,  given  In  Engineer- 

taganij  f orms^Te^cH^   '"R  ™^  Contracting,  June  15,  1910,  by  Eugene 
■teel  columni.  Klapp,  are  for  constructiog  three  reinforced  con- 

crete ar(A  T^hray  bridges  In  the  northern  part 
of  New  York  by  company  forces.    Tbe  prices  of  labor  and  materials  were  aa 

Common  labor,  pep  day 11.30 

Carponter  foreman,  per  day 8,00 

BoH  cajpenUr,  par  dar 3.25 

CommoD  carpenten,  per  day 1 .  75 

Btationaty  enciaeer.  per  day 2 .  00 

■    Foreman  reinforoement,  per  day 2,00 


A  lO-bour  day  nss  worked  for  Bve  days  and  a  nine-hour  day  on  Saturday. 
Tailings  were  used  for  concrete  aggregate  ajid  cost  only  the  freight  and  labor 
tor  loading,  both  of  which  are  Included  in  the  labor  costs  given. 

Lumber  tor  forms  cost  tl8  per  M.  ft,  B.  M.  unploned;  (he  planing  was 
done  on  the  Job  and  Is  Included  in  the  labor  costs  for  forms.  Cement  coat 
S1.20  per  bbl.  after  deducting  credit  for  return  of  bags. 

Bridge  I.— This  bridge  con^sts  of  an  arch  18-fl,  wide,  20  ft.  long  and  24 
ft.  high.    It  WHS  founded  on  earth  and  required  a  spread  footing  12  ft.  wide. 
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le  bridgre  contained  560.7  cu.  yds.  of  concrete  and  was  estimated  to  cost 
,000.     The  actual  itemized  cost  was  as  follows: 

Item  Per  ou.  yd. 

Temporary  constructions —  Total  concrete 

aterials $       10.51  $0,019 

ibor 255.42  0.456 

iscellaneous 525.27  0.936 

Total S    791.20  $  1.410 

Excavation — 

[aterials S        4.12  $0,001 

ibor 374.94  0.668 

Total $    379.06  $  0.669 

Forms — 

[aterials 5 S    923.95  $1,647 

»bor 1.228.92  2.191 

Total $2,152.47  $3,888 

Mixing  Concrete — 

[aterials.  .• $       65. 19  $  0.098 

abor.. 251.73  0.449 

Total $  306.92  $  0.547 

Placing  Concrete — 

[aterials $  135.20  $0,241 

abor $  242.51  0.432 

Total $    377.71  $  0.673 

Reinforcing — 

[aterials $    397.37  $  0.708 

abor 198.34  0.354 

Total $    596.71  $1,062 

ement $    780.75  $  1.392 

uperintendence 312 .  60  0. 667 

A  round  total $5,696.72  $10. 146 

The  concrete  work  proper,  therefore,  cost  as  follows  per  cubic  yard: 

Forms $3,838 

Mixing 0.647 

Placing 0. 678 

Reinforcement 1 .  062 

Cement 1 .392 

Total $7,512 

uperintendence  prorated  say $0 .  445 

Grand  total  $7,967 

In  comment  on  these  figures  it  may  be  noted  that  the  item  "materials'' 
)r  forms  includes  the  lumber  used  in  trestles.  Referring  to  "  miscellaneous  " 
barges  imder  "  preliminary  construction,"  $262.23  of  the  total  were  paid  for 
pedfications  and  plans,,  or  4.6  per  cent  of  the  total  cost.  Superintendence 
ost  BH  per  cent  oi  the  total. 

Bridge  2. — This. bridge,  a  much  simpler  structure  than  Bridge  1,  being 
)unded  on  rock  and  having  plain  abutment  and  wing  walls,  is  a  simple  arch 
4  ft.  wide,  with  footings  9  ft.  wide.  A  feature  of  the  design  is  the  expansion 
9int  placed  across  the  barrel  of  the  arch  about  mid  length.    The  bridge 
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contained  1.804  cu.  yds.  of  concrete  and  its  estimated  cost  was  .$10,500.    The 
actual  itemized  cost  was  as  follows: 

Per  cu.  yd. 
Item  ^  Total  concrete 

Temporary  construction — 

Materials $  60.07  $0,033 

Labor 915.73  0.508 

Miscellaneous ' 796. 10  0. 441 

Total $1,771.90  $0,982 

Excavation — 

Materials $      27.20  $0,015 

Labor 411.84  0.228 

Total $     439.04  $0,243 

Forms —  , 

Materials $    965.91  $0,535 

Labor 1,568.76  0.869 

Total $2,534. 67  $1 .404 

Mixing  concrete — 

Materials $    514.10  *     $0,285 

Labor 572.12  0.316 

Total $1,086.22  $0,601 

Placing  Concrete — 

Materials $       31.25  0.017     - 

Labor 834.09  0.462 

Total $     865.34  $0,479 

Reinforcing — 

Materials. . .  .* $    210. 12  $0. 116 

Labor 56.70  0.031 

Total $     266.82  $0,147 

Cement — 

Materials $1,675.40  $0,928 

Labor 19.91  0.011 

Total $1,695.31  $0,939 

Superintendence. ., $    538.49  $0. 299 

Grand  total $9, 197.79  $4,094 

The  concrete  work  proper,  therefore,  cost  as  follows  per  cubic  yard: 

Forms $1,404 

Mixing 0.601 

Placing 0.479 

Reinforcing 0. 147 

Cement 0.939 

Total 3. 570 

Superintendence  prorated  say 0. 225 

Grand  total $3,795 

In  the  above  items  "materials"  for  forms  include  trestle  lumber  and  "mis- 
cellaneous" charges  include  $262.23  for  plans  and  specifications.  The  charfe 
for  plans  and  specifications  was  2.85  per  cent  and  the  cost  of  superintendosoe 
was  5.85  per  cent  of  the  toal  cost.  The  influence  of  complexity  of  forms  on 
form  costs  and  cost  of  placing  concrete  is  indicated  by  compaiing  these  costs 
'rir  Bridges  1  and  2. 
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Bridge  S. — This  bridge,  founded  on  roclc  just  below  the  surface  is  a  simple 

ch  34  ft.  wide  and  104  ft.  long  and  has  plain  abutments  and  wing  walls.    A 

»table  feature  of  the  design  is  the  extension  upward  of  the  abutment  walls 

form  a  cross  wall  between  spandrel  walls  and  the  bracing  together  of  the 

andrel  walls  by  two  Intermediate  diaphragm  walls.    There  is  an  expansion 

int  across  the  spandrel  walls  over  the  center  pier.    This  bridge  contained 

!20.7  cu.  yds.  of  concrete  and  was  estimated  to  cost  $7,500.    The  actual 

imixed  cost  was  as  follows: 

Per  cu.  yd. 
Item  Total  concrete 

Temporary  construction — 

aterials $      34.71  $0,026 

ibor 186.38  0.141 

iscellaneous 638. 66  0.408 

Total $  759.75  $0,576 

Excavation — 

aterials $  3.77  $0,003 

ibor'. 797.67  0.603 

Total $     800.84  $0,606 

Forms — 

aterials $    912.61  $0,691 

ibor 1,036.49  $0,785 


t 


Total $1 ,949.00  $1 .476 

Mixing  concrete — 

:aterUls $    487.50  $0,869 

ibor 678.04  0.513 

Total. $1,165.54  $0,882 

Placing  concrete—* 

[aterialaT. $         1.05  $0,001 

ibor 510.19  0.886 

Total $    .511.24  $0,887 

Reinforcing — 

[aterUla $    396.83  $0,800 

ibor 45.88  0.035 

Total $     442.71  $0,835 

ement $1,221.20  $0,924 

iperintendence $     176.78  $0,134 

Grand  total. $7,027.06  $5,819 

The  concrete  work  proper,  therefore,  cost  as  follows  per  cubic  yard: 

Forms $1 .  476 

Mixing 0.882 

Placing 0.387 

Reinforcing 0. 335 

Cement 0. 924 

Total $4,004 

Superintendence  prcH^ted  'say i 0 .  100 

Grand  total $4. 104 

As  with  bridges  1  and  2,  materials  for  forms  include  lumber  used  for  trestles, 
he  cost  for  plans  and  specifications  was  $262.23,  and  is  included  under 
miscellaneous"  preliminary  construction  charges.  Plans  and  specifications 
ist  3.7  per  cent  and  superintendence  cost  2.5  per  cent  of  the  total  cost. 
Cost  of  Concretinc  Bridges  ol  C,  M.  &  St  P.  Ry. — The  Chicago,  Milwaukee 
St.  Paul  Ry.,  in  1916,  completed  two  single  track  reinforced  concrete  via- 
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ducts  near  Rosalia,  Wash.,  thereby  repladng  a  «0-ft.  hi|^,  2,100-ft.  long  frame 
trestle.  The  two  bridges  are  separated  by  334  ft.  of  embankment.  The 
easterly  structure  is  composed  of  a  107  ^^ft.  reinforced  concrete  trestle 
abutment,  a  100-ft.  spandrel  arch  span  and  a  79^^ft.  reinforced  concrete 
trestle  abutment.  The  westerly  structure  consists  of  a  77-ft.  reinforced 
concrete  abutment,  three  770-ft.  and  one  68^-ft.  spandrel  arches,  one 
68^-ft.  encased  steel  girder  and  a  combination  trestle  and  U-abutment.  The 
following  description  of  the  concreting  plant  used  on  this  work  is  published  in 


_Cs!Xr^hehut9^      ^#/rv/y/t^A 


C9ment 
hoi/st. 


'Oran^peef  ^e'rrkH' 


Fig.  18. — ^Layout  of  Roealia,  Wash.,  ooncvetiiic  plant. 


Engineering  and  Contracting,  Nov.  22,  1016  and  is  taken  from  the  report 
"Efficient  Methods  of  Handling  Work  and  Men."  submitted  on  Oct.  17.  1916, 
at  the  annual  meeting  of  the  American  Railway  Bridge  and  Building  Associa- 
tion: 

It  was  impracticable  to  place  the  plant  on  the  track  grade,  and,  accordingly, 
it  was  located  under  the  westerly  bridge,  the  layout  being  as  shown  in  Fig.  18. 
The  crushed  rock  and  sand  were  delivered  in  hopper  bottom  cars  and  unloaded 
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iTough  chutes  to  the  ground  below,  and  then  placed  In  storage  piles  by  a 
Iff-leg  derrick  fitted  with  60-ft.  boom  and  orange  peel  bucket.  This  derrick 
ets  so  located  as  to  handle  the  materials  to  the  storage  piles  and  from  there 
hoppers  for  loading  in  small  cars  for  transportation  to  the  mixer.  The 
trrick  was  operated  by  a  double  druni  engine  fitted  with  a  Dake  swinging 
tar  connected  to  a  bullwheel  on  the  base  of  the  mast. 
The  mixer  and  tower  were  placed  on  a  traveling  platfotm  that  could  be 
oved  along  the  north  side  of  the  bridge.  Most  of  the  concrete  was  spouted 
this  way  directly  into  the  forms.  The  concrete  was  elevated  and  the  cars 
•ntaining  the  dry  material  were  hauled  by  a  hoisting  engine  on  the  traveling 
atform.  The  empty  cars  were  pulled  back  to  the  loading  hoppers  by  a 
>imterweight  fastened  to  the  bridge.  The  cement  was  unloaded  into  a  storage 
>use  immediately  imdemeath  the  south  of  the  bridge  by  means  of  an  endless 
ill  with  a  friction  brake  which  enabled  the  lowering  of  the  cement  at  slow 
leed  to  prevent  damage  to  sacks  by  tearing  or  burning.  The  cement  was 
len  wheeled  directly  to  the  cars  as  they  left  the  loading  hoppers. 
The  same  plant  was  used  to  mix  the  concrete  for  the  easterly  bridge.  In 
Js  case,  however,  the  concrete  was  hoisted  into  small  cars  on  a  narrow-gage 
ack  on  the  north  side  of  the  main  line  and  hauled  by  a  gasoline  locomotive, 
oncrete  was  mixed  and  placed  in  the  easterly  bridge  for  as  low  as  34  cts.  per 
1.  yd.  in  this  way,  although  the  average  was  considerably  above  this  on  ac- 
lunt  of  the  inability  to  make  continuous  runs  while  concreting. 
The  steel  reinforcement  was  all  cut  and  bent  on  the  platform  at  the  west 
td  of  the  westerly  bridge  and  lowered  into  place  from  the  track  level.  Port- 
>le  forms  were  also  buOt  at  the  same  point  and  handled  in  the  same  way. 
''ater  was  obtained  from  city  mains  and  in  this  way  the  necessity  of  installing 
pump  was  avoided. 
The  organization  of  the  forces  was  as  follows: 

Per  mo. 

ae  general  foreman , , $150.00 

ae  timekeeper 75 .  00 

Per  10 
hours 

ae  carpenter  foreman S    8. 50 

ae  blacksmith , 3 .  25 

ae  labor-foreman 3 .  00 

wo  sub-foremen 3, 25 

wenty-eix  carpenters » 3 .  00 

wo  enfpneers 3-00 

ae  engineer  (gasoline) 2. 50 

ae  fireman , 2 .  50 

en  carpenter  helpers. , 2 . 25 

wenty-four  laborers. 2.00 

The  size  of  the  crew  varied  considerably  on  account  of  the  difficulty  in 
)taining  men  and  on  account  of  some  delay  in  obtaining  material  at  various 
mes.  During  the  progress  of  the  work  the  average  traffic  was  eight  passen- 
^r  and  about  twelve  freight  trains  per  24  hours.  There  was  an  average  of 
ur  passenger  and  four  freight  trains  on  the  Northern  Pacific  track  under  the 
isterly  bridge;  eight  passenger  and  four  freight  trains  on  the  Spokane  A 
iland  Empire  trades  under  the  westerly  bridge  and  heavy  team  and  auto- 
obile  travel  on  the  state  highway,  so  that  it  was  necessary  to  provide  special 
Isework  in  eadi  case  to  avoid  blocking  traffic. 

The  total  amount  of  concrete  placed  was  5,924  cu.  yd.,  the  average  cost 
;r  cubic  yard  for  labor  and  material  being  $7.56.  The  total  amount  of  rein- 
•rchig"  placed  was  960,000  lb.  at  $1.80  per  100  lb. 


CHAPTER  XVIII 

STEAM  RAILWAYS 

This  chapter  deals  mainly  with  the  construction  and  maintenance  costs  of 
steam  railways.  Costs  of  bridges  and  tunnels  are  given  in  Chapters  XVII  and 
XX  respectively. 

Further  data  on  steam  railway  construction,  maintenance  and  operation 
are  given  in  GUlette's  "  Handbook  of  Cost  Data." 

The  "  Handbook  of  Mechanical  and  Electrical  Cost  Data"  by  Gillette  and 
Dana  gives  costs  of  electric  railway  construction  and .  other  operating  cost 
data  of  use  to  either  or  both  steam  and  electric  railways. 

Approzimate  Costs  of  Rapid-Transit  Lines. — The  following  relative  costs  of 
producing  rapid-transit  structures »  contained  in  a  paper  entitled  "Provisions 
for  Future  Rapid  Transit,"  presented  by  John  Vipond  Davies,  consulting 
engineer,  of  New  York  City,  before  the  National  Conference  on  City  Planning 
at  Toronto,  May  26  to  27»  are  given  in  Engineering  Record,  Jime  6,  1014. 

The  figures  are  given  as  average  costs  for  construction  of  structures  and 
the  installation  of  structural  equipment,  but  without  power  or  rolling  stock. 
They  do  not  include  the  value  o(  property  for  rights  of  way  or  easement  and 
are  given  on  the  basis  of  constructing  a  double  track  railroad  in  each  case,  al- 
though reduced  to  the  cost  pe^  mile. of  single  track: 

Types  of  STRUcrtjKi! 
For  Double  Railway  Trtickt 

Cost  per  mile 
of  single  track 

TroUey  railroad  in  suburban  district,  either  on  i>ublie  roads  or 
private  right  of  way  where  no  paving  is  required,  complete 
with  overhead  troUey  construction,  track  bonded;  all  in 
operating  condition $      25,000 

Trolley  railroad  on  city  streets,  including  asphalt  or  granite 
block  pavement  for  width  of  tracks  and  2  feet  outside  of  tracks: 
complete  with  overhead  trolley  construction,  track  bonded;  all 
in  operating  condition $      42,000 

Underground  trolley  railroad  in  congested  streets  of  a  cfty, 
including  necessary  pavements,  conduits,  etc.,  and  with 
reasonable  allowance  for  changes  of  subsurface  improvem/snts: 

New  York $     126.000 

Washington 49, 600 

Elevated  railroad  of  a  tjrpe  and  for  the  loading  pOTmsssible  to 
meet  requirements  of  Public  Service  Commission  of  New 
York;  complete  with  stations,  contact  rail,  ties  and  track; 
averages $     125,000 

Railroad  in  open  out  similar  to  Bea  Beach  Railroad  of  Brooklyn 
Rapid  Transit  Company  in  Brooklyn,  where  work  is  executed 
with  steam  shovel  and  with  concrete  walls;  averaging  cost  of 
bridges  and  stations  as  part  of  the  cost;  complete  with  contact 
rail,  ties  and  track;  averages $    225,000 

Railroad  on  masonry  viaduct  filled  in  with  stone  ballast,  similar 
to  structure  erected  on  Queens  Boulevard  from  Queensboro 
Bridge  to  Greenpoint,  on  Long  Island,  New  York;  complete 
with  stations,  contact  rail,  ties  and  track;  av(»ages S    3^,000 
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bway  such  fts  the  Fourth  Avenue  Subway  in  Brooklsm,  where 
work  is  unaffected  by  subsurface  improvements,  where  the 
digging  is  easy  and  can  be  done  with  steam  shovel  and  under 
typicfu,  ideal  conditions;  complete  with  structural  and  track 

equipment;  averages $    402,000 

.bway  such  as  the  Broadway  Subway  constructed  in  New 
York  Cit^,  where  the  work  is  very  difficult  and  involves 
extreme  interference  with  subsurface  improvements  of  all 
kinds,  the  support  of  street  surface,  trolley  car  tracks,  under- 
ground trolley  construction,  etc.;  complete  with  structural 

and  track  equipment;  averages $1 ,  190,000 

on  lined  tube  tunnels  imder  waterways  or  below  water  level; 

complete  with  structural  equipment  and  track ;  averages $2 ,  700 ,  000 

In  connection  with  these  costs,  the  difference  in  the  first  cost  of  constnict- 
g  improvements  in  a  city  like  Washington,  where  the  soil  is  advantageous 

excavate,  where  the  streets  are  broad  and  wheie  there  is  no  difficulty  in 
langing  subsufface  improvements,  is  in  marked  contrast  to  the  cost  oi 
lecuting  similar  work  in  a  city  like  New  York,  where  the  material  to  be 
:cavated  is  most  difficult,  where  the  streets  are  congested  and  where  there 
-e  numerous  and  extensive  subsurface  improvements  to  be  cared  for. 

Cost  of  Blevated  Railwasrs  and  Subways. — The  following  notes  are  taken 
om  an  article  by  Maurice  E.  Griest  published  in  Engineering  News,  May  20, 
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Fig.  1. — Effect  of  span-length  on  cost  of  three-track  elevated  railway. 

Relative  Cost  of  Subway  and  Elevated  Lines  with  ballasted  floor  and  with  open 
oor  are  as  follows: 

Cost  of  Subway  and  Elevated  Structure 

Per  lin.  ft. 
of  structure 

'hrec-track  subway $300  to  $500 

.,         .       I     ,       ^j/Solid  floor $200 

hree-track  elevated^Q^^  A^^^ 1125 
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Economic  Span  Length  for  Elevated  Railway. — Fig.  1  is  based  on  the  design 
of  the  3-track  elevated  structure  as  used  by  the  N.  Y.  Rapid  Transit  System. 
The  costs  exclude  track,  stations  and  ducts  and  are  based  on  average  prices 
of  recent  (1914-15)  contracts  as  follows:   ' 

Steel $54.00  per  ton* 

Cast  iron 48 .  00  per  ton 

Concrete 7 .  00  per  cu.  yd. 

Excavation 2. 00  per  cu.  yd. 

Paving 3 .  00  per  sq.  yd. 

*  The  cost  of  steel  makes  up  about  80  per  cent  of  the  cost  of  an  elevated 
structure  exclusive  of  track,  signals  and  station  finish. 

Plate  Girders  ve.  Latticed  Stringers. — Latticed  stringers  are  from  10  to  15% 
lighter  than  plate-girder  stringers  of  the  same  span.  The  cost  of  fabrication 
of  the  latter,  however,  particularly  without  cover-plates,  is  about  10%  less 
than  of  a  latticed  girder  without  connection  plates  and  15%  less  than  of  a 
latticed  girder  with  connection  plates.  The  first  cost,  therefore,  is  prac- 
tically the  same  in  either  case.  Depreciation  and  maintenance  costs  of  plate- 
girder  construction  are  less  than  for  latticed  girders;  details  are  simpler  and 
the  structure  is  more  rigid.     Plate-girder  Stringers  were  therefore  adopted. 

Economic  Weights  of  Rail. — The  foUowing  abstract  of  a  committee  report 
at  the  1920  convention  of  the  Roadmasters'  and  Maintenance  of  Way  Associa- 
tion in  St.  Louis  is  given  in  Engineering  and  Contracting,  Oct.  20,  1920.  The 
piupose  was  to  develop  a  method  by  means  of  which  the  economic  weight  of 
rail  for  various  classes  of  traffic  may  be  determined.  The  actual  values  used 
in  this  discussion  are  not  at  all  theoretical  but  are  based  on  performance. 
However,  it  must  be  understood  that  these  values  actually  represent  what 
must  be  accepted  as  a  particular  problem  and  that  if  the  method  here  devel- 
oped is  applied  it  should  be  done  with  values  determined  to  fit  the  particular 
case  in  question.  The  data  used  by  the  committee  in  making  the  diagram  and 
in  arriving  at  the  conclusions  given  herewith  are  as  follows: 

Cost  of  new  rail  per  ton $       41 .00 

Cost  to  lay  new  rail,  induding  deUvery  to  work,  removing  and  dis- 

fosing  of  old  rail,  per  ton 20.00 

irage  value  of  old  rail,  per  ton 18.00 

Net  cost  new  rail,  per  ton 43.00 

Average  labor  cost  of  rail  maintenance  per  mile  of  track  per  year — 

85-lb.  new  rail — labor  at  40  cts.  per  hour 135.00 

Ditto,  100-lb.  rail 114.00 

Ditto,  130-lb.  rail 86.00 

The  details  of  arriving  at  the  annual  maintenance  cost  of  130-lb.  rail,  con- 
sidering a  life  of  10  years,  are  as  follows: 

Annual  interest  charge  at  $43.00  per  ton $       3.077 

Interest  at  6  per  cent  on  first  cost  of  track  at  $43 $2 .  58 

Taxes  at  1  per  cent  on  first  cost  of  track  at  $43 0.43  3.010 

Interest  at  6  per  cent  and  taxes  at  1  per  cent  on  $18  salvage  per  ton 

when  removed 1 .260 

First  cost  (10-year  life)  per  ton $       7 .  347 

Tons  of  rail  per  mile  of  track  (130-lb.  rail) 204.29 

Annual  charge  per  mile  of  track  based  on  10-year  life 1,501.00 

Annual  cost  (labor  40  cts.  per  hour)  of  maintaining  130-lb.  rail  in  1  mile 

of  track ;.....  86.00 

Annual  cost  of  maintenance,  including  interest,  taxes,  depreciation 

and  labor 1,587.00 
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The  committee  concludes  that  under  shnilar  conditions  of  traffic,  the  life 
f  100-lb.  rail  is  IH  times  that  of  8&-lb.  raU,  and  that  the  life  of  130-lb.  raU 
i  double  that  of  100-lb.  rail.  The  relative  life  of  over  100,000  tons  of  130-lb. 
ail  compared  to  the  life  of  100-lb.  rail  in  the  same  tracks  was  actually  deter- 
lined,  based  on  four  years'  experience  with  the  heavy  rail,  during  which  time 
ver  4,300  tons  of  the  heavy  rail  were  actually  removed  from  trades  on  accoimt 
f  being  worn  put. 

To  allow  for  the  comparatively  short  period  of  time  for  which  the  data 
onceming  heavy  sections  were  taken,  the  relationship  between  the  average 
fe  of  heavy  section  rail  and  100-lb.  rail  was  taken  to  be  2  to  1.  The  data 
onceming  the  relative  life  of  100-lb.  and  85-lb.  rail  were  of  a  more  extended 
nd  broader  nature,  but  had  not  been  kept  in  as  detailed  a  manner. 


S        10       IZ       14       W       i6       ZO 
Ufi  of  Rail  in  Years. 

Fig.  2. — Annual  cost  of  maintenance  for  85-Ib.,  100-lb.  and  130-lb.  raiL 


Fig.  2  shows  the  influence  of  the  relative  life  of  85-lb.,  100-lb  ,  and  130-lb. 
3,il  under  similar  conditions  of  traffic;  that  is,  Unes  representing  the  life  of 
arious  sections  of  rails  under  similar  conditions  of  traffic,  from  which  can 
e  determined  the  difference  in  the  annual  cost  of  maintenance  due  to  different 
iil  sections.  For  example,  suppose  85-lb.  rail  gave  a  life  of  two  years — the 
verage  maintenance  cost  Is  $3,327 — then  100-lb.  rail  should  give  a  life  of  3H 
ears,  with  an  average  maintenance  cost  of  $2,400,  while  130-lb.  rail  should 
ive  a  life  of  7  years  with  an  average  maintenance  cost  of  but  $1,945 — clearly 
case  where  heavy  section  rail  could  be  used  economically  from  a  maintenance 
oint  of  view. 
74 
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As  a  measure  for  the  wear  of  rail  under  various  conditions  of  traffic,  the 
conunittee  decided  on  the  number  of  cars  per  day  passing  over  a  stretch  of 
track  as  the  measure  of  traffic  conditions.  Such  a  unit  closely  reflects  the 
locomotive  tons  and  gross  tons;  the  average  weight  of  cars,  the  average  cars 
per  train  and  average  locomotive  miles  per  train  mile  ordinarily  varying 
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t)etween  narrow  limits  from  month  to  month.    Also  the  average  number  of 
cars  passing  a  particular  i>oint  over  a  stretch  of  track  during  any  period  can 
readily    be    determined    at   any   time    without   elaborate   machinery  or 
anization. 
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To  determine  the  proper  life  to  assign  to  100-lb.  rail  under  various  traflftc 
[conditions,  14  stretcties  of  track  were  selected  for  which  information  concerning 
the  car  movement  and  rail  renewals  was  available.  From  this  information  was 
determined  the  average  life  of  100-lb.  rail  in  each  stretch  of  track.  This  data 
traried  from  417  cars  per  track  per  day  to  1,697  cars  per  track  per  day. 

The  curves  in  Fig.  3  show  that  the  100-lb.  rail  is  economical  for  a  traffic 
3f  not  over  900  cars  per  track  per  day  and  that  for  a  greater  car  movement  the 
130-lb.  rail  is  economical.  As  between  the  100-lb.  rail  and  85-lb.  rail,  the 
lata  would  indicate  that,  on  railroads  using  heavy  power  and  having  a  wide 
range  of  physical  characteristics,  the  85-lb.  rail  is  no  longer  economical,  but 
^hat  modem  railroading  demands  a  100-lb.  rail.  When  traffic  reaches  1,800 
;ars  per  day  over  a  double  track  railroad,  the  point  is  reached  to  consider 
ncreasing  the  weight  of  section  to  about  130  lb. 

Equation  of  Track  Values  for  Equalizing  Lengths  of  Sections  for  Mainte- 
lance  Work. — ^Engineering  and  Contracting,  Oct.  20, 1920,  gives  the  following: 

For  some  years  past  railway  officials  have  been  giving  thought  to  the  matter 
>f  finding  a  way  to  measure,  a(^curately,  the  different  units  of  work  so  as  to  be 
kble  to  equalize  the  sections,  instead  of  making  the  track  sections  of  standard 
ength,  as  has  been  so  generally  the  custom. 

A  committee  report  to  the  Roadmasters'  and  Maintenance  of  Way  Asso- 
ciation at  St.  Louis,  Sept.,  1920  gives  the  results  of  two  questionnaires  sent  out 
ran.,  1920.  The  answers  represent  the  opinion  of  practical  track  men,  engi- 
leers  and  others  and  as  averages  are  believed  to  be  as  near  a  proper  conclu- 
ion  as  it  is  practicable  to  arrive  at.  The  committee  states  that  in  the  main 
t  compares  favorably  with  the  findings  of  several  of  the  large  railroad  systems 
v^hich  recently  made  an  exhaustive  study  for  their  own  information. 

The  questionnaires  follow. 


QUBSTXONNAIRB    No.    1 

Subjects  Replies        Average 

low  many  miles  average  passing  siding  equal  to  one  mile  of 

mainline? , 67  2.76 

low  man^  average  miles  of  storage,  industrial,  or  com- 
mercial siding  equal  to  one  mile  main  line? 67  3 .  84 

low  many  average  main  line  turnouts  equal  to  one  mile 

mainline? 66  15.3 

low  many  average  siding,  yard  or  other  inside  turnouts 

equal  one  mile  of  main  fine? 66  16. 77 

low  many  average  main  line  railroad  crossings  equal  one 

mile  of  main  line? 56  10 .  96 

[ow  many  average  siding  railroad  crossings  equal  one  mile 

of  main  line? 65  19.18 

[ow  many  heavy  traffic,  important  city  street  crossings 

equal  one  mile  of  main  line? 56  9. 20 

[ow  many  (medium)  important  city  street  crossings  equal 

one  mile  of  main  line? •.••••. ^^  14 .  00 

[ow  many  light  traffic  street  crossings  or  outlying  highway 

crossings  equal  one  mile  main  line? 67  20. 90 

[qw  many  average  farm  crossings  or  other  unimportant 

crossings  equal  one  mile  of  main  line? 67  46. 58 

[qw  many  average  stock  chutes  and  pens  equal  one  mile  of 

main  line? 45  17.00 

!ow  many  average  re-icing  stations  equal  one  mile  of  main 

line? .       37  4. 15 

!ow  many  average  watering  stations  equal  one  mile  of  main 

line? 46  6.50 
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How  many  average  interlocking  plants  equal  one  mile  of 

main  line? 61 

How  many  average  cattle  guards  equal  one  mile  of  main 

line? 48 

How  many  average  feet  of  track  in  tunnels  equal  one  mile  <^ 

main  line  outside? 38 

How  many  average  coaling  stations  equal  one  mile  of  main 

line? 47 

How  many  average  fire  or  cinder  cleaning  stations  equal 

one  mile  of  main  line , 47 

How  many  average  station  grounds  equal  to  one  mile  of 

main  line? .  * 62 

How  many  average  automatic  signals  and  incidental  fixtures 

equal  one  mile  of  main  line? 27 

How  many  miles  of  average  fencing  equal  one  mile  of  main 

line? : 48 

How  many  feet  of  ordinary  average  ditching  will  equal  one 

mile  of  main  line? 42 


3.40 

48.00 

2.848 

3.82 

2.47 

6.68 

20.74 

16.07 

10,160 


QUESTIONNAIBE    NO.    2 

Subject  Replies        Ay»«ge 

Assuming  a  double  track  railroad  having  an  average  normal 
gross  tonnage  of  100,000  per  day  or  40  freight  trains, 
20  in  each  direction,  with  an  average  normal  number  of  12 

Eassenger  trains,  using  a  maximum  speed  of  60  miles  per 
our;  grade  generally  level,  3  per  cent  maximum;  line  3 
per  cent  curvature  6  degree  maximum.  What  length  of 
section  should  be  established  at  outlying  points  if  no  such 
conditions  prevail  as  are  listed  in  above  questions? 64  3.68 

What  length  of  section  should  be  established  on  a  single 
track  raihroad,  having  same  curvature  and  gradient,  with 
one-half  the  gross  tonnage  and  one-half  the  number  of 
passenger  trains  listed  above? 52  6.0 

How  much  should  such  sections  be  lengthened  or  shortened 
for  each  25,000  gross  tons  and  two  passenger  trains  dailv 
that  might  be  added  or  taken  off  on  such  double  track 
sections? 36  .914 

How  much  for  a  single  track  section  for  each  12,000  gross 
tons  or  one  passenger  train? 30  .867 

What  difference  should  be  made  in  the  mileage  of  a  double 
track  section  having  motor  cars  as  compared  with  hand 
cars? 28  1.17 

What  on  single  track  sections? 35  1 .  20 


Cost  of  Railway  Track  Reconstruction. — In  Engineering  and  Contracting. 
Sept.  7,  1910,  D.  A.  Wallace  publishes  the  following  records  which  give  the 
cost  per  100  ft.  and  per  mile  for  reconstructing  track  on  two  jobs,  one  in  1906 
and  the  other  in  1908. 

1.  The  work  consisted  in  putting  up  dirt  track  on  crushed  stones,  replacing 
684b.  rail  with  85-lb.  rail  and  renewing  15  ties  per  100  ft.  The  itemized  cost 
was  as  follows,  using  negro  labor  at  $1.25  per  day  and  foreman  at  $60  per 
month: 


Materials:  Per  100  ft. 

2,784  cu.  yds.  stone  at  45  cts $  23 .  71 

Ties  at  35  cts.  f.  o.  b 5.25 

133.577  tons  rails  at  $30 75.32 

Angle  bars  at  64  cts 3 .  87 

Bolts  at  $4.90 1  •  21 

Spikes  at  $3.20 2. 06 

Total  materials $111.42 


Per  mile 

$1,252.80 

277.20 

3,977.13 

204.80 

63.70 

108.80 

$5,884.43 
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Etbor:                                                                                  Per  100  ft.  Per  mile 

Unloading  gtone S    3.11  S     164.25 

Raisins  grade  7  ins 5.53  292.00 

Unload^  ties  at  0.9  cts 0. 14  7 .  13 

Applying  ties  at  10.4  cts 1.56  82.37 

Unloading  rails 0.18  9.60 

Unloading  fastenings 0. 01  0. 53 

Lasring  rails.. 3.46  184.00 

Stone  surfacing,  3  ins.,  2  ins.,  raise 7 .  50  396 .  00 

Unbolting  old  rails 0.18  9.76 

Loading  old  rails 0.44  23.25 

Stripping  track 1 . 25  66.00 

Total  labor S  23.36  $1,234.88 

Grand  total $134.78  7,119.31 

Credit  9.15  tons  old  rails  at  $16 $  27.33  $1,464.32 


Net  cost $107.45  $5,654.99 

2.  The  work  comprised  5  miles  of  track,  21  years  old,  50  per  cent  of  which 
insisted  of  6°  curves.  The  track  had  about  4  ins.  napped  stone  under  the 
3S  and  spaces  between  the  ties  filled  in  with  enough  coarse  rock  to  prevent 
mching  of  the  ties.  The  rail  was  30-ft.,  56-lb.  and  had  been  in  service  21 
jars.  Approximately  7  ties  per  rail  were  broken  oflf  or  decayed.  The  rails 
ere  replaced  with  33-ft.,  70-lb.  rails,  joint  ties  spaced,  and  8  months  later 
le  track  was  raised,  6  ins.  in  gravel  unloaded  from  hopper  bottom  coal  cars 
:  a  cost  of  15  cts.  per  cu.  yd.  on  cars  at  pit  and  15  cts.  per  cu.  yd.  for  a  haul 
'  80  miles,  making  a  total  cost  of  30  cts.  per  cu.  yd.  on  the  ground.  About 
>  ties  per  100  ft.  were  renewed.  Negro  labor  at  $1.25  per  day  and  foreman 
$76  per  month  were  employed.     The  cost  of  the  work  was  as  follows : 

[ateria.ls:  Per  100  ft.  Per  mile 

110  tons  70-lb.  rail $66.66  $3,520.00 

Angle  bars  at  70  cts.  per  pair 4.85  256.00 

4M-in.  bolta  at  $5 0. 05  30. 00 

Spikes  at  $4 1.13  60.00 

1,000  cu.  yds.  ballast  at  30  cts 5 .  68  300 .  00 

1,320  ties  at  31  cts 7.75  409.20 

Total  materials $86.12  $4,575.20 

ibor:  Per  100  ft.  Per  mile 

Unloa^ngrail $0.40           $       26.05 

Unloading  fastenings 0 .  25 

Curving  rail 0.55  28.66 

Distributing  by  push  car 0 .  27  14 .  59 

Layin«[rail 2.83  149.80 

Surfacing  first  raise  4  ins 1 .  94  102 .  50 

Smoothing  second  raise 1 .  37  72 .  50 

Dressing  ballast 2.27  119.85 

Unloading  ties  at  1.6  cts 0.40  21.12 

Applying  ties  at  10.7  cts 2. 67  141 . 24 

Loading  and  unloading  old  rails 0.75  39 .  77 

Totel  labor $13.45  $     716.33 

Grand  total $99.57  $5,291.53 

Credit  88  tons  old  rail  at  $24 $  4 . 00  $2 , 1 12. 00 

Net  cost. $95.57  $3,179.53 

Prices  Used  in  the  Valuation  of  Railways  in  Nebraska. — E.  C.  Hurd, 
igineer  of  Valuation,  Nebraska  State  Railway  Commission  gives  the  foUow- 
g  data  in  Engineering  and  Contracting,  July  31,  1912. 
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Table  1  shows  the  unit  prices  which  were  very  largely  used  for  reproduction. 
The  unit  prices  for  all  material  arriving  from  the  east  includes  commercial 
freight  charges  to  the  Missouri  River  gateways.  The  western  products, 
namely  that  of  lumber,  were  delivered  to  any  point  of  the  state  on  a  flat 
commercial  rate,  while  rail  material  from  Colorado  is  estimated  delivery  at 
Denver  commercial  rates. 

The  Nebraska  timber  and  soil  conditions  to  be  met  in  railroad  construction 
admit  of  a  nearly  uniform  treatment  for  the  150  miles  in  the  east  part  of  the 
state,  while  some  variance  is  found  in  the  westerly  portion.  Within  the 
easterly  portion  certain  allowance  was  made  necessary  for  clearing  and  grub- 
bing, whereas  in  the  westerly  section  no  allowance  was  made.  The  soil  condi- 
tions are  similar  throughout,  when  cost  of  excavation  is  considered,  and  only 
in  the  westerly  portion  is  there  any  rock  of  consequence. 

Tablb  I. — Roadway  Items — Unit  Pbicbs  fob  1900 

Only  Including  Freight  to  Gateways 
Grading: 

Earthwork,  ordinary,  per  cu.  yd 24  and  26  eta. 

Overhaul  600  feet,  per  cu.  yd IM  cte. 

Earthwork,  terminal,  yards,  etc.,  no  overhaul 30  to  47 H  eta. 

Loose  rock 65  eta. 

SoUd  rock $1 .  00 

Rip  rap,  rough  or  dumped  stone  in  place $  1. 80  to  $2. 20 

Rip  rap,  laid  up  (dry) 4 .  30 

Retaining  walls,  coursed  rubble,  per  cu.  yd 6 .  00  to    11 .  00 

Retaining  walls,  concrete,  per  cu.  yd 7 .  75  to      9 .  00 

Retaining  walls,  brick,  per  cu.  yd 8 .  00 

Dykes,  pile,  brush  or  stone,  per  lin.  ft 10.00  to    13.00 

Dykes,  earth,  per  cu.  yd .40 

Clearing,  per  acre 20. 00 

Grubbing,  per  acre 50 .  00 

Drain  for  wet  cuts,  per  lin.  ft .43 

Indemnity  insurance  on  rock  and  extra  hazardous 6  %  of  labor 

Tunnels: 

^Average  basic  cost  per  lin.  ft.  unlined $125. 00 

Rock  excavation,  per  cu.  yd 4 .  50 

Earth  (Brule  day),  per  cu.  yd 3 .  50 

Shaft  excavation,  per  cu.  yd.  (additional) 3.00 

Timber  lining,  per  M.  B.  M.  in  place 45.00 

Indemnity  insurance 9  %  of  labor 

Note. — But  one  tunnel  owned  by  the  Burlington  Railroad  and  located  at 
Belmont  lies  within  the  state,  excavated  almost  entirely  tlirough  Brule  day, 
length  being  694  feet. 

Bridging : 

PiUng,  ordinary  foundation  and  trestle,  per  lin.  ft.  in  place S       .45 

Piling,  34  feet  and  longer,  per  lin.  ft.  in  place 65  and  .70 

Piling,  sheet,  3-in.  plank,  per  lin.  ft .08 

Timber,  Douglas  fir,  per  M.  B.  M.  in  place 38. 50 

Timber  in  Howe  truss,  per  M.  B.  M.  in  place $43.50-48.00 

Timber  in  piers,  per  M.  B.  M.  in  place 41 .00 

Timber,  creosotea,  per  M.  B.  M.  m  place 45.00 

Masonry : 

Stone,  Ashlar,  per  cu.  yd.  in  place. $  12. CO 

Stone,  coursed  rubble,  per  cu.  yd.  in  place 10 .  00 

Stone,  broken,  per  cu.  yd.  in  place 8.00 

Stone,  dry,  per  cu.  yd.  in  place 6.00 

Stone,  Missouri  River  bridge,  per  cu.  yd.  in  place 25.00 

Stone,  arch  culverts,  per  cu.  yd.  in  place 12.00 

Concrete,  includes  forms,  foundations  and  substructures 9.00 

Concrete,  reinforced,  foundation  and  substructures 11. 00 

Concrete,  Missouri  River  bridge,  foundation  and  substructures 27.00 

Concrete,  culvert  end  walls,  per  cu.  yd 7 .  60 


STEAM  RAILWAYS  1175 

Tablb  1. — Continued 
iry: 

Crete,  arch  culverts,  per  cu.  yd 12. 00 

ndation  excavation,  per  cu.  yd 1 .  00 

5I  girders,  per  net  ton  in  place 75 .  00 

iamt,  per  net  ion  in  place 68 .  00 

88  towers  or  bents,  per  net  ton  in  place 80.00 

Iroad  viaducts,  per  net  ton  in  place ^ 90. 00 

souri  River  bridges,  per  net  ton  in  place 1 15 .  00 

aden  bridge  hardware,  per  lb .03 

af  orcing  bars,  per  lb .03 

le  work,  ordinary,  per  lin.  ft 10.00 

ified  clay  pipe,  sise  6  X  36-in.,  per  lin.  ft.  in  place 37  to  4.00 

aden  Howe  truss,  ezcludin|[  founaation,  72-ft.  spans  in  place,  per  ft.      25 .  00 
oden  Howe  truss,  excluding  foundation.  116- ft.  spans  in  place, 

er  f t 36.00 

oden  Howe  truss,  excluding  foundation,  160-ft.  spans  in  place,  per 

..,  covered 52.00 

de  guard  rails,   two  ends,   complete 935 .  00  to  S  40 .  00 

t  Iron  Pipe  Cxilverts,  without  end  walls,  cost  per  net  ton — 

izes,  in  place S  36.00 

3-in.  diameter,  per  lin.  ft.  in  place 3 .  00 

4-in.  diameter,  per  lin.  ft.  in  place 4. 75 

6-in.  diameter,  per  lin.  ft.  in  place 8. 75 

8-in.  diameter,  per  lin.  ft.   in  place 13 .  50 

t  Iron  Pipe  Syphons,  concrete  ends — 

8-in.  diam.,  per  lin.  ft.  in  place S  5. 75  to  S  6.00 

4-in.  diam.,  per  lin.  ft.  in  place 7.00  to      7.50 

6-in.  diam.,  per  lin.  ft.  in  place 12.00  to    12. 50 

icrete  and  Stone  Arch  Culverts  (semicircular)  complete,  including 
excavation,  foundation  piling,  wings,  forms,  etc. — 

4  ft.  wide  at  spring  line,  per  hn.  ft.  of  barrel S  42 .  00 

6  ft.  wide  at  spring  line,  per  lin.  ft.  of  barrel 50. 00 

8  ft.  wide  at  spring  line,  per  lin.  ft.  of  barrel 60. 00 

0  ft.  wide  at  spring  line,  per  lin.  ft.  of  barrel 80 .  00 

6  ft.  wide  at  spring  line,  per  lin.  ft.  of  barrel 140.00 

0  ft.  wide  at  spring  line,  per  lin.  ft.  of  barrel 180 .  00 

aber  Box  Culverts  (12  X  12-in.  with  2-in.  floor)— 

X  2H-ft.,  per  lin.  ft S     3.75 

X  2-ft.,  per  lin.  ft 4 .  50 

X  3-ft.,  per  lin.  ft 5.00 

X  3-ft.,  per  lin.  ft 6.00 

X  4-ft.,  per  lin.  ft 6.75 

X  4-ft.,  per  lin.  ft 7.75 

X  5-ft.,  per  lin.  ft 8.50 

isouri  white  oak,  standard,  each .70 

Bsouri  oak,  mixed,  each 62H  and  .  65 

rthern  white  oak  (6  X  8  X  8),  each .80 

rthern  white  oak  (7  X  9  X  8),  each. , 1 .00 

rthern  cedar,  each .74 

ithern  cedar,  each .70 

ithern  pine,  each ,80 

ithern  pine,  treated,  each 90  and  .95 

■ck  Hilfe  and  Wyoming  pine,  each .50 

.ck  Hills  and  Wyoming  pine,  treated,  each .65 

uglas  fir,  sawed,  7X9X8,  each 1 .  05 

uglas  fir,  sawed,  7X9X8,  treated,  each 1 .20 

miock,  each .61 

mlock,  treated,  each .76 

Itch  ties,  oak,  per  M.  B.  M 31 .  00 

itch  ties,  fir  or  pine,  per  M.  B.  M 28 .  00 

itch  ties,  fir  or  pine,  treated,  per  M.  B.  M 30 .  00 

dge  ties,  fir.  per  M.  B.  M 26.00 

dge  ties.  oak.  per  M.  B.  M 32.00 

>or  framing  and  placing  bridge  ties,  per  M.  B.  M 16. 00 
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Table  1. — Continued 
RaU: 

At  eastern  gateways,  per  gross  ton 30.76 

At  Denver,  gateway,  per  gross  ton 20.00 

Relayers.  f.o.b.  Omaha,  per  gross  ton .^. 25.00 

Scrap  rail,  per  gross  ton 10.00  to  14.00 

Froi^  and  Switches: 

Rigid  frogs,  material  only,'per  cwt 2.75 

Spring  frogs,  material  only,  per  cwt 2.05 

Switch  points  (15'),  material  only,  per  cwt 4.28 

Crossing  frogs,  material  only,  per  cwt. .' 3.75 

Derails,  each 12. 50 

Average  cost  per  complete  turnout  in  place: 

60               70               75  86 

Weight  of  rail                                               lbs.             lbs.             lbs.  lbs. 

No.  7  frog $04       $103.00     $111.60  $117.00 

No.  0  frog 100         107.00       113.00  120.50 

No.  10  frog 101         100.00       116.00  122.00 

No.  12  frog 100.60       117.00  126.00 

No.  14  frog 114.50       122.00  130.50 

Crossings  placed  at  an  average  of  $65.00  each. 

Track  fastenings  and  other  material: 

Angle  bars  and  base  plates,  per  cwt $     1 .  06 

Continuous  joints  ($1.30  to  $1.00  per  pair),  per  cwt 2. 126 

Track  bolts,  per  keg,  200  lbs 5.06 

Tie  plates,  ordinan^  rigged  or  corrugated,  per  cwt .  126 

Tie  plates,  heavy  flat,  per  cwt , 

Average  cost,  first  mention,  7Mct8.;  second  mention,  12ct8.  each. 

Nut  locks,  K-in-t  per.  1,000 6.00 

Nut  locks,  "H-in.,  per  1,000 6.25 

Rail     braces,     rolled,     each 10  to    .12 

Rail    braces,    cast,    each 12  to    .14 

Spikes,  standard,  per  keg,  200  lbs 3. 76 

Screw  spikes,  per  cwt 2.03 

Bumping  posts,  for  freight  yards,  each 66.00 

Bumping  posts,  for  passenger  yards,  each 80.00 

Ballast: 

Gravel,  Sherman  Hill,  Wyoming,  f.o.b.  pit,  per  cu.  yd $    0. 11 

Gravel,  Atkinson  and  Eureka,  Neb.,  f.o.b.  pit,  per  o«:  yd .16 

Gravel,  Chillicothe,  111.,  f.o.b.  pit,  per  cu.  yd .12 

Gravel,  Oral,  S.  D.,  f.  o.  b.  pit,  per  cu.  yd .16 

Gravel,  Grand  Junction,  la.,  f.  o.  b.  pit,  per  cu.  yd .16 

Gravel,  Cheyenne  River  and  Guernsey,  Wyo.,  f .*o.  b.  pit,  per  cu.  yd . .  .12 
Crushed  stone,  Louisville  and  Meadow,  Neb.,  also  Blue  Springs,  Neb., 

f .  o.  b.  quarry,  per  cu.  yd .66 

Stone  quarry  screenings,  f .  o.  b.  pit,  per  cu.  yd 20H 

'     Slag,  f .  o.  b.  Omaha,  per  cu.  yd .20 

Cinders,  f.  o.  b.  any  division  point,  per  cu.  yd .22 

Sand,  f .  o.  b.  any  pit^  per  cu.  yd .12 

Burnt  clay,  f.  o-  b.  pit,  per  cu.  yd .48 

Average  weight  of  ballast  material  per  cu.  yd.: 

Gravel,  Sherman  Hill,  lbs.  per  cu.  yd 2,060 

Gravel,  all  others,  lbs.  per  cu.  yd 8,200 

Crushed  stone,  lbs.  per  cu.  yd. 2,400 

Cinders,  lbs.  per  cu.  yd 1 ,680 

Burnt  clay,  lbs.  per  cu.  yd 1 ,700 

Slag,  lbs.  per  cu.  yd 8,360 

Sand,  lbs.  per  cu.  yd 8,800 

Track  laying  and  surfacing: 

Laying  track  on  main  fine,  70  to  00-lb.  rail,  including  sidings,  per 

mile $875.00 

Laying  track  on  branch  fines,  52  to  70-lb.  rail,  including  sidings,  per 

mile 310.00 

Placing  additional  switches,  main  fine,  each 20.00 

Placing  additional  switches,  branch  line,  each 15.00 

Above  price  in  track  laying  contemplates  average  H  switch  per  mile. 
Indemnity  insurance,  3yi  per  cent  of  labor. 
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Tamim  l.r—Continued 

Baaed   on   avg. 
Per  6-iii.  ballaat 

track  mile  under  tie 

irfaoing  Main  line         Branch  Line 

h $335  $300 

ters  A  gravel 380  345 

It  clay 553  516 

ihed  stone 620  59«. 

itional  to  above  allowance  on  up-keep  of  track  during  con- 
struction, per  mile $90.00  to  120.00 

dway  tools: 

verage  allowance  per  section  gang  per  set $120. 00 

verage  allowance  per  extra  gang  per  set 600 .  00 

verage  allowance  per  bridge  gang  ^er  set 600.00 

verage  allowance  per  roadmaster  s  inspection  car,  ete.,  each 125.00 

verage  allowance  per  bridge  supervisor  car,  etc.,  each 125.00 

verage  allowance  per  signal  supervisor  car,  etc.,  each 125. 00 

verage  allowance  per  signal  maintainer  car,  etc.,  each 150.00 

cing — Ri^ht  of  way: 

barbed  wires,  32-ft.  panels,  wood  or  wire  sag  lath,  per  fence  mile 128 .  00 

barbed  wires.  16-ft.  panels,  wood  or  wire  sag,  per  fence  mile 160 .  00 

or  each  additional  wire  to  above  add 12 .  50 

attle  guards,  single,  wood  strips,  each 15. 40 

attle  guards,  single,  iron  strips,  each 17 .  50 

arm  gates,  wire,  each 2. 50 

arm  gates,  wood,  each 4 .  30 

arm  gates,  iron,  each 7.00 

ssings  and  signs: 

ak  crossing  planks  in  place,  per  M.  B.  M 34 .  00 

Talks,  board,  per  sq.  ft 10  to     .25 

iTalks,  cinder,  per  sq.  ft 06K 

Talks,  cinder  with  curb,  per  sq.  ft .  125 

Talks,    concrete,   per  sq.   ft 12  to     .14 

Talks,  brick,  per  sq.  ft .  125 

Tood  curbing,  per  fin.  ft 16H 

'rossing  alarms  (electric  automatic),  per  crossing,  each . . .   $200 .  00  to  325 .  00 

Crossing  gates,  per  crossing,  each 255 .  00 

late  towers,  per  crossing,  each 250.00 

[i^hway  crossing  signs  (post  and  2  crossboards),  each 4.50to7.00 

indge,  railroad  crossing  or  station  1  mile  signs,  each 2. 40  to  3. 75 

'ard  Limit,  Slow,  etc.,  each 3 .  50 

'ost  signs,  ordinary,  each 1.50tol.90 

(ridge  warning,  each 19.00 

iridge  and  culvert  numbers,  each 50  to  1 .  75 

srlocking  and  other  signals: 

'his  item  is  too  varied  to  undertake  to  express  an  average,  but  some  of  the 

A  herewith  are  typical: 

Qterlocking  plant,  single  track,  wood  tower,  16  lever,  mechanical . .    $4 ,  800 .  00 

/rossing  gate,  with  signals  and  torpedo  attachment 650.00 

llectrical  block  signals,  single  track,  per  mile 1 ,  150.00 

Electrical  block  signals,  double  track,  per  mile 1 ,  500 .  00 

llectric-gas  signals,  single  track,  per  mile 1 ,210.00 

nterlocking  outlying  switches  with  home  and  distance  signals,  per 

switch,  each 500 .  00 

i'rain  order  signal,  high  mast,  each 120 .  00 

i'rain  order  signal,  box  and  board  on  depot  building,  each. . .    35.00  to  60.00 

egraph  and  telephone  lines: 

)my  a  few  of  the  simpler  telegraph  lines  will  here  be  mentioned. 

-in.  30-ft.  poles,  30  per  mile,  witn  cross  arms,  4  No.  10  wires $194.00 

-in.  30-ft.  poles,  30  per  mile,  with  cross  arms,  6  No.  10  wires 240.00 

>-in.  30-ft.  poles,  30  per  mile,  with  cross  arms,  8  No.  10  wires 292. (X) 

Itation  sets,  ordinary,  each 25.00  to  36.00 

Itation  sets,  complete  quads,  each 135. 00 
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Tabui  1. — ConUnued 

Stati<m  buildinss  and  fixtures: 

Depots,  one  story,  frame,  averages,  per  sq.  ft S1.37H  'to  1 .90 

In  typical  buildings.  16  X  40  ft $    880  to  1 ,000 

In  t3rpical  buildings.  18  X  56  ft 1 ,500  to  1 ,  700 

In  typical  buildings.  20  X  40  ft 1.100  to  1.350 

In  tsrpical  buildings.  20  X  56  ft 1.500  to  1.770 

In  typical  buildings.  20  X  80  ft 2,240  to  2,700 

In  Wiacal  buildings.  24  X  60  ft 2.100  to  2,500 

In  typical  buildings,  24  X  80  ft 2.800  to  3,500 

In  typical  buildings,  24  X  100  ft 3.000  to  3,850 

Depots,  two  story,  frame,  averages  per  sq.  ft $2.    20  to  2.   63 

In  typical  buildings.  20  X  40  ft 1.600  to  1,900 

In  typical  buildings,  22  X  56  ft 2.500  to  3,300 

In  tsrpical  buildings,  22  X  80  ft 3,800  to  4,800 

In  tsrpical  buildings.  24  X  56  ft 2.800  to  3,200 

In  tsrpical  buildings.  24  X  70  ft 3, 100  to  3,800 

In  typical  buUdings,  24  X  90  ft 4,400  to  5.400 

Depot  furniture  and  fixtures-^ 

SmaU  stations $100  to  140 

Medium  stations 250  to  350 

Larger  stations 400  to  600 

Section  dwelling  house»-~ 

1  story,  frame,  per  sq.  ft $1.00  to  1.375 

IH  story,  frame,  per  sq.  ft 1.25  to  1.50 

2  stoiy,  frame,  per  sq.  ft 1.75  to  2. 25 

Water  closets,  coaJ  houses,  etc.,  per  sq.  ft 1.25 

Section  tool  houses,  per  sq.  ft 52  to    .75 

Freight  houses,  frame,  averages  per  sq.  ft 1.25tol.50 

In  typical  buildings,  22  X  64  ft $1 .  600 

In  typical  buildings.  24  X  50  ft 1 ,800 

In  tjrpical  buildings.  24  X  100  ft. . . : 3,000 

In  typical  buildings  (brick),  40  X  80  ft $8,000  to  8,800 

Shops,  eng^e  houses  and  turntables: 

Sn<»  buildings  for  ordinary  diviaon  points  containing  3.000  to  8.000  aq.  ft. 

BridE  and  frame,  per  sq.  ft ^.  10  to  3. 50 

Brick  and  steel,  per  sq.  ft 2.50  to  4.50 

Sh(m  buildings  for  terminals  c<mtaining  30,000  to  60.000  sq.  ft 

Brick  and  frame,  per  sq.  ft $  2.05 

Brick  and  steel.  p«"  sq.  ft 2. 50 

E^Dgine  house,  wood.  65  to  70  ft.  long,  1  stall 2.200.00 

Engine  house,  wood,  65  to  70  ft.  long.  2  stalls 3, 100.00 

Enginehouse.  wood.  65to70ft.long.  Sstalls 4.250.00 

Enginehouse,  wood,  65to70ft.long.  Ostalls 7,800.00 

Engine  house,  wood,  brick  lined — 

65  to  70  ft.         80  to  90  ft. 

Istall $2,800.00         

2stalls 3.500.00         $4,700.00 

SsUlls 4,350.00  

58talk 8.600.00  11.700.00 

8  stalls 13.200.00  17.000.00 

Engine  house,  brick — 

5sUlls 12.600.00  15,000.00 

lOsUUs 19.600.00  94.100.00 

208taUs 44.500.00  48.500.00 

30stall3 65.400.00  78,500.00 

Turntables,  wood.  Gallows  type,  length  50  ft..  e*ch $  1 .250.00 

Turntables,  steel,  permanent  centM-,  60  ft,  each 3,950.00 

Turntables,  steel,  permanent  center,  70  ft,,  eacli 5,760.00 

Turntables,  steel,  permanent  center,  80  ft,,  each 6.950.00 

Water  stations:  Average  cost  found  

32.000-gaL  tank,  wooden  tub  and  tower,  in  place $  1 .  500.00 

50.000-gaL  tank,  wooden  tub  and  tower,  in  place 1,800.00 

65.000-gaL  tank,  steel  tub  and  tower,  in  place 3.750.00 

Wmter  crane.  10  and  12  in.,  with  piping  and  pit  in  place,  each     . .  700.00 

Pumping  plant,  machinery  and  house,  in  place,  each 595.00 

Wittd^Ik,  20-ft.  wheel,  50-ft.  tower,  in  pkce.  each $100  to       550.00 
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stations:    Average  cost  found 

idmiUa,  20-ft.  wheel,  70-ft.  tower,  in  place,  each 650  to      770.00 

>ical  plant,  50,009-gal.  wood  tank,  1  track  outlet,  ordinary 

steam  or  gasoline  pumping  plant,  well  and  piping 4 ,  200 .  00 

>ical  plant,  65,000-gc^l-  steel  tank,  2  stan<^>ipes,  steam  or 

gas<^ne  pumping  plant,  well  and  piping 6,900.00 

stations:  Average  cost  found 

oden  coal  shed,  hand  derrick  and  buckets,  in  place,  each S  1 ,  740 .  00 

A  chute  rWilliams,  White,  Clifton,  Kerr,  etc.). 

o  10  pockets,  40  to  50-ton  capacity 4.860.00 

>ockets,  80-ton  capacity 8,830.00 

pockets,  100  to  200-ton  capacity 12.800.00 

iveyor,  bucket  type,  single,  2  pockets,  100-ton  capacity 7 ,  690 .  00 

iveyor,  bucket  type,  double,  4  pockets,  200-ton  capacity 11 ,880.00 

k .  belt  type  with  scale  hopper,  single,  2  pockets,    100-ton 

apacity 11,880.00 

•pie  car  type,  35  to  50-ton  capacity 9, 130. 00 

>ple  car  type,  150-ton  capacity 10, 580 . 00 

3le  hoist  t3rpe,  4  pockets,  200-ton  capacity 12,060.00 

tllaneous  structures: 

>ck  yards,  average  prices  found  in  place — 

Tence,  per  lin.  ft $    0.5 

Sates,  each 12.00 

Shelter  sheds,  per  sq.  f t .24 

log  sprinklers,  each « 25.00 

""eed  troughs,  each 5. 00 

Jhutes,  single,  each 112. 50 

Dhutes,  double,  each 148.00 

3cale  and  rack,    4-top  capacity,  each 160. 00 

3cale  and  rack,    6-ton  capacity,  each 190 .  00 

Scale  and  rack,  10-ton  capacity,  each 240. 00 

(V^indmills,  small  tank  and  pipe $500  to  750. 00 

Typical  stock  yard,  2  pens,  1  chute,  each 400 .  00 

Additional  pens,  each 125 .  00 

ow  fence,  portable,  12-ft.  panels,  each 7 .  50 

ow  fence,  fixed,  5  ft.  high,  10-ft.  panels,  per  lin.  ft .246 

ow  fence,  fixed,  7  ft.  hi^h,  10-ft.  panels,  per  lin.  ft .315 

ow  fence,  fixed,  12  ft.  high,  10-ft.  panels,  pner  lin.  ft .375 

lil  cranes,  Barker  and  similar  types,  each,  in  place 22.00 

rk  fence,  2  and  3  flues,  in  place,  per  lin.  ft $0.42  to    .45 

•tation  and  solidification  of  roadway:  '■'^ 

ithod  of  determining  cost  of  this  item — 

Cost  of  labor  spread  over  a  period  of  three  years. 

nain  lines — 

■St  class — single  line  roadway,  including  all  appertaining  tracks, 

ser  roadway  mile  per  annum $312 .  00 

;ond  class— -ditto  as  above 240. 00 

)ranch  lines— 

•st  class — 'ditto  as  above 204.00 

jond  class — ditto  as  above 180. 00 

Cost  of  material  account  of  shrinkage  and  subsidence. 

nain  lines — 

.  class — add  to  the  cost  of  grading 3  to  8  % 

class — add  to  the  cost  of  grading 2H  to  6  % 

)ranch  lines — 

class — add  to  the  cost  of  grading 3  to  6  % 

class — add  to  the  cost  of  grading 2  to  4  % 

r  two  or  more  main  line  tracks  and  for  each  track  additional  to  the  first 

:  75  per  cent  of  the  first  track. 

aeering  and  superintendence: 

tire  as  found  within  the  state,  per  roadway  mile $1 ,  034 .  67 

tire  as  found  within  the  state,  per  track  miles 810. 15 

r  cent  of  total  value,  roadway,  equipment,  etc 2. 16  % 
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Net  ton  units  were  adopted  for  locomotives  considering  the  weight  of  the 
engine  loaded  and  the  tender  light.    This  plan  was  adopted  primarily  for  the 
reason  that  the  information  could  in  that  form  be  most  readily  obtained 
from  the  railroad  companies'  records.    As  the  appraisal  progressed,  a  further 
convenience  developed  in  finding  that  the  engine  loaded  increases  in  a  very 
direct  proportion  to  its  net  weight.     In  assembling  the  locomotive  costs, 
further  development  indicated  three  general  classes  by  weight,  the  first  those 
exceeding  100  tons,  the  second  those  from  60  to  100  tons,  and  the  third  all 
those  under  60  tons.    Drawing  finer  lines,  further  subdivisions  have  been 
foimd  in  service  and  utilized  in  some  cases.     Tables  were  prepared  showing 
in  detail  the  methods  used  in  arriving  at  the  cost  per  ton,  and  which  were 
adopted  in  the  appraisal.    One  table  shows  the  average  cost  i)er  ton  for  each 
of  the  three  classes  and  for  each  year,  in  which  these  classes  of  locomotives 
were  built.     In  some  cases,  however,  not  sufficient  data  was  obtainable  to 
give  a  true  average.     In  the  year  1909,  $2,000,000  actual  expenditures  for 
locomotives  was  deemed  sufficient  for  determining  an  average,  and  the  result 
was  a  cost  of  $115.81  per  ton  for  engines  over  100  tons  in  weight.     For  those 
60  to  100  tons  in  weight  only  about  25  instances  were  found,  the  resultant 
costs  represented  thereby  being  $122.70  per  ton,  but  after  careful  perusal  this 
was  not  adopted  as  an  accurate  average.    A  seemingly  more  perfect  average 
was  reached  by  considering  a  much  larger  survey  for  engines  in  the  first  and 
second  mentioned  classes  for  five-year  periods,  ending  1903  and  1909.     From 
this  the  average  cost  of  the  second  mentioned  class  of  engines  was  determined 
to  be  $120.26  per  ton.    The  average  cost  of  engines  of  the  third  class  was 
determined  as  $125.93  per  ton.     The  type  of  locomotive,  whether  for  passen- 
ger, freight  or  switching,  seems  to  evidence  little  difference  in  the  results  of 
cost  j>eT  ton.    Commercial  freight  rates  were  allowed  from  the  eastern  manu- 
facturers to  the  Missouri  River,  but  not  within  the  state,  and  the  freight  east 
of  the  river  was  added  in  addition  to  the  units.     The  first  outfit  of  tools  was  a 
further  charge  in  addition  to  the  miits,  but  extra  tools  and  apparatus  not 
embraced  under  the  classification  was  excluded. 

For  passenger  cars  the  units  adopted  provided  for  the  general  items  of 
construction  and  equipmsnt.  Type  and  size  of  the  car  gave  no  correct  results 
when  the  finish  and  equipment  for  the  vehicle  infiuenoed  the  cost  to  a 
very  large  extent.  The  main  items  on  which  miit  costs  were  based  are  as 
follows: 

1.  Car  bodies,  not  including  trucks,  air  brakes  and  signals;  heating  and 
lighting,  seats,  vestibules,  mail  racks,  dining  car  equipment,  oak  finish  for 
passenger  cars,  painted  for  baggage  and  mail  or  express.  These  were  divided 
into  different  tyx)es,  such  as  baggage,  postal,  combination,  passenger,  dining, 
etc.,  and  costs  were  ascertained  on  the  different  lengths  of  each  class  and  type 
of  construction. 

2.  Trucks,  four  and  six-wheel,  with  cast  and  steel-tired  wheels,  and  for 
each  three  main  sizes  of  journals. 

3.  Automatic  air  signal  and  brake  apparatus  per  car,  with  12-inch,  14-inch 
and  16-inch  cylinders. 

4.  Vestibules,  extra  per  end  for  wide  or  dummy  vestibule  over  open 
platform. 

6.  Heating  apparatus,  cost  per  car,  with  various  types  of  equipment. 

6.  Lighting,  cost  per  car  for  various  types,  and  cost  each  for  the  various 
kinds  of  oil,  gas  and  electric  light  fixtures. 

7.  Seating,  cost  with  various  types  used. 
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Mail  racks,  cost'  each  for  various  types,  in  15,  20,   30   and   60-foot 

ments. 

Smoking  apartment,  cost  where  such  is  installed. 

Dining  car  equipment,  average  cost  per  car,  including  stoves,  ranges, 
erators.  china,  glassware,  linen,  etc. 

Finish,  including  extra  for  mahogany  over  oak. 

Steel  under  frame,  extra  over  wood  under  frame,  for  various  lengths 
rs. 

ditional  to  the  above  percentages  were  obtained,  showipg  the  average 
>f  observation-parlor  and  parlor  cars  over  coaches  of  the  same  description, 
ble  II  gives  the  cost  of  the  reproduction  of  passenger  cars  used  for  the 
appraisal,  although  circumstances  demanded  in  various  instances  specific 
ment. 


Po0ta]  cars 
Standard 
heavy  con- 
struction; 

no 
platforms 


Comb, 
pass.,  bag- 
gage, miJl; 
no  vesti- 
bules 

$5,647 


Pass,  cars 
oak  finish, 
open  plat- 
form; 
toilets 


Tablb  II. — Unit  Prices  on  Passenqeb  Cabs  and  Equipment 

IX  bodies  exclusive  of  trucks,  air  brakes,  signals,  lights,  heating  and  seats, 
having  monitor  roofs,  canvas  covered  and  painted  Pullman,  wood  construo- 
except  as  specified. 

Baggage  cars 
Standard 
heavy  con- 
struction; 

igth  of  no  windows  , 

iy  over  or  Cheaper  no  Cheaper 

d  sills      platforms       design       platforms       design 

'5  ft 

ro  ft.  

56  ft.  $4,117         

35  ft.  5,400 

52  ft.  3,768         

61ft $4,927  

60  ft.  3.656         4,601 

55  ft.  3,543         

54  ft 4,185 

52  ft.  4,556  

50  ft.  3,420         

45  ft 

42  ft.  3,127         $2,115       

41ft 3,881         $2,430 

36  ft.             3,071         2,059  3,769  2,385 
28  ft 3,656  2.295 


3.858 
3,690 

3^566 


$5,288 


4,916 
4.590 


4,173 


»r  70-ft.  bodies,  all  steel,  mahogany^  finish,  wide  vestibiiles. 
>r  70-ft.  bodies,  dining  cars,  oak  nnish 


10.372 
10.764 


Length  of  Apabtmbnts  Found  in  Combination  Cabs 

Length  of  car  Baggage  Mail  Passenger 

75  ft.  15  ft.  30  ft.  25  ft. 

60  ft.  20  ft.  15  ft.  25  ftr 

54  ft.  16  ft.  15  ft.  22  ft. 

Other  sines  relatively  in  proportion. 

Truck  per  car — composite  wood-plated  frames 

33-in.  cast  iron  wheels- —     37-in.  steel  tired  wheels 

ize  of  journals  4- wheel  trucks   6- wheel  trucks   4- wheel  trucks    6- wheel   trucks 

4K  X   8  $731  $1 ,  226  $1 ,  103  $1 .  789 

5X9  833  1,373  1,204  1.935 

5HX10  928  1,467    •  1.300  2,020 

High  speed  automatic  air  brake  and  signal — complete  per  car 

2-inch  cylinder $      81 .  00 

4-inch  cylinder 90.00 

.6-inch  cylinder 108.00 
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Vestibules  extra,  per  end 

Wide  Pullman S    333.00 

Dummy 54.00 

Heating  arrangement 

Direct  steam  heat  equipment  only S     149 .  00 

Steam  heat  with  Baker  heater 360.00 

Passenger  car  wood  or  coal  stove,  each 41 .  00 

Passenger  car  stove,  each 18. 00 

Lighting  apparatus 

Oil  center  lamps,  each $       32. 00 

Acetylene  gas  light  eauipment,  per  car 360. 00 

Acetylene  gas  center  lamp,  each 32.00 

Acetylene  gas  bracket  lamp,  each 2. 60 

Pintsch  gas  equipment,  1  tank 167.00 

Pintsch  gas,  each  additional  tank 81 .  00 

Pintsch  coach  center  lamps,  each 36. 00 

Pintsch  baggage  car  center  lamps,  each 32 .  00 

Pintsch  bracket  lamps,  each 4. 50 

Electric  wiring  only,  with  axle  light  system,  per  baggage  car 171 .00 

Electric  wiring  only,  with  axle  light  system,  per  coach 230.00 

Electric  wiring  only,  with  axle  light  system,  per  dining  car 270.00 

Head  end  dynamo,  train  line  in  conduit  and  train  connection — 

Per  baggage  car 306.00 

Per  coach 365.00 

Per  dining  car 405.00 

Axle  light  system  and  batteries 1 ,325.00 

Single  pendants,  fixtures,  each,  up 1 .  10 

Combination  gas  and  electric  center  lamps,  over  1  gas  lamp,  each. .  16.00 

Elaborate  designs  for  parlor  and  cafe  cars 63.00 

Seating 

Low  back  reversible  coach  seat,  rattan S      20.00 

Low  back  stationary  coach  seat,  rattan 12. 60 

Low  back  reversible  coach  seat,  plush 22. 50 

Low  back  stationary  coach  seat,  plush 14 .  40 

High  back  reversible  coach  seat,  plush 26. 10 

High  back  stationary  coach  seat,  plush 16.20 

High  back  reclining  chairs,  per  chair 38. 25 

Harrison  mail  racks 

For  15-ft.  compartment $       68.50 

For  20-ft.  compartment 100.00 

For  30-ft.  compartment 135.00 

For  60-ft.  compartment 293.00 

Smoking  compartment 

To  seat  nine,  leather  upholstered,  extra $     257.00 

Dining  oar  equipment 

Includes  refrigerators,  ranges,  chairs,  tables,  china,  silver,  glassware, 

linen  and  kitchen  utensils,  average  per  car $3 ,  047 .  00 

Finish,  extra  for  mahogany  over  oak 

For  dining  car,  add $     225.00 

For  60-ft.  coach,  add 144.00 

Steel  underframe  over  wood  underframe 

60-ft.  car,  extra  per  car S     787.00 

70-ft.  car,  extra  per  car 846.00 

Observation  parlor  cars 

Extra  above  all  steel  coaches 12% 

Parlor  cars 

Extra  above  all  steel  coaches 10  % 
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Table  III  gives  the  reproduction  cost  of  freight  equipment  for  one  of  the 
rincipal  properties  operating  in  the  state. 

Table  III. — C.  &  N.  W.  Ry.  Co.'s  Freight  Cars 

Date         Reproduc- 
Class  Size  built  tion  cost 

iox 36'  X    80  Cap.  1907-1903       $     693 

iox 40'  X    80  Cap.  1909-1908  668 

•^urniture 40'  X    60  Cap.  1906  717 

furniture 50' X    60  Cap.  1905  747 

'^lats 40'  X    80  Cap.  1907-1905  620 

^lats 40'  X  100  Cap.  1901  700 

^lats 40'  X    70  Cap.  1902  427 

Gondola 35'  X    80  Cap.  1907-1902  623 

]»ODdoIa 40'XlOOCap.  1909  908 

Jtock 36'  X    60  Cap.  1907-1905  638 

)re 22'  X    80  Cap.  1907  669 

)re 21'  X    80  Cap.  1902-1903  669 

>re 21'  X    80  Cap.  1909  808 

Ballast 36'  X    80  Cap.  1907  927 

Ballast 38'  X    80  Cap.  1905  626 

flefrigerator 34'  X    60  Cap.  1904  871 

Elefrigerator 34'  X    60  Cap.  1906  900 

[Caboose,  standard 1904-1901  834 

:^boose 1909-1905  834 

IlJaboose,  drovers 1909-1901         1 ,280 

Rebuilt  work  equipment,  as  an  average  for  all  properties,  was  determined 
is  follows : 

Box,  bunk  and  outfit  cars,  depreciated  value  per  car $     106.25 

For  re-building 160.00 

$  266.25 
2)inder  cars,  self  dumping,  converted  from  old  flats  or  stock,  depre- 
ciated value  per  car $  89 .  00 

For  re-building 280.00 

$    369.00 

i^ooden  pile  drivers,  built  on  old  flats,  depreciated  value  per  car $     287 .  00 

For  re-building 3,713.00 

$4,000.00 

On  one  of  the  principal  lines^  as  a  fair  example,  the  statement  (Table  IV), 

nvlng  the  value  of  tools  and  special  equipment,  was  determined  for  the  various 

is   of   rolling  stock  and  allowed  in  addition  to  the  units  heretofore 

^'oned: 

Table  IV. — Value  of  Tools  and  Special  Equipment 

Total 

-oad  locomotives,  each $      87 .  27 

■  itch  locomotives,  each 63.67 

Looses,  each 268. 28 

ness  cars,  first  class,  each 1 ,  094 .  29 

\  CSS  cars,  second  class,  each 656 .  57 

vation  electric  lighted  cars,  each 97 .  33 

^.  each 1,626.98 

'.  wood,  each 207.01 

:,  steel,  each 226.32 

each 41 .  76 

each 41.76 

each 98 .  50 

and  mail,  each , 138 .  55 

'nd  passenger,  each * 98 . 98 

'.if  and  passenger,  each 139 .  03 

"»nger,  each 1 14 .  12 

61. -^ 

141 
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For  the  expenditure  of  inspection  and  purchase  at  equipment  there  was 
added  to  each  class  1  per  cent  of  the  cost  in  total,  not  induding  the  freight 
charges.  This  amount  was  fixed  after  having  made  considerable  investiga- 
tion as  to  the  proper  measure  to  be  allowed,  and  was  based  upon  a  number  of 
instances  of  actual  experience. 

Additional  to  the  above  averages  there  was  allowed  commercial  freight  to 
the  state. 

Prices  Used  in  the  Valuation  of  the  New  York,  New  Haven  &  Hartford  R. 
R. — In  the  valuation  of  the  physical  property  of  the  New  York,  New  Haven 
&  Hartford  R.  R.,  under  the  direction  of  Gneorge  F.  Swain,  the  unit  prices 
adopted  were  based  upon  the  average  ruling  prices  for  the  various  elements 
during  the  last  few  years  previous  to  the  appraisal  and  upon  prices  actually 
paid  by  the  railway  company.  From  the  report  on  the  valuation,  £nginee^ 
ing  and  Contracting,  Feb.  21,  1912,  gives  the  following. 

Grading: 

Clearing,  per  acre $       40.00 

Grubbing,  per  acre 160.00 

Earth  excavation,  per  cu.  yd 0.32 

SoUd  rock  excavation,  per  cu.  yd 1 .30 

Solid  rock  excavation,  per  cu.  yd 1 .  15 

Loose  rock  excavation,  per  cu.  yd , 0. 65 

Borrowed  excavation »  .  . .  0. 32 

Ist  class  retaining  wall,  per  cu.  yd 15. 00 

2nd  class  retaining  wall,  per  cu.  yd 8 .  00 

3rd  class  retaining  wall,  per  cu.  yd 6 .  00 

Sodding,  per  sq.  yd 0. 30 

Riprap,  per  cu.  yd 2 .  50 

Piling,  per  lin.  ft 0. 40 

Timber,  per  M.  ft.  B.  M 50.00 

Tunnels: 

Excavation,  per  cu.  yd $         6.00 

2nd  class  masonry,  per  cu.  yd 8 .  00 

Brick  lining,  per  cu.  yd 15.00 

Bridges,  trestles  and  culverts: 

Ist  class  deck  girders,  per  ton $       70.00 

2nd  class  deck  girders,  per  ton \ 60. 00 

Ist  class  tlirough  girders,  per  ton 75.00 

2nd  class  through  girders,  per  ton 65 .  00 

Ist  class  trussed  bridges,  per  ton 80. 00 

Draw  and  lift  bridges,  per  ton 120.00 

Counterweight  bridges,  per  ton 50. 00 

Viaducts,  per  ton 75.00 

How-^  truss  bridges,  per  lin.  ft 90.00 

Timber  trestles,  per  lin.  ft 10.00 

Solid  floor,  per  lin.  ft 12.00 

Stringers,  per  M.  ft.  B.   M 50.00 

I-beam  stringers,  per  ton 50.00 

1st  class  masonry,  per  cu.  yd 15 .00 

2nd  class  masonry,  per  cu.  yd 8.00 

3rd  class  masonry,  per  cu.  yd 6 .00 

Riprap,  per  cu.  yd 2.50 

Paving,  per  sq.  yd 1 .75 

Wet  excavation,  per  cu.  yd 1 .00 

Dry  excavation,  per  cu.  yd 0. 50 

Timber,  per  M.  ft.  B.  M 60.00 

Piling,  per  lin.  ft 0.40 

Bolts,  per  lb 0.05 

Cast  iron  pipe  culvert  to  24  ins.,  per  lin.  It 3.65 

Cast  iron  pipe  culvert  over  24  ins.,  per  lin.  ft 11.00 

Sewer  pipe  culvert  to  24  ins.,  per  lin.  ft 0.85 

Sewer  pipe  culvert  over  24  ins.,  per  lin.  ft 8.^57 
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Q  track,  ]jer  tie $         0. 60 

ags,  per  tie 0 .  45 

chea,  per  M.  ft.  B.  M 22.00 

l«e  floor,  per  lin.  ft 3 .  00 

n  track,  100-lb.  per  mile $4 ,  790 .  00 

n  track,  79-80-Ib.  per  mile 3,830.00 

in  track,  74-78-lb.  per  mile 3, 590. 00 

m  track,  66-72-lb.  per  mile 3,210.00 

in  track,  60-65-lb.  per  mile 2,880. 00 

n«,  over  75-lb.  per  mile .' 3 ,  590 .  00 

ng,  65-75-lb.  per  mile 3,210.00 

ing,  50-65-lb.  per  mile 2,880.00 

and  switches: 

-lb.  rail  turnouts $     223.00 

80-lb.  rail  turnouts 196. 00 

7S-lb.  rail  turnouts 178.00 

72-lb.  rail  turnouts 147 .00 

65-lb.  rail  turnouts 140 .  00 

►-lb.  rail  derails 18. 00 

80-lb.  rail  derails 15 .  00 

65-Ib.  rail  derails 12. 00 

Hb.  rail  sUp 500.00 

80-lb.  rail  slip 300. 00 

•72-lb.  rail  slip 300.00 

k  fastenings,  etc.: 

3-lb.  rail  per  mile  (main  track) $     680 .  00 

-80-lb.  rail  per  mile  (main  track) 430. 00 

-72-lb.  rail  per  mile  (main  track) 397 .  00 

-65-lb.  rail  per  mile  (main  track) 344 . 00 

-lb.  rail  per  mile  (sidin^is) 430 .  00 

-75— lb.  rail  per  mile  (sidings) 397 .  00 

-65-lb.  rail  per  mile  (sidings) 344 .  00 

ist: " 

one,  per  mile $2,900.00 

ravel,  per  mile 1,450.00 

ther  ballast,  per  mile 1 ,000.00 

3k  laying  and  surveying: 

[ain  fine,  per  mile 800 .  00 

dings,  per  mile 600. 00 

cing: 

'^ire,  per  mile 300.00 

ight  board,  per  mile 1 ,  800 .  00 

pen,  -per  mile 1 ,  000 .  00 

tone,  pCT  mile 3 ,000. 00 

ssings  and  signs: 

lattle  guards,  per  pair $       30 .  00 

Umber,  piling,  excavation,  etc.,  as  previously  given. 

lost  of  Grading.  Watauga  &  Yadkin  River  R.  R. — The  following  data  are 
en  from  an  article  by  H.  C.  Landon  published  in  Engineering  and  Contract- 
,  April  1,  1914. 

The  Watauga  &  Yadkin  River  R.  R.  is  a  standard-gage  line  from  North 
Ikesboro,  N.  C,  where  connection  is  made  with  the  Southern  Ry.  to  Boone, 
C,  a  distance  of  52  miles. 

The  methods  followed  in  constiuction  were  rather  unusual,  as  the  company 
s  its  own  contractor.  In  other  words,  the  grading  was  done  largely  by  its 
n  forces  under  the  direction  of  the  Chief  Engineer.  One  small  six-mile 
;tion  was  c(mstructed  by  contract. 

The  profile  of  the  first  30  miles  of  projected  line,  indicated  generally  light 
»rk.    There  were  some  heavy  cuts  and  fills,  but  it  was  not  practicable,  on 
75 
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account  of  poor  roads  and  lack  of  bridges  to  entertain  any  steam  shovel 
proposition,  and  generally  the  cuts  and  fills  were  too  light  to  make  steam 
shovel  operation  economical.  Labor  was  scarce,  and  at  a  premium  ev^y- 
where.  The  plan  was  to  do  the  work  with  the  aid  of  teams,  machines  and 
powder  as  far  as  practicable. 

Equipment. — After  a  careful  study  of  the  projected  profile,  it  was  decided 
to  purchase  the  following  equipment: 

12  IH  cu.  yd.  Troy  wagons  at  $112.50 $1,350.00 

24  drag  scrapers  at  $5.56 • 133. 44 

36  No.  2M  wheel  scrapers  at  $36.75 1 ,323 .  00    • 

1  elevating  grader  at  $920.00 920. 00 

4  2,600  lb.  wagons  at  $55.00 220.00 

8  16  ft.  by  24  ft.  tents  at  $38.63 309. 04 

2  32H  ft.  by  65  ft.  mule  tents  at  $149.30 298. 60 

2  Ingersoll  rock  drillB  at  $312.50 625.00 

1  16  hp.  boiler  on  wheels,  2d  hand,  at  $300 300.00 

10  1  yd.  dump  carts  with  harness  at  $46 460. 00 

4  2  yd.  dump  carts  with  harness  at^ $30 120. 00 

100  steel  wheel  barrows,  3  and  4  ou.'ft.  at  $3.00 300.00 

12  dos.  round  Pt.  D  handle  shovels  at  $5.25 63.00 

4  blacksmith  outfits,  including  a  forge,  anvil  and  other 

tools,  at  $40.00 160.00 

12  doB.  picks  with  handles  at  $400 48.00 

Total $6,630.08 

• 

The  dump  wagons  and  grader  were  only  used  about  two  months  and  did 
fair  work  in  the  territory  where  they  were  used.  They  were  not  used  for  a 
longer  period  on  account  of  inability  to  get  sufficient  mules  and  teams  to 
operate  them. 

Teams. — Before  the  company  started  work,  we  were  advised  that  all  the 
teams  we  would  require  could  be  secured  in  the  community,  but  although  we 
paid  $3  per  day  or  50  cts.  more  than  the  ruling  price,  we  could  only  secure  15 
to  18  teams  and  they  were  not  all  of  the  best  type.  It  was  then  decided  to 
purchase  our  own  mules  and  45  teams  were  purchased  in  the  St.  Louis  market. 
These  were  mules  that  could  pull,  the  average  weight  of  the  animiMa  being 
over  1,225  lbs.  These  teams  were  in  almost  continuous  daily  service  from 
Aug.  1.  1912,  to  June,  1913.  Only  two  mules  were  lost  and  it  is  estimated 
that  there  was  not  over  5  per  cent  lost  time  for  the  mules  in  service.  Our 
cost  of  feeding  the  mules  averaged  95  cts.  per  team  per  day.  For  all  camps 
hay  averaged  $25  per  ton  and  oats  57 H  cts.  per  bushel  delivered  at  the  camps. 

On  June  1,  1913,  the  work  was  shut  down  for  short  time.  At  that  time  had 
our  mules  gone  on  the  market  they  would  have  broxight  more  than  they  cost, 
as  their  condition  was  excellent,  due  to  their  excellent  care.  It  was  the 
theory  of  the  company  that  only  from  well  fed  and  well  kept  teams  could 
satisfactory  efficiency  be  secured.  The  teams  were  taken  care  of  by  a  com- 
petent stable  boss.  A  supply  of  necessary  remedies  and  an  emergency  case 
were  kept  at  each  camp.  The  fact  that  there  was  not  over  5  per  cent  lost 
time  for  the  teams  explains  the  low  price  and  rapid  progress. 

EARTH    EXCAVATION 

Organization  of  Forces. — It  was  realized  that  in  order  to  secure  effidency. 
the  organization  of  the  various  forces  should  be  fixed.  These  forces  were 
called  "  Standard  "  and  only  varied  when  it  was  shown  that  the  nature  of  the 
work  demanded  it.    Thus  the  Standard  wheel  scraper  force  was  as  foUowi 
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>r  hauls  not  exceeding  300  ft.:  6  wheel  scrapers  with  teams  and  drivers,  2 
;ams  to  plows,  1  snatch  team,  1  man  dumping,  1  loader,  1  wheeler,  1  water- 
oy,  when  required,  and  1  foreman. 

When  the  haul  increased  the  number  of  wheel  scrapers  was  increased,  in 
rder  to  keep  the  snatch  team  and  other  laborers  busy.  This  was  very  closely 
atched  by  the  foremen  of  the  various  gangs,  in  order  to  Iceep  up  their  records, 
3  every  dumper  was  supplied  with  a  counter  and  the  day's  work  reported. 
1  this  way,  a  very  close  estimate  could  be  made  of  the  yardage  moved. 

The  "  Standard"  drag  scraper  force  consisted  of  6  scrapers,  with  teams  and 
rivers,  2  teams  to  plow,  1  dumper,  1  loader,  who  acted  as  foreman,  and  1 
aterboy. 

The  drag  scraper  work  and  the  wheel  scraper  work  were  watched  with 
reat  care  to  determine  the  economical  haul.  The  drag  scraper  is  very  effl- 
ent  and  very  useful  for  very  short  hauls  only.  Observation  of  the  various 
auls  up  to  200  ft.,  fully  demonstrated  the  fact  that  for  a  distance  of  over  100 
..  the  drag  scraper  was  an  expensive  implement.  Under  100  ft.  it  will  do 
ficient  work.  Wheel  scrapers  ordinarily  can  be  used  where  the  drags  can, 
ad  had  the  advantage  in  making  about  the  same  speed  with  about  five  times 
le  load.  As  a  general  proposition,  only  a  few  drags  should  be  used  on  work 
F  this  character.  Their  advantage  is  in  their  cheapness  and  for  a  small 
mount  of  work  with  short  hauls  the  drag  scraper  might  be  desirable  equip- 
lent.  A  gang  of  wheelbarrow  men  properly  handled  will  do  work  about  as 
leap  as  a  drag  and  in  some  instances  at  less  expense. 

Cost  of  Drag  Scraper  Excavation. — ^Assuming  the  haul  for  a  drag  scraper  to 
e  100  ft.,  a  lively  mule  team  to  a  scraper  will  not  make  over  1.3  miles  per 
our  on  account  of  the  frequent  turns  and  loading,  or  about  6,900  ft.  per  hour, 
'his  will  be  at  the  rate  of  3.45  cu.  yds.  per  hour  or  34H  cu.  yds.  per  10-hpur 
ay  per  team.  With  a  "Standard"  drag  scraper  force  and  teams  at  $3  per 
ay,  8  drags  will  handle  27.G  cu.  yds.  each  per  10-hour  day,  at  a  total  labor 
y^^t  of  ^7.50,  or  nearly  14  cts.  per  cubic  yard.  With  a  haul  of  from  60  to  76 
..  the  cost  will  not  exceed  12  cts.  per  cubic  yard.  Seventy-five  ft.,  therefore, 
lould  be  the  maximum  haul  with  drag  scrapers.  Six  drag  scrapers  with  the 
lorter  haul  were  therefore  established  as  the  maximum  to  use  with  the 
linimum  haul. 

Actual  observation  on  a  110-ft.  haul  with  country  teams,  indicated  that 
nder  the  best  conditions  only  25>^  trips  were  made  per  hour,  or  a  speed  of 
.000  ft.  per  hour.  The  company  teams  which  were  all  well  fed  Missouri 
lules,  made  as  high  as  7,200  ft.  per  hour  with  drag  scrapers  on  a  haul  of  160 
'. 

These  results  were  obtained  under  the  beat  possible  conditions  where  the 
umper  man  counted  and  reported  every  load  and  in  addition  the  teams  were 
ader  my  personal  observation. 

A  few  drag  scrapers  on  every  job  of  similar  character  are  a  good  investment, 
lit  their  number  and  use  should  be  limited.  An  injudicious  foreman  will 
ften  use  them  at  the  company's  expense. 

Our  standard  forces  were  modified  as  the  hauls  increased,  the  number  of 
heelers  increased  to  eight,  and,  possibly,  with  very  long  haul  ten  or  even 
velve  wheelers  could  be  used  to  advantage. 

Cost  of  Wheel  Scraper  Excavation. — In  only  one  instance  did  the  haul  with 
heelers  much  exceed  600  ft.  and  in  this  instance  the  haul  averaged  1,360  ft.; 
!n  wheelers  only  were  available,  but  we  were  able  to  handle  226  cu.  yds. 
t  a  cost  of  23H  cts.  per  yard,  figuring  teams  at  $3.60  per  10-hour  day. 
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although  all  the  teams  which  we  used  actually  only  cost  us  approximately  $3 
per  day. 

-  With  a  haul  of  415  ft.  a  careful  timing  of  the  teams  indicated  that  they  were 
making  f  oiu*  trips  in  20  min.  The  average  of  twelve  trips  per  hour  was  made 
for  the  entire  day.  The  wheelers  were  loaded  to  their  capacity,  and  there- 
fore, an  average  of  nearly  60  cu.  yds.  per  wheeler  was  secured.  The  wheeler 
force  using  only  six  wheelers  cost  ^0  per  day.  The  labor  cost  in  this  case 
did  not  much  exceed  10  cts.  per  yard. 

WhtelharrotD  Excavation. — The  wheelbarrow  when  properly  used  is  a  most 
useful,  necessary,  convenient  and  economical  tool.  Three  tjrpes  of  barrows 
were  purchased :  the  ordinary  railroad  wooden  barrow,  the  wooden  frame 
contractors  barrow,  with  steel  tray,  and  the  all  steel  wheelbarrow  with  one 
piece  tubular  bent  handles.  Barrows  of  3  and  4  cu.  ft.  capacity  were  bought. 
The  barrow  holding  4  cu.  ft.  in  general  seemed  to  suit  our  work  and  could  be 
handled  about  as  easy  as  the  barrow  holding  only  3  cu.  ft.  The  ordinary 
wooden  wheelbarrow  gave  very  poor  service.  We  had  a  few  of  the  barrows 
with  wooden  frames  go  out  of  service,  but  the  all  steel  wheelbarrows  are 
practically  as  good  as  new  after  8  months  fairly  good  service.  The  barrows 
are  painted  when  out  of  service  any  length  of  time. 

For  side-hill  work  and  to  open  grade  points  the  barrow  is  giving  very  effi- 
cient service.  Observation  on  side-hill  work  with  a  gang  of  25  men  huidled 
dirt  at  the  rate  of  eight  wheelbarrows  per  minute  for  an  hour  with  a  haul  of 
21  ft.  This  would  mean  that  they  moved  over  500  cu.  yds.  per  day  in  wheel- 
barrows holding  4  cu.  ft.  Good  runways  were  always  provided,  so  that  the 
loads  could  be  moved  ^vith  the  least  possible  waste  of  energy. 

The  gangs  were  placed  in  the  hands  of  efficient  foremen,  who  taught  the 
men  how  to  handle  the  most  dirt  with  the  least  possible  loss  of  time.  It  was 
endeavored  at  ail  times  to  have  a  standard  gang  of  not  less  than  25  men  under 
each  foreman.  The  work  varied  as  the  conditions  necessitated.  In  some 
cases  much  drilling  was  required,  in  others  none  at  all. 

Coat  of  Dump  Car  and  Cart  Excavation. — Four  small  dump  cars  with  revolv- 
ing bodies  were  found  to  be  convenient  and  useful  in  short  cuts  and  at  the 
approaches  to  the  one  tunnel  that  has  been  built.  These  cars  run  on  a  track 
of  30-in.  gage  and  had  a  capacity  of  2  cu.  yds.  The  cars  were  particularly 
useful  in  small  cuts  and  where  the  haul  was  long.  The  revolving  body  would 
permit  the  car  to  be  dumped  in  building  tlie  fill  ahead  of  it  and  could  be 
dumped  on  the  side  to  widen  the  fill  or  waste  the  material.  Light  rails  not 
being  available  these  cars  were  run  on  a  track  made  of  4  X  4  oak  timbers. 
The  wooden  rails  only  required  a  few  renewals  during  their  six  months  of 
service. 

Dump  carts  can  only  be  used  economically  upon  hauls  about  100  ft.  kmg, 
but  two  of  the  cars  moved  by  mules  would  keep  a  gang  of  10  to  12  shovelers 
continuously  busy — ^where  the  haul  was  from  600  to  700  ft. 

In  one  cut  alone,  it  is  estimated  two  of  these  cars  handled  15,000  cu.  yds. 
of  earth  and  rock,  with  a  maximum  haul  of  650  ft.,  at  a  cost  not  to  exceed 
20  cts.  per  cubic  yard.  The  average  gang,  including  drillers,  was  about  14 
men  and  a  foreman.  Tliis  number  of  men  loaded  about  150  cu.  yds.  per  day 
at  a  labor  cost  of  about  $25  per  day.  It  took  nearly  three  months  to  remove 
the  cut. 

While  dump  carts  should  be  used  for  short  hauls  of  from  100  to  125  ft.,  jret 
they  have  been  used  to  advantage  where  the  maximum  haul  was  250  ft., 
provided  the  roadway  was  kept  in  good  order  and  several  cart*  were  U9ed  to 
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3ep  a  good  sized  gang  moving.  In  one  instance,  six  carts  were  used  in  com- 
[eting  a  fill  and  did  the  work  very  rapidly  where  the  haul  was  approximately 
50  ft.  Six  carts  and  30  laborers  moved  325  cu.  yds.  per  day,  at  an  expense  of 
^proximately  $47  or  about  15  cts.  per  cubic  yard.  As  a  general  proposition 
IT  cost  of  handling  earth  and  roclc  with  dump  carts  and  men  is  about  26  cts. 
sr  cubic  yard,  exclusive  of  explosives. 

BOCK    EXCAVATION 

Methods  of  Using  Explosives. — The  line  as  located  and  the  material  afforded 
splendid  opportunity  for  the  use  of  explosives.  Much  of  the  line  was 
»cated  in  the  side  hills  in  locations  where  heavy  blasts  would  be  made  with- 
at  endangering  life  or  property.  The  proper  using  of  explosives,  however, 
)r  moving  earth  has  been  given,  as  a  general  tiling,  very  little  attention.  The 
!cperienoed  men  that  we  employed  had  only  used  explosives  to  shatter  and 
reak  up  the  rock  or  hard  soil,  so  that  it  could  be  handled  by  either  hand  or 
team  shovels,  and  the  old  powder  men  at  first  tried  to  continue  the  use  oi  that 
lethod.  Much  valuable  time  and  good  powder  were  wasted  before  we  could 
3  improve  the  use  of  powder  that  the  blast  would  move  the  maximum  amount 
f  rock  and  earth  out  of  or  off  from  the  railroad  grade. 

In  all  cases  where  there  were  over  five  holes,  the  battery  was  tested  with  a 
CJieostat  and  every  fuse  and  finally  the  line  was  tested  with  a  galvanometer, 

0  that  no  misfires  occurred.  It  is  not  rare  that  a  faulty  fuse  is  found,  and 
Then  they  do  occur  they  can  cause  annoyance  if  they  are  used. 

Methods  of  Spacing,  Drilling  and  Loading  Blast  Holes. — It  was  difficult  at 
rst  to  get  the  desired  results  as  all  the  old-time-  powder  men  rather  believed 

1  the  single  shot  or  two  or  three  shots  plan,  the  result  being  that  a  poor  show- 
ag  was  made.  I  finally  made  arrangements  with  the  general  foreman  to  lay 
•ut  or  plan  the  blasts  in  the  other  cuts  and  for  some  time  no  heavy  blasting 
703  done  except  under  personal  direction.  The  cuts  were  usually  of  a  length 
irhere  30  or  less  than  30  holes  would  cover  the  portion  of  the  cut  to  be  moved, 
o  that  a  No.  3  blasting  machine  would  explode  the  blast. 

The  holes  were  spaced  on  lines  that  have  since  entered  into  our  general 
[istructions  for  use  of  powder  and  other  explosives.  In  general  where  the 
ut  at  the  center  line  was  over  4  ft.,  and  the  material  earth  or  soft  roclc,  the 
irst  line  of  holes  was  placed  not  more  than  2  ft.  above  the  center  line.  All 
Loles  were  driven  to  a  point  2  ft.  below  grade  and  usually  about  the  same  dis- 
ance  apart  as  the  depth  of  the  hole  to  grade,  except  when  depth  was  greater 
han  15  ft.  The  maximum  distance  apart  was  about  15  ft.  If  the  hillside 
783  steep  and  the  lower  side  of  the  road  bed  at  grade,  one  set  of  holes  was 
ufflcient.  If  the  cut  under  ordinary  circumstances  was  a  through  cut  with 
he  depth  of  cut  2  ft.  or  more  on  the  lower  side,  then  a  lower  set  of  holes  was 
Irilled  parallel  to  the  first  at  the  lower  ditch  line  at  points  midway  between  the 
ipper  holes,  so  that  there  would  be  no  question  about  moving  the  material 
>ut  of  way.  This  will  not  change  materially  the  amount  of  powder  used,  as 
►ne  yard  of  soft  rock  should  be  moved  with  about  2  lbs.  of  powder.  The 
oft  rock  usually  was  decomposed  granite  or  a  Carolina  gneiss  which  was  not 
lard  to  driU. 

The  hard  rock  encountered  was  usually  a  mica  schist.  This  was  very  hard, 
md  in  these  cases  the  upper  line  of  holes  was  placed  on  the  upper  ditch  line 
ind  a  distance  apart  equal  to  the  depth  up  to  10  ft.  No  holes  were  placed 
arther  apart  than  this.  The  lower  holes  were  placed  on  the  lower  ditch  line 
it  the  same  distance  apart  but  intermediate  to  the  upper  line  of  holes. 
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Tbe  amogement  hjMl  to  be  modified  aoxH^iilS  to  ^ 
rock  would  be  found  in  ttae  same  cut  that  was  to  be 
blast.    The  arrangement  of  the  strata  changed  our  ^-_ 
the  strata  we  encountered  was  nearly  yertical  or  leaned 


»  hard  and  aoCt 

demolisiied -by  a  single 

althongti  generally 

siigitfly  to  the 


The  general  tendency  was  to  use  too  much  powder  in  the  soft  rode  or  earth 
and  too  little  in  the  hard  rode  A  careful  estimate  was  made  of  the  quantity 
In  the  cut.  If  soft  rode,  2  lbs.  or  less  were  used  per  yard;  if  hard  rock,  3  lbs. 
per  yard  or  more.  The  general  foreman  in  diarge  f ofiowed  instmctiooB  care- 
fully and  used  good  judgment  in  his  large  tdasts  and  usually  wasted  Toy  little 
or  no  powdo-.  After  he  became  acquainted  with  the  rock  and  the  mistakes, 
mistakes  woe  rare. 

In  aH  the  smaller  diots  that  are  bdng  made,  the  foremen  are  instructed  to 
use  powdo-  judidouaiy.  and  th^y  are  getting  good  resutts  with  a  Tntfimwim 
amount  of  powda.  The  holes  are  made  on  the  cento- line  to  a  point  about  2 
ft.  bdow  the  grade  line  and  are  spaced  a  distance  apart  equal  to  the  depth  of 
theholes.  It  is  found  that  the  holes  drilled  on  the  center  line  and  to  this  dqith 
bdow  the  grade  will  ordinarily  pull  down  the  grade  about  the  amount  desized. 
and  win  not  move  the  earth  too  far  bade  of  the  slope  line  where  soft  rodk  Is 
handled. 

DrOHno  OutfiL — Steam  drills  are  used  with  hard  rode,  whfle  a  lai^e  peromt- 
age  of  the  otho*  holes  are  put  down  by  hand  and  chum  drills.  In  many  piaoes 
dmm  drills  were  successful  in  soft  rock.  In  aH  hard  ro^  steam  driUs  are 
used  when  possible.  The  two  drills  used  wue  the  Ingeisoll  P-24  type  with 
3-in.  QTlinders  6H-in-  stroke.    One  12  h.p.  boiler  supplied  the  two  drilla. 

Coti  of  Bxea^ating  a  Rock  SidekiU  CmI. — Sevoal  large  blasts  haTe  been  sue- 
ceasfully  made  along  the  route  in  sidefaill  cuts  on  diflnent  sections  of  the  line, 
moving  almost  H  cu.  yd.  of  material  fcx*  erery  pound  of  powder  used.  In  one 
cut,  estimated  at  8,000  cu.  yds.,  95  per  cent  of  which  was  solid  rock.  33  holes 
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Ran 
Fia.  4.— >Plaii  of  blast  hdes  in  cut  Sta.  353  to  Su:  357.  W.  ft  R.  Y.  H.  R. 


were  driven  in  two  rows,  the  upper  row  bdng  approcdmately 

extending  2  ft.  below  grade,  while  tiie  lower  holes  were  16  ft 

6  in.  bdow  grade.    The  holes  were  eipanded  or  "sprung 

5  or  6  sticks  of  dynamite  and  then  by  using  25  or  30  stidcs 

was  all  rock  and  the  second  expansion  of  the  holes  was 

is  believed  that  <xie  expanacm  of  the  holes,  using  10  or  12 

would  have  given  better  results,  as  the  second  expansaoo 

holes  rather  than  open  them  up  to  sufficient  sixe.    An 

powder  wasused  in  the  upper  holes  and  13  In  the  lower 

of  this  blast  were  very  satis^MTtory,  378  kegs  of  powder  being 


20  ft.  deep  and 

deep,  extending 

first  by  using 

This  material 

.although  it 

of  dynamite, 

to  fin  the 

of  llk(«sof 

The  results 
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Lilly  7,000  cu.  yds.  of  lock.    A  No.  3  push  down  battery  was  used  in  this 
xplosion,  al^ough  ttds  was  overloading  the  battery  slightly. 

Fig.  4  shows  the  profile  of  the  cut  where  this  blast  was  made  and  a  plan 
bowing  the  location,  q)Acii^  and  arrangement  of  the  33  blast  holes. 

Fig.  5  shows  a  typical  cross-flecti<m  of  the  cut  before  and  after  the  blast  and 
.3  completed.  A  wagon  road  was  shifted  farther  baclc  from  the  river  after 
he  grading  was  done. 

On    a    small   sidehill 
ock    cut   at   Sta.    926, 

loles    were    drilled   by  Excavated  to  this  Une 

land    for  a  blast  made  by  Blast 

rune  16, 1913.    Six  lower 

loles   were   drilled   ap-  Lyicavated  Before 

>roxlmately  4  ft.  down  ^"®  ^'°^^    "^sw.st; 

lill  from  the  center  line  Present  Road 

laving  depths  of  from  7  Rood  -^"^^JS^I^^'?'' 

\o   11   ft.    Three  holes  y^'^0^'M^*'*^ 

^ere    drilled  along  the 
aenter  Une,  and  17  holes    Yadkin  River  /" ^^^^^-'.^y. 

tiaving  depths  of  from  11 

to  18  ft.  were  driUed  at  I^^^vlv i-n^- 

in  average  distance  of  7  Fig.  5. — Cross  section  of  cut  at  Sta.  355  +  34,  W. 

ft.  above  the  center  line.  *  Y-  R-  R.  K. 

All    holes    were  drilled 

Ebbout  2  ft.  below  sub-grade.    The  rock  was  of  hard  grey  character,  and  eight 

sans  of  powder  were  placed  in  most  of  the  deepest  holes,  although  one  hole 

required  eleven  cans.    Three  cans  were  loaded  into  the  shallow  holes.     The 

cost  of  making  the  blast  and  cleaning  out  the  cut,  which  contained  a 

total  of  1,300  cu.  yds.,  was  as  follows,  (the  item  of  $126  being  for  labor  in 

cleaning  out  the  loose  material  left  by  the  blast  and  in  dressing  up  the  cut) : 

Per 
cu.  yd. 

121  cans  powder  at  $1.30 $157.30  $0,121 

160  lbs.  dynamite  at  $0.16 22.50  0.017 

50  20-ft.  fuses 3.40  0.003 

58  16-ft.  fuses 2. 78  0.002 

Labor  driUing  and  loading  holes 135 .00  0 .  104 

Labor,  84  men  at  $1.50.'. 126.00  0.096 

Total $446.98         $0,343 

About  320  ft.  of  holes  were  drilled  at  a  cost  of  approximately  40  cts.  per 
lineal  foot  for  drilling  labor,  which  was  only  0.24  ft.  of  hole  per  cubic  yard  of 
rock  blasted.  Powder  was  used  at  the  rate  of  2.3  lbs.  per  cubic  yard  of  rock 
blasted,  the  springing  of  the  holes  requiring  0.12  lbs.  of  dynamite  per  cubic 
yard  of  rock.  It  was  estimated  that  900  cu.  yds.  of  rock  were  shot  out  of 
the  cut,  so  the  unit  cost  for  clearing  out  and  dressing  the  cut  was  $126  -^  400 
«  $0.31  per  cubic  yard  of  rock  left  i{i  the  cut  after  the  blast.  The  cut  was 
ready  for  track  three  days  after  the  blast  was  fired. 

Co9t  of  Excavating  a  Through  Rock  Cut. — For  the  purpose  Of  comparison  the 
cost  of  excavating  a  through  rock  cut  between  Sta.  1038  +  50  and  Sta.  1041 
is  here  given.  The  material  in  the  cut  was  medium  hard  rock,  much  of  it 
being  mica  schist,  and  amounted  to  2,200  cu.  yds.  Thirty-seven  holes  were 
drilled  and  fired  in  eleven  blasts.    About  28  pop  shots  and  small  shots  were 
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,r^ 


required  for  breaking  up  rode  and  removing  rode  to  a  pc^t  bdow  srade. 
Some  of  the  material  was  removed  by  wheelbarrows  to  the  side  of  tlie  cut. 
but  tbe  greater  portion  was  moved  by  carts  into  a  nearby  fill,  the  haul  being 
about  250  ft.  The  mules  were  owned  by  the  company  but  the  cost  was  esti- 
mated at  $1.50  per  10-hour  day.  The  total  cost  of  excavating  the  cut  was  as 
follows: 

Item 

Mpl*^  and  carts $      47.00  $0,021 

I>abor 1,018.26  0.463 

^xploMvea 174.45  0.079 

Totals $1,239.70         $0,563 


TUNNELS 

One  short  tunnel  was  constructed  having  a  total  length  of  104  ft.  As  the 
rock  was  somewhat  varying:,  in  spots  very  hard  and  at  other  points  loose,  it 
was  necessary  to  line  the  entire  length. 

The  section  adopted  as  shown  by  Fig.  6  is  rather  narrow,  had  it  been  the 

intention  to  maintain  a  per- 
manent tunnel,  but  as  it  is  the 
purpose  to  make  an  open  cut 
at  this  point,  the  smallest  safe 
section  was  adopted.  The 
track  has  a  summit  about  half 
way  through  the  tunnel  whidi 
provides  for  draining  trade 
ditches  to  both  ends. 

Coat. — The  ttmnel  was 
driven  by  hand,  the  entire 
cost  being  $6,730.74,  or  $34.69 
per  foot.  This  is  very  reas- 
onable, taking  into  account 
the  fact  that  very  little  ex- 
perienced labor  could  be 
found.  No  accidents  in  the 
tunnel  proper  occurred.  The 
above  cost  indudes  all  ma- 
terial, explosiyes  and  labor 
in  any  way  connected  with 
the  tunnel.    It  required  39 


Fig.  6. — Section  of  tunnel  and  timber  lining, 
W.  <Sc  Y.  R.  R.  R. 


days  to  drive  the  headings,  and  about  the  same  time  to  drive  the  bendies. 
Labor  was  scarce  and  difficult  to  get. 

Method  of  Using  Powder  Tunnels  for  Excavating  Rock. — The  tunnel  ap- 
proaches contained  approximately  40,000  cu.  yds.  of  earth  and  rock,  75  per 
cent  of  which  was  earth.  Nearly  60  per  cent  of  this  was  moved  by  two  blasts, 
one  on  each  approach;  30,000  lbs.  of  powder  were  used.*  The  powder  in  these 
later  instances  was  placed  in  powder  tunnels  running  about  on  the  ditch  line 
with  branch  tunnels  leading  from  the  main.  The  powder  was  emptied  into 
paper  flour  sacks  and  then  compacted  as  closely  as  possible  in  the  extreme  end 
of  the  main  tunnel  and  branches.  After  the  powder  was  placed,  the  balance 
of  the  tunnel  was  fllled  with  earth  compacted  as  well  as  possible.  The  fusees 
and  lead  lines  in  these  blasts  were  tested  at  every  step  in  the  wiring  of  the  blasts. 

While  effective  and  satisfactory  woris  was  done  by  these  two  blasts  yet  it 
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3  believed  that  by  the  use  of  more  powder  somewhat  differently  placed,  had 
he  dirt  been  better  compacted  at  the  tunnel  mouth  or  had  there  been  a  solid 
tone  or  eonciete  wall  built  across  the  mouth  of  the  tunnel,  or  in  the  tunnel 
text  to  the  powder,  better  results  would  have  been  obtained.  The  powder 
unnels  were  very  dry  and  It  is  not  beUeved  the  powder  would  have  deterior- 
,ted  very  much  during  48  hours  necessary  to  give  a  concrete  wall  time  to  set. 
?he  fact  that  there  was  evidence  of  considerable  force  wasted  at  the  mouth 
•f  the  tunnel  was  evidence  that  tiiere  was  quite  a  waste  of  good  powder. 

ToteU  Amount  and  Average  Coat  of  Bxcavaiion  by  R,  R,  Company  Forcee. — 
Approximately  24  miles  Were  graded  by  company  forces.  The  total  yardage 
Qoved  was  475,052,  of  which  00,688  yards  were  rock.  Labor  cost  including 
xplosives  was  approximately  .12  ct.  per  yard  for  earth  and  36  cts.  for  rock; 
!  13,250  lbs.  of  powder  were  used  and  24,000  lbs.  of  dsmamite. 

It  is  estimated  that  the  powder  moved  from  the  grade,  so  that  no  further 
landling  was  necessary,  at  least  80,000  cu.  yds.  An  additional  large  yardage 
»f  material  was  shaken  up  to  be  loaded  by  wheelers  or  loaded  into  carts  or  cars. 

Cost  of  Raising  Embankment  and  Filling  Trestles  Using  Steam  Shovel. — 
3.  A.  Wallace  gives  the  following  data  in  Engineering  and  Contracting,  July 
50,  1010. 

The  Frisco  line  (C.  S.  N.  O.  A  P.  R.  R.)  from  Beaumont.  Tex.,  to  Baton 
Houge,  La.,  was  built  through  the  Atchafalaya  Swamp  in  alternate  embank- 
nent  and  temporary  trestle.  The  original  plans  were  made  for  continuous 
imbankment  of  station  work,  but  continued  high  water  in  the  swamp  pro- 
libited  50  per  cent  of  the  station  work  and  temporary  trestling  was  resorted 
o  for  filling  in  the  gaps  between  the  embankment  which  had  been  started  or 
lompleted.  The  greater  portion  of  the  grade  was  8  ft.  high.  The  material 
n  the  embankment  was  the  black  giunbo  commonly  encountered  in  Southern 
:^ouisiana  swamps.  The  work  described  consisted  of  raising  the  embankment 
ind  filling  in  the  temporary  trestling.     The  conditions  were  difficult. 

The  track  was  laid  following  closely  behind  the  trestle  gang,  and  frequent 
ise  of  the  track  by  the  bridge  material  train  put  the  track  into  a  very  poor 
condition.  A  great  portion  of  the  embankment  built  by  station  work  was 
)artially  washed  out  by  high  water  leaving  holes  4  ft.  deep  for  15  or  20  ft.  of 
rack.  The  temporary  trestles  stood  12  or  18  ins.  higher  than  the  approaches, 
rhis  condition  was  due  to  the  excessive  settlement  of  the  swamp  soil  when 
)ut  up  by  station  work  and  also  to  heavy  rains.  The  worst  holes  were  cribbed 
ip  with  ties  and  tree  branches  but  even  then  a  great  amount  of  delay  was 
^used  the  unloading  trains  by  derailment  and  trains  breaking  in  two  in  at- 
«mpting  to  get  over  the  bad  places.  It  was  necessary  to  unload  dirt  at  these 
)laoes  before  the  track  could  be  surfaced,  as  the  gumbo  would  not  hold  a  sur- 
'ace  under  one  trainload  of  dirt.  In  many  instances  cars  were  unloaded 
itanding  on  track  18  ins.  out  of  level  and  3  ft.  out  of  surface  in  a  distance  of 
10  ft.  along  the  ralL 

Hart  convertible  cars  were  used  and  were  unloaded  by  Lidgerwood  and 
3low.  Before  dirt  was  unloaded  on  the  fills  it  was  necessary  to  jack  the  track 
jp  out  of  the  gumbo.  It  was  impossible  to  move  the  track  with  No.  6  Bar- 
-ett  jacks  after  the  dirt  was  unloaded.  In  many  instances  it  was  found  neces- 
jary  to  strip  out  the  track  before  it  could  be  lifted  from  the  gumbo  with  12 
No.  6  Barrett  jacks,  resting  on  boards,  per  rail  length.  The  grade  on  embank- 
[nent  was  raised  not  less  than  12  ins.  at  any  point. 

The  unloading  was  planned  so  that  when  the  front  gangs  were  unable  to 
s;et  the  track  in  shape  ahead  of  the  unloading  or  when  they  were  not  able 
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to  care  for  the  dirt  as  fast  as  it  came,  the  unloading  was  done  on  the  trestles, 
and  as  they  were  being  filled  a  gang  was  kept  busy  tamping  the  dirt  in  under 
the  caps  and  stringers.  Following  a  rain,  the  dirt  packed  hard  and* the  caps 
and  stringers  were  removed  by  the  Lidgerwood  and  cable. 

The  shovel  pits  from  which  the  dirt  for  filling  was  taken,  averaged  a  15-ft. 
face  and  1,600  ft.  in  length.  The  dirt  was  a  sandy  clay  compacting  very 
quickly  in  embankment.  The  pit  was  opened  up  along  one  side  of  the  main 
line  and  track  laid  behind  the  shovel  in  the  first  cut  and  used  as  a  loading 
track  for  the  next  cut  of  the  shovel.  More  difficulty  than  usual  was  experi- 
enced in  keeping  the  pit  properly  drained.  Good  drainage  was  very  necessary 
to  take  care  of  the  frequent  and  heavy  rains  common  to  the  country.  Three 
trains  were  used,  1  loading  train,  which  also  handled  the  water  cars  for  the 
shovel,  1  swing  train  which  made  the  run  of  12  miles  to  the  front  in  40  minutes 
and  1  unloading  train.  The  unloading  was  started  12  miles  from  the  pit. 
A  siding  and  water  tank  were  located  there  affording  water  to  the  swing  and 
unloading  trains.  About  25  minutes  were  generally  consumed  there  in  switch- 
ing empties  and  locals. 

The  work  recorded  was  done  from  Sept.  12  to  Oct.  16,  1907.  The  daily 
expenses  were  as  follows: 

Loading,  transporting  and  unloading: 

1  Trainmaster  at  $150  per  mo $     5.00 

3  Conductors. at  $100  per  mo 10. 00 

3  Brakemen  at  $75  per  mo 7 .  50 

3  Brakemen  at  $60  per  mo 6. 00 

3  Engineers  at  $100  per  mo 10.00 

3  Firemen  at  $75  per  mo 7 .  50 

3  Engine  watchmen  at  $60  per  mo 6.00 

1  Hostler  at  $75  per  mo 2. 50 

1  Hostler  helper  at  $1.80  per  day 1 .  80 

1  Steamshovel  engineer  at  $150  per  mo 5.00 

1  Steamshovel  craneman  at  $90  per  mo 3 .  00 

1  Steamshovel  fireman  at  $75  per  mo 2 .  50 

1  Steamshovel  watchman  at  $60  per  mo 2 .  00 

1  Machinist  at  $0.35  per  hour 3. 60 

1  Machinist  helper  at  $1.80  per  day 1 .  80 

1  Blacksmith  at  $0.35  per  hour 3. 50 

1  Blacksmith  helper  at  $0.20  per  hour 2. 00 

1  Car  repairer  at  $0.25  per  hour 2. 50 

1  Car  repairer  at  $0,225  per  hour 2. 25 

1  Carpenter  at  $0,275  per  hour 2 .  75 

1  Pumper  at  $60  per  mo 2 .  00 

1  Lidgerwood  engineer  at  $90  per  mo 3 .  00 

6  Pit  men  at  $2  per  day 12. 00 

.     6  Cableinen  at  $2  per  day 12.00 

Total  wages $116. 10 

20  tons  coal  at  $4 $  80.00 

Supphes 2. 66 

Ice 1.00 

Water  at  50  cts.  per  tank  from  city 2. 00 

10  gals,  gasoline  at  10  cts 1.00 

Total  supplies $  86. 66 

1  Steam  shovel  rent $  10.00 

3  Engines  rent  at  $5.53  per  day 16. 59 

62  Cars  rent  at  50  cts.  per  day 31 .  00 

1  Water  car  rent  at  50  cts.  per  day 0. 60 

1  Spreader  rent  at  $2  per  day 2 .  00 

1  Lidgerwood  rent  at  $5  per  day 5.00 

Total  plant  rental $  65. 09 

Add  10  %  super,  and  5  %  misc $  40.15 

Grand  total $307.90 

Note. — The  5  %  misc.  includes  overtime,  etc. 
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ng  the  total  period  of  35  days,  the  total  time  lost  due  to  Sundays,  rain, 
B  as  follows: 

Sundays 5.0    days 

Rain  or  mud 2. 18  days 

Moving 1.6    days 

Shovel  breaking  down  bank 0. 25  days 

Failure  of  transportation 0. 22  days 

Total 9. 25  days 

this  total  of  9.25  days,  6  days  are  accounted  for  by  5  Sundays  and  1  day 

ig  from  job. 

i  total  cost  of  the  work,  $14,178,  was  made  up  as  follows: 

Pitmen  at  $75  per  mo.  and  $1.75  per  day $      727 

Labor   at  the  front  at  same  rates  as  pitmen \  . . . .  3 ,  510 

Steam  shovel  29  days  at  $308 8. 932 

5  days  at'  200 1 ,000 

$14,178 

t  cross-section  showed  a  yardage  of  35,445  removed  thus  making  the  cost 
«.  per  cu.  yd. 

ragline  Bucket  Eliminates  Maintenance  of  Track  in  Cuts. — The  following 
is  taken  from  Engineering  and  Contracting,  Jan.  16,  1918. 
L  planning  methods  of  excavating  railway  or  canal  cuts,  sight  should  not 
3et  of  the  cost  of  laying  and  maintaining  tracks  over  which  the  spoil  is 
led  away.  This  cost  mounts  rapidly  where  the  bottom  of  a  cut  is  wet 
difficult  to  drain.  In  such  cases  it  is  frequently  economic  to  use  a  drag- 
excavator  instead  of  a  steam  shovel,  for  both  the  track  for  the  excavator 
for  the  muck  train  can  be  laid  on  the  siuf ace  of  the  ground  instead  of  in 
bottom  of  a  wet  cut. 

a  making  a  cut  for  the  Nickel  Plate  Ry.  in  Cleveland,  the  contractor, 
Ish  Construction  Co.  of  Davenport,  used  a  175-ton  Marion  dragline  with  a 
^ft.  boom  and  a  5-yd.  Page  bucket.  Working  two  11-hr.  shifts  daily  the 
gline  averaged  3,600  cu.  yd.  every  24  hrs.  where  there  were  no  delays. 
e  earth,  a  sandy  clay,  was  loaded  into  12-yd.  Western  cars.  The  bottom 
Ith  of  the  cut  was  72  ft.  and  the  maximum  depth  was  24  ft.  The  dragline 
;  on  both  sides  of  itself  as  well  as  behind,  and  then  moved  back  30  ft., 
•eating  this  operation  again  and  again. 

Costs  of  Railway  Ditching  by  Various  Methods. — ^An  interesting  comparison 
costs  at  1918  prices  of  cleaning  railway  ditches  by  different  methods  was 
^en  in  a  committee  report  at  the  1919  annual  meeting  of  the  Roadmasters' 
d  Maintenance  of  Way  Association  in  Chicago.  The  following  data  given 
Engineering  and  Contracting,  Dec.  17,  1919,  are  from  this  report  and  are 
r  single  track  lines  with  six  trains  during  working  hours;  roadbed  in  soft 
ly;  ditches  7  ft.  from  rails,  3  ft.  wide  and  2  ft.  deep. 

Output  Cost 

per  aay,  per 

Method  cu.  yd.  cu.  yd. 

itcher  of  steam-ehovel  tsrpe,  on  cars 224  $0. 4130 

;eam  ditcher  of  dragH9craper  tsrpe 252  .  4034 

uah  cars  and  laborers 38K  •  5862 

ar  barrows  and  laborers 13  .  7670 

^heelbanows  and  laborers 19  .7142 

asting  or  shoveling 38H  "  .3525 


1196  HANDBOOK  OF  CONSTRUCTION  COST 

The  unit  costs  for  the  various  methods  follow: 

Ditcher  of  steam  shovel  type  on  cars:  Per  day 

Ditch  labor $  18.90 

Work  train  labor 23 .  86 

Rental  of  equipment 31 .00 

Maintenance  of  equipment. . : 1 . 45 

SuppUes 12.80 

Total  (224  cu.  yd.  at  41.3  cts.) $  92. 51 

Steam  ditcher  of  drag  scraper  type: 

Ditch  labor $  31 .75 

Work  train  labor 28.36 

Rental  of  equipment 30. 00 

Maintenance  of  equipment .93 

Supplies 10.62 

Total  (252  cu.  yd.  at  40.3  cts.) $101.66 

Two  push  cars  and  hand  labor: 

1  foreman  at  $83 $     2.77 

11  laborers  at  $2.25 19.80 

Total  (38K  cu.  yd.  at  58.6  cts.) $  22.57 

Car  barrows  and  hand  labor: 

1  foreman $     2 .  77 

4  laborers  at  $1.80 7 .  20 

Total  (13  cu.  yd.  at  76.7  cts.) $  9.97 

Wheelbarrows  and  hand  labor: 

1  foreman -.  . . .   $  2 .  77 

6  laborers  at  $1.80 10.80 

Total  (19  cu.  yd.  at  71.4  cts.) $  13. 57 

Casting  or  shoveUng: 

1  foremen $     2. 77 

6  laborers  at  $1.80 10. 80 

Total  (38H  cu.  yd.  at  36.2  cts.) $  13.57 

Cost  of  Steam  Shovel  Work  Loading  Into  Cars  for  Railway  Ballasting  and 
Grading. — D.  A.  Wallace  gives  the  following  data  in  Engineering  and  Con- 
tracting, July  27,  1910. 

Slag  for  Ballasting. — This  slag  was  loaded  by  a  45-ton  shovel  working 
against  a  20-ft.  face,  into  cars  placed  on  a  spin*  toack  on  a  3  per  cent  grade. 
The  grade  permitted  the  spotting  of  cars  by  hand  while  t^  engine  was  unload- 
ing the  loaded  cars.  The  greatest  haul  was  4  miles.  There  was  no  delay  to 
the  slag  train  due  to  meeting  revenue  trains.  The  slag  was  in  alternate  vitri- 
fied and  spongy  layers.  The  use  of  the  light  shovd  necessitated  some  use 
of  powder  but  fiot  more  than  the  ground  gang  could  driH  the  necessary  holes 
for  and  handle.  Holes  were  drilled  on  an  average  9  ft.  horizontally  into  the 
face  3  ft.  from  the  ground  line  and  about  10  ft.  centers.  Rodgers  ballast  cars 
were  used.  The  size  of  the  slag  permitted  easy  imloading.  The  train  crew 
with  the  help  of  one  of  the  gang  did  the  unloading  and  sweeping  off. 

The  daily  expense  was  as  follows: 

Engineer  @  $125.00  per  month $4. 80 

Craneman  @  $40.00  per  month 3 .  46 

Fireman  @  $60.00  per  month 2. 31 

Foreman  @  $65.00  per  month 2. 60 

6  ground  men  @  $1.25  per  day 7 .  50 

2  tons  coal  at  $2 4 .  00 

Waste  and  oil 0. 60 

Dynamite 0 .  93 

Work  train 26.00 

Total $61.00 
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The  slag  cost  $2  per  car  load  of  40  cu.  yds.  or  6  cts.  per  cu.  yd..    Including 
is  the  cost  of  loading,  hauling  and  unloading  was  as  follows  per  cubic  yard: 

6  care,  240  cu.  yds 10. 262 

7  care,  280  cu.  yds 0. 232 

8  care,  320  cu.  yds 0.209 

9  care,  360  cu.  yds 0. 191 

12  care,  480  cu.  yds 0. 156 

Earth  for  Grade  Raising. — Loose  earth  was  loaded  into  Hart  convertible 
's  spotted  on  the  main  line.  The  shovel  was  cut  in  on  both  sides  of  the 
in  line  and  cuts  were  widened.  A  12-ft.  face  was  worked.  The  dirt  was 
loaded  by  the  railway  company  in  widening  fills  or  grade  raising  just  as  was 
St  convenient,  depending  on  the  progress  of  the  gangs  and  the  time  of 
enue  trains.  The  contractor  was  paid  7  cts.  per  cu.  yd.  pit  measure  for 
t  loaded  on  cars  and  the  following  costs  were  for  loading  alone.  The 
vel  used  was  a  70-ton  Giant  with  a  2-cu.  yd.  dipper. 
Lbout  IH  gals,  of  cylinder  oil  at  40  cts.  per  gallon  were  used  per  day  and 
Eds.  of  blacic  oil  at  10  cts.  per  gallon.    The  daily  expenses  were  as  follows: 

Engineer  @  $150.00  per  month $  6.00 

Craneman  @  $90.00  per  month 3. 60 

Fireman 2.00 

Watchman 1 .  86 

6-ground  hands  @  $1.50  per  day 9.00 

Total  labor $22. 45 

Cylinder  oil $  0. 60 

Black  oil 0. 20 

Waste 0. 10 

1  ton  coal 1 .  50 

Int.  at  6  %  on  $10,000 _  2^00 

Total $26.85 

Grand  total 49,30 

he  shovel  loaded  45  cars  of  24  cu.  yds.  per  car  or  1080  cu.  yds.  per  day, 

ig  a  cost  of  4M  cts.  per  cu.  yd.  "* 

md  for  BaUaat. — Two  sand  pits  were  opened  up,  one  on  each  side  of  the 

1  line,  and  the  lead  track  to  each  pit  was  used  as  a  loading  track.    A  60- 

Marion  shovel  was  cut  into  one  pit  and  a  45-ton  Vulcan  shovel  into  the 

r  pit.     Three  work  trains  were  us6d  for  spotting  cars,  hauling  and  unload- 

Each  crew  handled  different  parts  of  the  work  depending  on  the  arrival 

e  unloading  trains  and  the  speed  of  loading.     One  crew  usually  spotted 

for  both  shovels.     This  was  done  very  easily  because  of  the  frequent 

js  of  the  shovels  due  to  the  shallow  face  of  the  cut.     The  sand  was  a 

;  sand  containing  about  20  per  cent  loam.     It  made  a  very  satisfactory 

3t  for  light  traffic.     Hart  convertible  cars  were  used  and  were  unloaded 

dgerwood  and  plow  on  new  track.    A  large  amount  of  time  was  lost  due 

3  slow  running  necessitated  by  the  very  rough  track. 

e  following  was  the  total  output  of  the  60-ton  Marion  for  22  working 

in  July,  1,076  cars  or  29,008  cu.  yds. 

g  number  of  days  worked  was  22  or  220  hours,  during  which  time  there 

91  hrs.  45  mins.  delays  distributed  as  follows: 

ise-  Hrs.         Mins. 

3g  shovel 23  55 

ng  for  cars 53  10 

ig  car  doors 4  35 

ind  water 5  50 

Iments 3  20 

1  repairs • 0  55 

al Hi  if 


1198  HANDBOOK  OF  CONSTRUCTION  COST 

m 

The  following  was  the  output  of  the  45-ton  Vulcan  shovel  for  7  day's  work. 
236  cars  or  7,670  cu.  yds. 

The  number  of  days  worked  was  7  or  70  hours  during  which  time  the  delays 
amounted  to  49  hrs.  43  mins.  distributed  as  follows: 

Cause                                                                                                    Hrs.  Mins. 

Moving  shovel 7  8 

Waiting  for  cars 28  20 

Tank  repairs 7  0 

Shovel  repairs 7  0 

Derailments 0  15 

Total 49  43 

Summarizing  the  work  of  the  two  shovels  we  l^ive:  . 

Item                                                                                                    60-Ton  45-Ton 

No.  cars  loaded 1 ,  075  235 

Cu.  yds.  loaded 29,008  7,570 

Av.  no.  cars  per  day 43^  33H 

Av.  cu.  yds.  per  day 1,318.5  1,081.4 

Av.  cu.  yds.  per  car 27. 2  32. 2 

The  face  worked  averaged  10  ft.  and  the  haul  was  10  miles. 

In  August  the  two  shovels  worked  more  nearly  the  same  amount  of  time. 
The  total  worldng  time  of  the  60-ton  shovel  was  26  days  or  310  hours  during 
which  time  there  were  the  following  delays: 

60-ton  Marion 

Item                                                                                                       Hrs.  Mins. 

Moving  shovel 43  0 

Waiting  for  cars 82  80 

Waiting  for  laborers 29  0 

Waiting  on  track  work 6  25 

Miscellaneous 10  0 

Total 170  55 

45-ton  Vulcan 

Moving  shovel 35  0 

Waiting  for  cars 45  30 

Waiting  for  laborers 20  0 

Waiting  on  track  work 15  0 

Waiting  for  power 20  0 

Repairing  shovel 27  0 

Miscellaneous 12  0 

Total 174  30 

Summarizing  the  work  of  the  two  shovels  we  have: 

Item                                                                                                 60-ton  45-ton 

l^o.  cars  loaded 1 ,268  1 ,046 

No.  cu.  yds.  loaded 33,486  30,710 

Av.  cu.  yds.  per  day 1 ,272  1 ,  121 

Av.  cars  per  day 48H  40 

Av.  cu.  yds.  per  car i 26H  2SH 

The  total  yardage  for  the  month  for  both  shovels  was  63,196  cu.  yds.  The 
cost  of  loading,  transporting  and  placing  this  material  in  the  track  was  as 
follows: 
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Item  Total  Per  cu.  yd. 

Loading $  1,207.66  $0,019 

Transporting 2.973.74  0.0464 

Surfacing 9,504.71  0.1604 

Fuel  and  supplies 4,761.66  0.0753 

Rental  equipment 3,422.07  0.0541 

Supervision 1,116.30  0.0183 

Total $23,031.03  $0.3635 

The  face  averaged  8  ft.  and  the  haul  was  10  miles. 

Cost  of  Unloading,  Spacing  and  Renewing  Ties. — D.  A.  Wallace  gives  the 
Following  data  in  Engineering  and  Ckmtracting,  Aug.  10,  1910. 

Unloading  Ties. — (1)  Ties  were  unloaded  from  work  train  while  nmnlng, 
with  negro  labor  at  $1.10  per  day  and  foreman  at  $60  per  month.  Work 
train  cost  $25  per  day.  Six  men  unloaded  260  ties  from  a  coal  car  in  30  mins. 
at  the  following  cost: 

Train  service,  30  mins $1 .  04 

Labor,  30  mins 0 .  46 

Total $1.49 

This  gives  a  cost  per  tie  of  0.6  cts. 

Thirteen  men  unloaded  970  ties  from  3  box  cars  in  2  hours.  Four  men  per 
car  were  worked  with  one  to  follow.    The  cost  was  as  follows: 

Train  service,  2  hrs .' $  6. 24 

Labor,  2  hrs 6 .  36 

Total $11 .  69 

This  gives  a  cost  per  tie  of  1.2  ct.  It  will  be  seen  that  it  cost  twice  as 
much  to  unload  from  box  cars  as  from  coal  cars. 

2.  Work  train  unloaded  9  cars  carrying  2100  ties  on  a  run  of  106  miles, 
picking  up  section  gangs  and  unloading  in  spots.  Cars  were  coal  cars  and 
train  was  called  at  6:16  a.  m.  and  tied  up  at  6:16  p.  m.  Negro  labor  at  $1.10 
per  day  and  foreman  at  $60  per  month  were  employed.  The  expense  per  day 
was  as  follows: 

Work  train,  including  coal,  oil,  etc $28 .  80 

Labor 4 .  40 

Foremen 1 .  00 

Total $34.20 

The  train  was  in  service  12  hours  as  follows: 

Fraction 
Hrs.  Mins.  of  day 

Delays 3  36  0. 300 

Unloading  time 2  13  0.184 

Running  time 6  12  0. 616 

Total 12  00  1.00 

The  cost  of  unloading  per  tie  was,  therefore,  as  follows: 

Delays 0.48  ct. 

Unloading  time 0 .  29  ct. 

Running  time 0 .  83  ct. 

Total 1 .  60  cts. 
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Tie  RenewaU. — When  track  is  being  surfaced  out  of  face  in  two  raises  the 
renewal  of  ties  during  the  first  raise  consumes  too  much  time  and  should 
be  done  during  the  second  raise.  The  following  gang  organizations  were 
employed  in  the  work  for  which  the  records  are  given. 

Oood  Surface;  Foreman  and  4  Men;  Not  more  than  $  Ties  to  Be  Removed  at  a 
Place. — Foreman  will  loosen  up  the  spikes  on  4  ties  on  each  side  of  the  tie  that 
is  to  be  removed;  2  men  can  be  used  in  thoroughly  cleaning  the  ballast  from 
around  the  tie  that  is  to  be  removed;  the  other  2  men  should  each  have  a  jack 
to  raise  the  rail,  so  as  to  let  the  tie  come  out  easily,  without  disturbing  the 
general  surface.  The  4  men  should  then  slip  in  the  new  ties,  working  in  pairs. 
The  foreman  should  drive  the  spikes  home  as  soon  as  possible  in  order  to  keep 
the  track  safe,  and  should  dress  up  the  track. 

Foreman  and  6  Men;  Smoothing  Track;  7  or  8  Ties  per  Rail  Length. — Gang 
as  follows:  2  men  with  jacks,  2  men  with  claw  bars,  2  men  pulling  ties  out 
of  track.  Where  3  or  4  ties  together  come  out  the  foreman  i^ould  put  in  the 
middle  tie  and  spike  it  to  keep  the  track  safe.  When  about  20  ties  are  re- 
moved the  gang  should  go  back  and  full-tie  the  track,  care  being  taken  not  to 
disturb  ties  that  are  not  to  be  take  a  out  of  the  track,  even  if  it  is  necessary  to 
loosen  up  the  spikes  on  3  or  4  ties  on  each  side  of  the  tie  to  be  removed. 
Spikes  should  not  be  pulled  all  the  way  out,  and  ties  left  in  track  should  not 
be  raised  more  than  K  in.  Only  20  ties  should  be  removed  at  a  time  before 
new  ties  are  put  in,  for  the  reason  that  the  gang  may  be  picked  up  by  a  work 
train  or  called  away  suddenly  for  some  reason  and  the  work  be  left  in  bad  shape 
for  the  regular  trains.  As  the  new*  ties  are  being  put  in  place  the  gang  can 
smooth  up. 

The  following  are  records  of  tie  renewals: 

1.  An  average  of  4  ties  per  rail  renewed  during  a  7-in.  raise  in  rock  ballast, 
with  Italian  labor  at  $1.25  per  day  and  foreman  at  $60  per  month.  The  ties 
were  7X9  ins.  X  SH  ft.  The  average  was  11  ties  per  man  day;  the  best 
day's  work  was  20  ties  per  man  day. 

The  cost  of  renewing  1  tie  was  $0,104. 

2.  Ties  put  in  during  a  3-in.  raise  in  rock  ballast  by  section  gangs,  with 
negro  labor  at  $1.10  per  day  and  foreman  at  $50  per  month.  Ties  were  6  X 
8  ins.  X  8  ft.  The  best  record  was  19H  ties  per  matrday ;  the  average  was  14 
ties  per  man  day. 

The  cost  of  renewing  1  tie  was  $0.08. 

3.  Ties  renewed  in  rock  ballast  during  a  2-in.  raise  by  section  gangs  work- 
ing negroes  at  $1.10  per  day  and  foreman  at  $50  per  month.  The  ties  were 
6  X  8  in.  X  8  ft.  The  best  record  was  17.5  ties  per  man  day;  the  average 
was  13.3  ties  per  man  day. 

The  cost  of  renewing  1  tie  was  $0,082. 

4.  Ties  renewed  during  a  7-in.  raise  in  rock  screenings,  working  Italians 
at  $1.25  per  day  and  foreman  at  $60  per  month.  Ties  were  7X9  ins.  X 
8H  ft.  The  best  record  was  16  ties  per  man  day,  the  average  was  12.7  ties 
per  man  day. 

The  cost  of  renewing  1  tie  was  $0,098. 

5.  Ties  renewed  in  2-in.  slag  by  section  gangs  working  white  labor  at  $1.10 
per  day  and  foreman  at  $50  per  month.  Ties  6X8  ins.  X  8  ft.  The  best 
record  was  17.9  ties  per  man  per  day,  the  average  was  13.1  ties  per  man  day. 

The  cost  of  renewing  1  tie  was  $0,083. 

6.  Ties  renewed  in  2-in.  surface  gravel  working  white  labor  at  $1.10 
per  day    and    foreman    at    $50    per    month.     Ties   6X8   ins.   X  8   ft. 


Kind  of  ballast 

Feet 

per    man   per 
day 

Rock  ' 

Rock 

Stripped 

Stripped 

Stripped 

28H 

40 

45 

60H 

66 
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The  best  record  was  18.2  ties  per  man  day,  the  average  was  13.5  ties  per 
man  day. 

Tlie  cost  of  renewing  1  tie  was  $0.08. 

7.  Ties  renewed  during  rock  smoothing  working  negroes  at  $1.10  per  day 
and  foreman  at  $50  per  month.  Ties  6X8  ins.  X  8  ft.  The  best  record  was 
17.8  ties  per  man  day.  the  average  was  12.5  ties  per  man  day. 

The  cost  of  renewing  1  tie  was  $0,088. 

Spacing  Ties. — The  spacing  of  ties  in  rock  ballast  in  the  following  record 
was  a  good  average  of  the  work  done  on  several  miles.  The  ties  were  special 
following  the  first  raise  and  just  before  the  ballast  for  the  second  raise  was 
unloaded.  The  tie  spacing  in  stripped  track  was  done  just  before  the  unload- 
ing of  the  baUast  for  the  first  raise.  Negro  labor  at  $  1 .  10  per  day  and  foreman 
at  $50  per  month  were  worked.    The  record  is  as  follows: 


No.  ft.  track         No.  days  worked 

430  15 

495  12 

430  9H 

365  6 
330  5 

One  man  spaced  6  joints  per  day  in  rock  ballasted  track,  no  raise,  and  rail 
laid  broken  jointed. 

Amounts  of  Creosote  and  Zinc  Chloride  for  Cross  Ties. — The  following 
table,  reprinted  in  Engineering  and  Contracting,  Dec.  15, 1920,  from  the  Nov. 
20,  1920,  Cross  Tie  Bulletin  of  the  National  Association  of  Railroad  Tie 
Producers  shows  the  board  feet  and  cubic  feet  per  tie,  number  of  ties  per  1,000 
board  feet,  gallons  of  creosote  and  pounds  of  zinc  chloride  per  1,000  ties  under 
specified  treatments  for  the  more  common  sized  sawed  ties.  The  table  was 
compiled  by  E.  M.  Biake: 

Lbnoth,  8  Ft. 

Gals,  of  creosote  per 
1,000  ties,  sp.  grav. 

1.0436,  or  8.7  lb.  per  Lbs.  of  sine 

gal.  treated  under  chloride 

Rueping  process  per  1,000 

No.  of  ties      5.5  lb.          6.0  lb.  ties  at  H 

Board  ft.     Cu.  ft.        per  1,000        per               per  lb.  per 

Dimension       per  tie        per  tie          board  ft.      cu.  ft.           cu.  ft.  cu.  ft. 

6"X8"  32.00  2.66  31.25  1.686  1,839  1,333 

7"X8"  37.33  3.11  26.80  1,967  2,146  1,555 

7"X9"  42.00  3.50  23.80  2,212  2,414  1,750 

7"  X  10"  46.66  3.88  21.43  2,459  2,682  1,944 

Length  8  Ft.  6  In. 

6"X8"  34.00  2.83  29.41  1,791  1,954  1,417 

7"X8"  39.66  3.31  25.21  2,091  2,281  1,654 

7"X9"  44.62  3.73  22.41  2,351  2,565  1,860 

7"  X  10"  49.58  4.13  20.17  2,612  2,850  2,066 

Treated  Ties  Reduce  Maintenance  Expense. — C.  A.  Morse,  Chief  Engineer 
of  the  Chicago,  Rock  Island  &  Pacific  Ry.,  speaking  on  maintenance  of  way 
labor  before  the  Roadmasters  and  Maintenance  of  Way  Association  at  Ch' 
76 
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cago,  Sept.  17,  1910,  made  the  following  statement,  which  is  given  in  Engi- 
neering and  Contracting,  Oct.  15;  1919. 

Today  the  railroads  that  began  using  treated  ties  10  jrears  ago  are  reaping 
the  benefit  of  the  investment  in  big  figures.  They  are  averaging  about  200 
ties  to  the  mile  of  all  trades,  while  the  average  nimiber  of  ties  used  on  a  road 
where  treatment  has  not  been  used  is  over  300  per  mile  of  all  tracks. 

This  means  that  a  railroad  that  is  using  2,000,000  treated  ties  per  year  would 
have  to  buy  3,000,000  ties  had  they  not  adopted  tie  treatment  ten  years 
before.  This  means  $1,000,000,  at  the  price  that  ties  cost  today,  for  the  ties 
alone,  and  much  more  than  that — ^it  means  saving  the  cost  of  transportation, 
the  cost  of  unloading  and  the  cost  of  the  insertion  of  a  million  ties;  and  the 
saving  on  insertion  alone,  which  at  this  time  is  from  32  to  40  cts.  per  tie,  is  a 
saving  of  from  $320,000  to  $400,000  of  expense.  There  is  yet  another  saving: 
one  has  disturbed  his  track  in  only  two-thirds  as  many  spots,  and  there  is  the 
saving  of  much  retamping  required  later  to  get  the  track  as  solid  as  it  was 
before  the  new  tie  was  inserted. 

Treated  ties  should  be  adzed  and  bored  by  adzing  and  boring  machine  before 
treating.  This  insures  the  seat  for  both  rails  being  in  the  same  plane  and 
gives  a  full  bearing  for  the  tie  plates,  as  tie  plates  should  always  be  used  on 
both  treated  and  untreated  soft  wood  ties,  and  on  all  treated  hardwood  ties. 

The  Most  Economical  Tie  for  Di£ferent  Conditions  of  Track  and  Traffic.-:- 
Much  information  on  the  length  of  life,  first  cost  and  annual  cost  of  railroad 
crossties  of  various  classes  under  various  conditions  is  contained  in  a  circular 
and  key  of  instructions  on  the  use  of  crossties  issued  by  the  Baltimore  A 
Ohio  Railroad.  The  following  notes  published  in  Engineering  Record,  May 
27,  1916,  are  taken  from  the  April-June  issue  of  Wood-Preaerving,  which 
devotes  three  pages  to  the  circular.  The  circular  is  based  on  an  extended 
investigation,  in  which  the  experiences  and  opinions  of  both  engineers  and 
trackmen  were  utilized.  The  instructions  were  prepared,  it  is  stated,  to 
define  the  most  economical  tie  for  every  condition  of  track  and  trafiBc,  and  to 
assist  in  the  most  economical  distribution  of  ties. 

The  circular  divides  ties  into  five  classes  according  to  kind  of  wood.  Class 
A  embraces  white,  burr  and  chestnut  or  rock  oak,  cherry,  mulberry,  black 
walnut  and  locust  (except  honey  locust).  Class  B  includes  chestnut  only. 
Class  C  includes  red,  black,  scarlet,  Spanish,  pin  and  shingle  or  laurel  oak, 
also  honey  locust,  beech  and  hard  or  sugai  maple.  Silver,  soft  or  white  maple, 
red,  soft  or  swamp  maple,  red  or  river  birch,  sweet  or  black  birch  and  white, 
rock  and  red  elm  make  up  class  D,  while  pines — short  leaf,  loblolly  and  sap 
long  leaf — ^form  class  E.  Classes  A  and  B  are  used  without,  classes  C,  D  and 
E  with  preservative  treatment. 

As  to  size,  class  A  has  three  grades,  7  or  6  X  8  in.,  6  X  7  or  6  X  6.  The 
other  classes  have  two  grades  only,  7  or  6  X  8  and  6X7.  (Class  E  ties  are 
respectively  7X9  and  7  X  8.)  Attention  has  also  been  g^ven  to  length,  as 
this  has  an  important  bearing. 

Table  y  gives  estimated  life  lengths  for  all  classes,  grades  and  lengths  under 
various  conditions  of  trafiBc.  It  also  shows  where  these  classes  and  grades  are 
and  are  not  used.  It  will  be  noted  that  the  use  of  tieplates  adds  materially 
to  the  life  length.  The  instructions  stipulate  that  all  treated  ties  should  be 
tieplated. 

Table  VI  gives  the  detailed  first  cost  to  the  Baltimore  &  Ohio  for  the 
various  8K  ft.  classes  of  ties,  and  derived  therefrom,  the  annual  costs,  with 
iterest  figured  at  6  per  cent. 
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Mepa,  sdcb  M.  pulling  apikea,  tbroviHK  out  oM  nl 

sNslgned  to  a  required  number  of  meD.     ta  pnctlcall 
indivlduKl  e^ng.''  or  aub-divisions  of  Ihe  forws  are  coi 
coiQptete  wHb  tlieir  foremen  or  muitipira  llicn-of. 
their  men  as  weU  bb  supervise  Ihem.     Thia  feature  In 
■peed  np  the  work  materially. 

With  the  forcea  and  equlpmeiit  asBcmbled  and  all 
the  tnck  upon  which  rait  la  to  be  laid  ia  talien  over  co 
comnMDoed.  During  the  period  of  layloc  tlie  remnJc 
a  dngle  tnck  section.  Through  tb«  dose  eo-operat 
partment  Uttle  dela;  hae  beeo  cauMd  b;  the  >dopli< 
UOdar  CoiDpaistivelf  heavy  Itafflc.  Ittsaqueetioni 
wtmil  by  ivriog  rallimder  traffic  do  not  equal  or  exi 
trirck  ii  (ireo  over  entirely. 

Aa  ft^ed  before,  tlw  method  ia  based  on  progre 
muerials  distributed  prevloualy  along  tbe  aectloa  tc 
b  not  disturbed  under  any  drtuniBtancea  until  the  tii 
Tfaasequeoce  of  tbe  various  atagea  la  Ingeneral  ite  f( 
every  10  rail  lengths,  aplkee  pulled,  one  rail  thrown  oi 
cnoeoted  wood  pluga  placed  in  old  spike  boles,  ti 
placed,  new  rail  laid  with  locomotive  cnoe.  rail  ( 
JolDta  piaoed  and  bolted,  holee  drilled  and  bond  wi 
and  full  iplked.  signal  connected  up  and  work  genei 

Where  <Hie  crane  Is  used  a  force  of  about  >00  mei 
OBOe  working  to  Ita  capacity  and  the  work  procee 
craae  being  moved  back  to  the  point  of  starting  at 
of  the  flrat  line  of  rail  and  atarting  on  the  aecond 
duplicate  organiiatton  foilowi  the  first  crane  prepa 
— mnd  rrmne.  both  of  which  are  foJowed  by  a  Bnisi 
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3llawing  is  a  typical  organization  in  detail:  The  men  comprising  this  organ!- 
atioD  are  listed  in  the  exact  sequence  under  which  they  pass  over  the  trade. 

A  TYPICAL  ONE-CRANE  ORGANIZATION 
ADVANCE  WORK 

3  men  removing  every  tenth  joint  oi\  the  old  rail. 
24  men  pulling  spikes.     This  includes  2  foremen. 
14  men  swinging  out  old  rail.     Two  foremen  with  section  gangs. 

3  men  throwing  out  6ld  tie  plate. 

3  men  placing  creosoted  tie  pluga  in  spike  holes, 
2  men  ari.ving  creosoted  tie  plugs  in  spike  holes. 

12  men  adzing  ties.     One  section  foreman  inchided. 

2  men  sweeping  off  ties  after  adsing. 

5  men  placing  new  tie  plates.  ^  One  foreman  included.    ^  , 
This  covers  the  preparatory  work  for  the  crane,  which  haS  the  fdRbwing 
ganisation: 

4  men  on  rail,  two  on  each  end  to  steady  and  guide  it  ipto  place, 
1  man  on  crane  hook.     The  foreman  in  charge  of  crane  forces. 

1  man  on  expansion  template. 

2  men  driving  spikes  on  inside  of  new  rail. 

2  men  driving  spikes  on  outside  of  rail  after  laid. 

1  man  with  Uning  bar  to  bar  rail  to  place  as  laid. 

2  men  operating  crane.     The  operator  and  fireman. 

The  locomotive  crane  was  fonowed  by  the  following  gang; 
1  man  adsing  joint  ties  for  a  1  to  20  cant.^ 
[0  men  placing  new  joints.     Two  foremen  included. 

5  men  removing  rail  anchors  from  old  rail. 

1  man  placing  insulated  joints. 
12  men  gaffing  new  rail. 

14  men  full  spiking. 

(0  men  bolting  up  joints.      >- 

This  was  followed  by  the  bonding  layout  and  the  finishing  gangs: 

4  men  operating  air  drilb. 

2  men  operating  motor  cars  and  distributing  bond  wires. 

1  man  operating  air  compressor. 

2  men  bonding  new  rail. 

5  men  clearing  out  for  rail  anchors.     One  foreman  included. 
5  men  placing  new  rail  anchors.     One  foreman  included. 

2  men  operating  motor  cars,  two  trailers  with  extra  tools,  etc. 

3  men  checking  up  on  tie  plates,  spiking  and  joints,  et<i.     One  foreman 
included. 

3  men  carrying  drinking  water. 

1  man  chargiug  wire  at  signal,  connections. 

1  man  sold^ng  signal  connections. 

7iih  the  experimei^al  introduction  of  the  pneumatic  wmnches  the  organi- 
on  Mna»  changed  Slightly  from  that  shown  abo^e.  the  30  men  assigned  to 
ing  being  removed  and  the  toilowing  substituted  for  them:. 

I  men  on  pneumatic  wrenches. 

L  man  tapping  joints  into  place. 

L  man  on  air  nose. 

[  man  operating  motor  car. 

.  man  operating  air  compressor. 

I  the  particular  instance  mentioned  above  a  stretch  of  track  between  two 
ches  located  nearly  2>^  miles  apart  was  laid  with  136-lb'.  rail  in  a  total 
3ed  time  of  7  hours  10  minutes,  or  at  the  rate  of  107  rail  lengths  per  hour 
k  total  of  770  rails.  The  force  shown  totals  up  to  205  men  in  the  first 
and  180  men  with  the  introduction  of  the  wrenches. 
>st  of  Unloading  Railway  Rails. — D.  A.  Wallace  gives  the  following  data 
ngrlneering  and  Contra^tidig,  Aug.- 10,  191Q.,  .., 
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For  short  JotM  of  rail  unloading  with  men  not  used  to  the  work  and  whne 
the  grcNind  is  smooth,  there  is  no  ohjection  to  unloading  from  the  sides  of  the 
car,  provided,  of  course,  that  both  ends  of  the  rails  are  released  together. 

The  following  are  records  of  unloading  rails: 

1.  The  70-lb.,  33-ft.  rail  was  unloaded  from  the  sides  of  gondola  and  flat 
cars  by  section  gangs  which  had  no  experience  in  handling  new  rail.  Two 
rails  were  dropped  at  a  place,  then  the  train  moved  ahead  one  rail  length  and 
the  operation  repeated. 

When  unloading  gondola  cars,  one  man  followed  the  train  to  straighten 
out  an  occasional  rail  lying  too  close  to  the  track;  the  remainder  of  the  gvog 
unloaded  the  rails  by  hand  with  the  assistance  of  2  men  at  eabh  end  of  ttie 
car  with  lining  bars. 

Rail  unloaded  from  flat  cars  was  rolled  off  the  sides,  using  lining  bars  and 
shovels.  Two  men  at  each  end  had  lining  bars  and  the  remainder  had 
shovels.  As  soon  as  the  bar  men  had  started  toe  rail  they  were  assisted  by 
the  shovelers,  one  bar  man  at  each  end  always  using  his  bar  as  a  skid,  keeping 
the  rail  up  from  the  floor,  thus  giving  leverage  to  the  shovel  men.  One 
man  followed  the  train  to  straighten  out  rails  lying  in  a  dangerous  position. 

Negro  labor  at  $1 .  10  per  day  was  employed,  with  foreman  at  $50  per  month. 
The  work  train  cost  $25  per  day.    The  cars  unloaded  were  as  follows: 

Rails 

Qondola  car 84 

Gondola  car 84 

Gondola  car 1 13 

Flat  car 113 

Total 394 

The  time  required  for  unloading  was  3  hrs.  50  mins.,  and  the  cost  was  as 
follows: 

18  men  at  $1.10  per  day $  7.50 

3  foremen  at  $50  per  month 1 .84 

Work  train 25.00 

Total $84.43 

This  gives  a  cost  of  8.7  cts.  per  rail  and  of  $27.84  per  mile  of  track. 

2.  In   the  record  which  follows  no  charge  was  made  against  the  Road 

Department  by  the  Transportation  Department  for  roadway  work  performed 

by  revenue  trains  other  than  overtime  made  by  trains  doing  the  woric  and  in 

this  case  the  revenue  business  was  light  and  no  overtime  was  made.    The  cars 

unloaded  were: 

Raib 

One  gondola  car 84 

One  gondola  car 113 

One  flat  car 113 

Total 310 

The  working  time  was  1  hr.  30  mins.  and  the  cost  was  as  follows: 

13  men $2. 14 

4  foremen 0.96 

Total $8.10 

This  gives  a  cost  of  1  ct.  per  rail  and  of  $3.20  per  mile  of  track. 
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3.  In  the  following  record  a  comparison  is  made  between  the  time  ot  un- 
loading gondii  and  flat  cars.  The  time  of  unloading  the  fondola  cars  was 
as  follows: 

1  car    113  rails 1  hr.     0  mina. 

'  1  car    113  rails 1  hr.     0  mina. 

1  car     84  rails 2  hrs.  14  mins. 

3  cars  310  rails 4  hrs.  14  mins. 

The  time  for  unloading  5  flat  cars  was: 

1  car    141  rails 85  mins. 

1  oar    114  rails 80  mins. 

1  car     78  rails 20  mins. 

1  car     73  rails 20  mins. 

1  car     76  rails 26  mins. 

5  cars  482  raib 2  hrs.  10  mins. 

Grand  total  unloading  time. . .  : 6  hrs.  24  mins. 

Delays 1  hr.    42  mins. 

In  comparison  the  time  per  rail  and  per  mile  of  track  was  as  follows: 
1  car  113  rails 1  hr.    0  mins. 

Item  Gondola  Flat 

1  rail,  time  required .81  min.  .  27  min. 

1  mile,  time  req'd 4  hrs.  20  mins.       1  hr.  25  mins. 

Therefore  it  costs  three  times  as  much  to  unload  rails  from  a  gondola  car 
as  it  does  from  a  flat  car. 

Where  rail  was  unloaded  from  flat  cars  it  was  customary  for  half  of  the  gang 
to  unload  from  one  side  and  half  to  unload  from  the  other.  This  was  a  very 
good  method,  as  there  was  always  a  rivalry  between  the  two  gangs,  each  to 
unload  its  half  flrst  so  that  the  few  bottom  rails  in  the  center  of  the  car  would 
be  left  for  the  slower  gang  to  unload.  The  cost  of  unloading  the  eight  cars, 
792  rails,  was  as  follows:  The  wages  for  labor  were  $1.10  per  day  and  for  fore- 
man $50  per  month,  but  as  the  work  was  done  on  Sunday  time-and-a-half 
was  paid  the  men.    The  cost  was  therefore: 

17  men  at  $1.65  per  day $28 .  05 

4  foremen  at  $50  per  month 6 .  66 

Work  train 25.00 

Total $59.71 

This  g^ves  a  cost  of  7.5  cts.  per  rail  and  of  $24  per  mile  of  track. 
Summarizing  the  costs  of  records  1,  2  and  3  given  above,  we  have: 

(1)  304  rails  unloaded  at $84.43 

(2)  310.rails  unloaded  at 3. 10 

(3)  792  rails  unloaded  at 50.71 

1,496  rails  unloaded  at $97 .  24 

This  gives  a  cost  of  6.5  cts.  per  rail  and  of  $20.80  per  mile  of  track. 

4.  Generally  rails  are  piled  on  a  car  in  layers.  In  each  layer  the  rails  are 
placed  alternately  head  up  and  head  down,  the  head  of  one  rail  being  always 
overlapped  by  the  base  of  the'  adjacent  rail.  In  this  case  the  rails  were  loaded 
loosely  on  a  flat  car,  with  just  enough  straightening  around  to  put  them  parallel 
with  the  sides  of  the  car.  In  unloading  these  rails  no  difficulty  was  experi- 
enced in  loosening  up  a  rail  such  as  is  oftentimes  the  case  when  rails  are  piled 
tightly  hi  layers. 
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N«gro  labor  at  $1.10  per  day  and  foreman  at  $50  per  month  were  worked. 
A  sang  of  10  men  unloaded  90  85-lb.  rails  in  45  mins.  The  cost  of  the  work 
was  as  follows: 

Train  service $1 .  66 

Labor 1 .  05 


Total  for  90  rails $2.61 

This  gives  a  cost  of  2.9  cts.  per  rail  or  of  $9.30  per  mile  of  track. 

Time  Tests  of  Loading  66-lb.  Rail  on  Flat  Car  by  fiand. — ^A.  M.  Van  Auken 
g^ves  the  following  data  in  Engineering  and  Contracting,  Dec.  17,  1919. 

The  work  was  done  near  Ypsilanti,  Mich.,  on  the  Michigan  Central  R.  R. 
on  April  12,  1917.  the  gang  consisting  of  the  following: 

1  foreman  at $90. 00  per  month 

1  timekeeper  at 76.00  per  month 

1  cook  at 2 .  10  per  day 

1  water  boy  at 2. 10  per  day 

15  laborors  at 2. 10  per  day 

The  equipment  consisted  of  two  hand  cars. 

The  gang  was  surfacing  tracks  near  Milepost  29  until  11:30  a.  m.  It  then 
knocked  off  for  H  hour  for  dinner.  The  transporting  of  the  men  consumed 
40  minutes  for  a  distance  of  3  miles  to  a  point  (Milepost  32)  on  the  main  track 
opposite  thie  pile  of  rails  to  be  loaded. 

The  material  loaded  consisted  of  102  odd  lengths  of  used  rail  incduding 
2,756  ft.  of  66-lb.  rail  and  20  ft.  of  80-lb.  raU. 

The  labor  time  distrlbutionnras  as  follows: 

Left  mile  poet  29  at  12:00. 
Arrived  nule  post  32  at  12:40. 

Iipaded  rail  and  lumber  from  12:40  to  3:45;  this  includes  delays. 
Left  mile  post  32  at  3:46. 
.  .  Arrived  nule  poet  29  at  4:10. 

Delays  in  loading  the  rails  were  as  follows: 

Mine. 

Stopped  at  Ypsilanti  station  for  foreman  to  receive  reports  of  trains 8 

Removing  hand  cars  from  track 2 

Walking  from  hand  cars  to  where  rails  lay 5 

Waiting  for  rails  to  be  measured  before  placing  on  flat  car 9)4 

Moving  flat  car  about  10  ft. 3 

Moving  flat  car  about  2,000  ft.  (rails  were  in  two  piles  about  2,000  ft. 

apart) 22 

Loading  lumber 35 

The  latter  item  involved  the  loading  of  42  pieoes  of  3  in.  X  10  in.  X  16  ft. 
planks  in  a  box  car.  The  lumber  lay  opposite  the  pile  of  rails  so  no  time  was 
lost  in  moving  from  rail  to  lumber.  The  results  of  a  test  made  to  determine 
the  time  required  to  lift  and  throw  10  rails  on  flat  car  follow: 

15  sec.  27  sec. 

38  sec.  40  sec. 

65  sec.  35  sec. 

18  seo.  20  sec 

22  sec.  27  sec. 

It  will  b^  noted  that  it  took  307  seconds  to  load  the  10  rails  (25  to  33  ft. 
long).    This  gives  an  average  of  H  minute  for  loading  each  rail. 


STEAM  RAILWAYS  1211 

The  average  time  of  loading  each  of  the  102  lengths,  delays  deducted,  was 
59  seconds.  In  other  words,  while  under  direct  time  observation,  men  doubled 
their  output. 

Loading  Rails  with  Ditcher  at  Cost  of  1  Cents  per  RalL — ^Engineering  and 
Contracting,  Oct.  16,  1018,  publishes  the  following: 

By  using  a  railroad  ditcher  the  Crowell  Spencer  Lumber  Co.,  of  Longflleaf, 
La.,  was  able  to  load  60-lb.  rails  from  piles  onto  flat  cars  at  a  cost  of  about  2 
cts.  per  rail.  The  crew  consisted  of  the  ditcher  operator,  fireman,  and  a  section 
crew  of  3  men  and  foreman.    Its  duties  were: 

One  man  operating  ditcher. 

One  fireman.  As  wood  was  burned,  it  was  his  duty  to  keep  a  supply  of  it 
on  the  ditcher. 

One  man  to  put  stakes  in  pockets,  carry  water  and  load  spikes  and  angle 
bars. 

One  man  on  car  to  keep  rails  straight  and  unhook  tongs.  Frequently 
entire  cars  were  loaded  without  it  being  necessary  to  unhook  the  tongs  even 
ODce.  When  the  operator  dropped  the  rail  1  or  2  feet  the  tongs  usually  let 
go  themselves. 

One  man  on  the  ground  to  hook  the  tongs. 

One  foreman,  who  kept  the  rails  turned  ball  up. 

This  crew  with  the  American  ditcher  loaded  2,083  rails  in  3  days,  the  actual 
working  time  being  4H«  5H  and  6  hours.  The  ditcher  was  on  its  own  flat 
car  and  loaded  onto  empties  set  in  front  and  behind  it.  The  daily  cost  of  the 
rail  loading,  according  to  tiie  American  Ditcher  Scoopings,  was  as  follows: 

Ditcher  operator $5. 00 

Ditcher  fireman 2. 60 

3  labwers  at  $2.50  each 7 .  50 

Gang  foreman 3.25 

Fuel  (wood) 1.00 

Oil,  waste,  etc .50 

Total $19.75 

Cost  of  Loading  Rail  from  Roadbed  to  Cars. — D.  A.  Wallace  gives  the 
following  data  in  Engineering  and  Contracting.  Aug.  3,  1910. 

1.  The  rail  was  lying  on  the  shoulder  of  the  grade,  just  as  it  had  been 
thrown  out  from  the  track  and  disconnected.  One  pair  of  angle  bars  was 
fastened  to  each  rail  by  two  bolts.  Two  men  with  lining  bars  kept  the  rails 
straightened  out  on  the  flat  car  as  they  were  loaded.  The  train  was  followed 
by  two  men  who  picked  up  any  loose  scrap  that  might  have  been  left  behind. 
A  work  train  and  a  gang  of  40  men  were  used;  the  labor  was  negro,  at  $1.25 
per  day,  and  foreman  at  $60  per  month.  A  total  of  429  rails  was  loaded  in 
3  hrs.  2  mins.  at  the  following  cost: 

Train  service $25. 00 

Labor 20. 00 

Foreman 0.66 

Total $45.66 

This  gives  in  round  figures  a  cost  of  10  cts.  per  rail  loaded.  The  work  was 
costly,  due  to  the  fact  that  the  banks  were  very  narrow,  permitting  the  rail 
in  many  instances  to  slip  down  to  the  bottom  of  the  fill.  The  work  was  also 
hindered  by  a  growth  of  high  weeds. 

2.  The  rail  was  disconnected  with  angle  bars  lying  alongside.  One  man 
loaded  the  angle  bars  and  scrap  bolts  on  the  reaf  car;  2  men  with  lining  bars 
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kept  ^e  rail  straightened  on  the  flat  car  as  it  was  being  loaded;  11  men  loaded 
the  rail  on  one  side  of  the  car  until  half  the  load  was  placed,  then  the  train  was 
backed  up  wtiile  the  other  side  of  the  car  was  loaded.  The  rail  was  664b. 
rail  left  lying  along  the  shoulder;  6  flat  cars  with  a  capacity  of  100  rails  each 
were  loaded.    A  total  of  800  rails  was  loaded  at  the  following  cost: 

Train  service $25. 00 

Labor 20.00 

Total $45.00 

This  gives  a  cost  of  5.6  cts.  per  rail  or  of  $  10.7 1  per  mile  of  track.  This  same 
crew  loaded  and  unloaded  400  rails  with  the  same  shipment.  In  unloading 
the  rail  two  greased  rails  were  used  as  skids.  Six  men  were  on  the  car  to 
start  the  rails,  and  8  men  were  on  the  ground  to  straighten  them  up  in  piles. 
The  cost  of  the  work  was  11.3  cts.  per  rail  or  $30.77  per  mile  of  track. 

3.  The  rails  were  Ijring  on  the  shoulder  of  the  grade,  disconnected,  as  taken 
from  the  track.  A  force  of  22  men,  18  per  raU,  and  4  on  the  car,  loaded  160 
58-lb.  rails  in  2  hrs.  45  mins.  The  rate  of  wages  was  negro  labor  at  $1.20  per 
day  and  foreman  at  $60  per  month.    The  cost  was  as  follows 

Train  service $  5. 53 

Labor 6. 12 

Total $10.65 

This  gives  a  cost  of  6.6  da.  per  rail  or  of  $20.25  per  mile  of  track. 

4.  A  gang  of  24  men  loaded  rails  into  end  of  gondola  car  from  pile  15  ft. 
from  the  track ;  16  men  to  a  raU  and  8  men  on  the  car.  A  total  of  100  rails  were 
loaded  in  1  hour  40  mins.  or  1  rail  per  minute.  The  labor  was  negro  at  $1.25 
per  day,  and  foreman  at  $60  per  month.  It  cost  to  load  the  100  rails  $5.30  or 
5.3  cts.  per  rail. 

Cost  of  Tracklaying  with  TrackUying  Machine. — D.  A.  Wallace  gives  the 
following  in  Engineering  and  Contracting,  Aug.  3,  1010. 

The  work  was  done  by  contract  in  June,  1907,  on  the  Frisco  line  in  Louis- 
iana. The  record  is  a  poor  one,  due  to  faulty  working  organization.  The 
average  day's  work  was  6,000  ft.,  full  teed,  bolted  and  spiked.  Work  was 
greatly  delayed  on  account  of  the  poor  handling  of  material  in  material  yard. 
A  35-mile  run  was  necessary  for  the  night  crew  to  bring  the  angle  bars  and 
spikes  to  tile  front  for  the  next  day's  work. 

The  outfit  equipped  for  each  half-day's  work  consisted  of  a  pioneer  car, 

5  flat  cars  loaded  with  300  ties  each  and  2  flat  cars  loaded  with  90  rails  each. 

Two  train  crews  were  used.    The  day  crew  came  on  duty  at  6  a.  m.  and 

was  released  at  6  p.  m.  by  the  night  crew,  which  had  iiad  supper  when  the  day 

crew  returned  with  the  gang  from  the  front.    The  night  cre«  then  ran  to 

Eunice,  15  miles,  flUed  up  the  tank  car,  left  flat  cars  spotted  for  loading  ties 

and  rails  and  ran  to  Opelousas,  20  miles  further,  for  angle  bars  and  spikes, 

returning  to  camp  with  train  made  up  for  first  half-day's  work  at  6  a.  m. 

The  day  crew  returned  to  camp  at  12  noon  f6r  dinner,  getting  back  to  the 

x>nt  at  1  p.  m.    During  the  noon  hour  the  night  crew  switched  out  the 

npty  tie  and  rail  cars  and  picked  up  the  loaded  tie  and  rail  cars  ready  for 

le  afternoon's  tracklaying.    Lining  gang  handled  the  back  switch  work. 

The  force  itemized  in  the  following  table  was  needed  to  lay  6,000  ft.  of 

ack.    This  force  may  be  reduced  to  90  men  by  half  bolting  and  spiking 

ne  track,  the  track  work  being  done  on  days  wben  there  .is  delay  to  the 

j)aterial,    The  gang  required  was  as  follows: 
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Item  Per  day 

1  general  foreman  at  $150  per  mo. 

1  timekeeper  at  $75  per  mo. 

1  commissary  clerk  at  $90  per  mo. 

Total $  10.60 

Front  Gang: 

1  straw  boss  at  $2.25 $     2. 26 

1  rope  man  at  $1.76 1 .  76 

1  chain  and  puddle  man  at  $1.76 1 .  76 

18  men  (9  on  a  side)  at  $2 36. 00 

1  spike  puller  at  $2 2. 00 

1  bolt  puller  at  $2 2.00 

23  men.     Total $  45. 76 

Machine  Gang: 

1  foreman  and iboard  at  $3 $     3.00 

1  rail  feeder  at  $2 2.00 

1  angle  bar  man  at  $2 2.00 

2  raU  pullers  at  $2..- 4.00 

4  tie  buggy  men  at  $2 8. 00 

6  laborers  (3  on  side)  at  $2 .- 12.00 

15  men.     Total $  31 .00 

Ground  Gang: 

1  foreman  and  board  at  $3 $     3. 00 

1  bolt  puller  at  $1.75 1.75 

1  spike  puller  at  $1.76 1 .  76 

2  bridle  rod  men  at  $1.75 3. 60 

2  wrench  men  at  $1.76 3. 60 

2  jack  men  at  $2 4. 00 

8  tie  spacers  at  $1.76 14.00 

6  gage  men  at  $1.75 10. 50 

1  maul  man  at  $1.75 • 1 .  75 

1  bar  man  at  $1.76 1 .  76 

16  Bpikers  at  $2 32.00 

8  mppers  at  $1.76 14. 00 

2  water  boys  at  $1.60 3. 00 

61  men.     Total $  94.60 

Lining  Gang: 

1  foreman  and  board  at  $3 $    3 .  00 

8  liners  at  $1.75 14 .  00 

1  water  boy  at  $1.50 1 .  50 

10  Men  18.50 

Night  Loading  Gang: 

12  laborer*  at  $1.76 $  21.00 

Camp  help: 

1  head  cook  at  $100  per  mo $    3. 30 

1  second  cook  at  $35  per  mo 1 .  16 

1  flunkey  at  $30  per  mo 1 .  00 

3  flunkeys  at  $26  per  mo 2 .  50 

1  yard  man  at  $40  per  mo 1 .  35 

1  camp  woman  at  $40  per  mo 1 .  35 

8      Total $  10.66 

Train  Crew: 

2  engineers  and  board  at  $100  per  mo $     6. 70 

2  firemen  and  board  at  $60  per  mo 4 .  00 

1  conductor  and  board  at  $100  per  mo 3. 30 

2  brakemen  at  $60 4.00 

7  men.    Total $  18.00 

Miscellaneous  expenses: 

1  pioneer  car,  rent  $26  per  mile $  23, 40 

Rent,  equipment,  coal,  waste 10.00 
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Summarizing,  we  have  the  following: 

Item  Per  day 

Pioneer  car S  23.40 

Gen.  foreman,  timekeepr  and  derk 10. 50 

Front  gang 45. 75 

Machine  gang 31 .  00 

Ground  gang 94 .  50 

Lining  gan^ 18.50 

Night  loading  gang 21 .  00 

Camp  help 10. 65 

Train  crew 18. 00 

Equipment,  coal,  etc 10 .  00 

Total $283. 30 

To  be  deducted  from  this  total  are  the  following  amounts: 

Item  _  Per  day 

Receipts  from  board S  50.00 

Commissary  profits 12. 00 

Total S  62.00 

Net  daily  expenses  (283.30— S62) $221 .  30 

The  contractor  received  $275  per  mile  for  tracklaying,  or  for  6,000  ft.  of 
track  laid  per  day,  $312.40.  His  net  income  per  day  was  $312.40 — $221.30 
-  $81.10.  On  the  basis  of  a  net  daily  expense  of  $221.30  the  cost  per  mile 
of  track  laid  was  closely  $200. 

Cost  of  Laying  Track  With  Machine. — The  following  matter  is  taken  from 
Engineering  and  Contracting,  April  1,  1914. 

The  conditions  afifecting  track  laying  are  numerous  and  varying,  and  It 
would  be  practically  impossible  for  anyone  except  an  experienced  contractor 
with  well  organized  forces  to  attain  the  results  shown  by  the  data  below. 
Forces  which  have  been  employed  for  years  in  as  narrow  or  specialized  a  field 
as  track  laying,  are  boimd  to  attain  a  high  degree  of  efficiency,  provided  the 
management  is  the  best,  for  a  body  of  most  able  overseers  is  gradually  col- 
lected, which  assures  wide,  efficient  and  progressive  supervision.  If,  in  addi- 
tion to  the  above,  a  concern  builds  up  a  reputation  for  paying  the  best  wages 
and  giving  absolutely  the  best  treatment  possible,  consistent  with  the  work 
required,  an  asset  of  no  small  importance  is  added. 

The  track  laying  described  herein  was  done  by  a  force  which  showed  the 
results  of  all  the  advantages  mentioned  above. 

Make-up  of  Track  Laying  Machine  Train. — When  laying  track,  the  train 
canying  the  machine  is  made  up  as  follows,  beginning  with  the  "  pioneer  car," 
which  always  remains  at  the  "front,"  and  is  not  changed  out  as  are  the  other 
riars  in  the  train.  Immediately  behind  the  "pioneer"  are  four  cars  of  rails, 
hen  the  locomotive,  and  behind  that  eight  cars  of  ties;  next  comes  a  car  of 
;ie  plates,  when  they  are  used,  the  "trailer,"  which  is  a  car  carrying  spikes, 
)olts  and  base  plates,  a  car  of  plank  for  crossings,  a  car  of  cattle  guards,  a  tool 
iar  and  the  way  car.  This  makes  twenty  cars,  and  all  are  flat  cars  except  the 
two  last  mentioned. 

The  first  car  of  rail  behind  the  pioneer  is  "  trimmed,"  that  Is,  on  it  is  loaded 
angle  bars  enough  to  lay  the  amoimt  of  steel  carried  on  the  train.    The  angle 
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yats  are  carried  forward  over  the  pioneer  car  and  deHrered  as  needed  to  the 
'strap  hangers"  in  front.  The  rails  underneath  the  angle  bars  are  the  last 
)ne8  laid  from  the  train,  in  order  that  the  angle  bars  may  be  cleared  off  by  the 
;ime  rails  are  needed. 

A  system  of  trams  is  used  to  carry  the  ties  and  rails  to  the  front.  The  trams 
ire  made  in  sections,  each  33  ft.  long,  the  sides  consisting  of  2H  X  10  in. 
blanks.  Tie  trams  are  14  ins.  wide,  and  raU  trams  are  12  ins.  wide.  The 
;rams  are  held  together  by  bolts  on  which  are  pipe  separators  to  hold  the  sides 
;he  proper  distance  apart.  Near  the  bottom  of  the  trams  are  live  rollers, 
vhic^  complete  a  trough-shaped  way  for  ties  or  rails. 

On  the  pioneer  car  is  installed  a  20-h.  p.  upright  engine  for  driving  the  live 
'Oilers  in  the  trams ;  this  is  done  by  means  of  a  tumbling  shaft  and  gear  or  cog 
nrheels.  Steam  for  the  stationary  engine  is  piped  from  the  locomotive.  The 
ihaft  is  fitted  with  "patent  couplings,"  that  is,  on  one  end  of  each  section  is  a 
casting  containing  a  square  soclcet  into  which  the  end  of  the  next  rod  fits. 
Bach  length  of  tram  has  a  section  of  the  shaft  bolted  to  it  and  as  the  trams  are 
lung  the  rods  are  fitted  together,  thus  forming  a  continuous  shaft.  The 
trams  are  "hung"  on  iron  brackets  or  trusses  which  hook  into  the  stake 
pockets  on  the  cars.  The  trusses  are  made  with  flange  rollers  on  which  the 
trams  are  placed,  thus  taking  care  of  the  slack  of  the  train  in  starting  and 
{topping.  The  trams  have  a  coupling  device  which  holds  them  together,  the 
mes  on  the  pioneer  being  permanently  fastened  to  the  car. 

The  tie  trams,  660  ft.  long,  are  operated  on  the  right  hand  side  of  the  train. 
Those  for  the  rail,  240  ft.  long,  are  on  the  left.  The  movement  of  ties  and 
rail  is  controlled  by  the  "dinkey  skinner,"  i.  e.,  the  stationary  engineer,  so  as 
to  deliver  them  in  front  of  the  train  as  needed.  A  tie  chute  53  ft.  long  pro- 
irided  with  dead  rollers  is  attached  at  the  front  end  of  the  tie  tram  on  the  pion- 
eer and  through  this  chute  the  ties  are  pushed  by  the  ones  coming  forward  over 
the  live  rollers.  And  as  fast  as  they  are  delivered  at  the  end  of  the  chute 
they  are  taken  by  the  "  tie  buckers  "  Gaborers)  and  are  placed  across  the  grade 
"eady  for  the  rails. 

A  similar  chute  attached  to  the  rail  tram  provides  a  way  for  delivering  the 
•ail  in  front  of  the  pioneer.  These  chutes  are  supported  at  the  outer  end  by 
lahles  attached  to  the  rear  end  of  the  pioneer  car  and  carried  up  over  a  high 
rame  work  or  "gallows"  on  the  front  end.  A  boom,  also  attached  to  the 
ront  end  of  the  pioneer  car,  extends  far  enough  ahead  to  have  the  cable 
ittached  to  it  reach  the  middle  of  the  rail  when  placing  it  in  position  in  track. 
This  cable  is  operated  by  hand  with  an  ordinary  crab.  Instead  of  cranks,  a 
imall.  light  buggy  wheel  Is  used  by  the  operator  to  wind  up  tne  cable,  which 
ifts  the  rail  and  holds  it  while  the  "heeler"  and  his  assistants  place  it  in 
>osition  on  the  track.  (A  newer  device  handles  the  cable  with  compressed 
lir).  The  rails  are  placed  in  the  trams  by  three  men,  and  are  handled  in  front 
)y  six  more.  One  man  on  each  car  places  the  ties  in  the  trams.  The  spikes, 
)Qlts  and  base  plates  are  peddled  from  the  trailer  as  the  train  proceeds. 

(The  rails  are  held  to  gage  by  bridle  rods  until  the  train  passes  over,  all 
ipiking  being  done  in  the  rear.  The  train  moves  ahead  one  rail  length  at  a 
;ime  when  laying  square  joints,  and  half  a  rail  length  when  laying  broken 
oints.  The  trams  are  taken  down  when  cars  are  empty  and  replaced  on  the 
oaded  cars  when  a  new  train  arrives  ;'from  100  to  125  men  are  required  for  a 
nil  crew. 

Material  for  the  track  machine  is  loaded  by  railway  company  forces,  and 
n%at  care  is  taken  to  have  the  material  loaded,  not  only  in  correct  proportion 
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but  in  correct  order  and  position  on  cars.  A  train,  called  the  swing  train.  Is 
then  made  up  of  sufficient  material  for  a  half  day's  -work,  and  is  transported  to 
the  front,  or  rather  to  the  camp  of  the  contractor,  where  it  is  placed  in  the 
most  convenient  place  available  for  the  trade  machine  crew  to  pick  up.  The 
swing  train  crew  then  takes  a  train  of  empties  and  returns  to  the  material 
yard.  The  track  machine  is  served  regularly  by  the  same  locomotive  and 
train  crew.  As  the  track  machine  does  not  move  ahead  by  its  own 
power,  a  locomotive  and  train  crew  are  required  to  remain  with  the  machine 
onstantly. 

Briefly,  the  movement  of  the  machine  is  as  follows  in  laying  square  jested 
track:  tied  are  trammed  and  carried  ahead  constantly  and  laid  on  the  grade; 
the  machine  moves  ahead,  and  a  rail  is  chuted  out  and  heeled  in  by  the  rail 
gang,  and  the  angle  bars  bolted  on  loosely  with  two  bolts  only;  a  second  rail 
Is  placed  and  held  to  gage  by  bridle  rods;  the  machine  is  then  moved  ahead 
a  rail  length  by  the  locomotive,  and  the  operation  repeated.  When  laying 
broken  jointed  track,  the  machine  is  moved  ahead  a  half  raU  length  at  a  time, 
thus  requiring  twice  as  many  moves. 

Back  of  the  macliine  the  bridle  rods  are  removed,  and  enough  ties  are  spiked 
to  hold  the  rails  from  spreading.  Spacing  ties,  bolt  tightening  and  full  bolt- 
ing aie  all  done  b^iind  the  machine,  and  cause  it  no  delay. 

Organisation  of  Gang, — A  gang  of  125  men  will  easily  lay  two  miles  of  track 
per  day,  provided  no  imusual  difOculties,  such  as  soft  grade,  etc.,  are  encoun- 
tered.   A  gang  of  this  size  would  be  placed  about  as  follows: 

1  general  foreman  at,  per  day S  5.00 

1  ass't  foreman,  with  rail  gang,  at,>  per  day 3 .  50 

1  ass't  foreman,  watching  trams,  at,  per  day 3 .  50 

1  ass't  foreman,  with  spikers,  at,  per  day 3. 50 

1  ass't  foreman,  lining  track,  at,  per  day 3. 50 

1  Stati<mary  engineer  at,  per  month 75. 00 

1  pole  man  at,  per  month 75. 00 

1  oiler  at,  per  clay 2. 50 

1  line  man  at,  per  day 2 .  25 

16  "tie  buckers^  at,  per  day S2.25  and  2. 50 

2  tie  spacers  ahead  of  machine,  at,  per  day 2. 25 

1  man  fiddling  ties,  at,  per  day 2. 25 

6  "rust  eaters,"  handling  rail,  at,  per  day 2. 50 

1  bridle  man  at,  per  day. 2. 25 

1  heel  nipper  at,  per  day 2 .  25 

2  strap  liangers  at,  per  day 2. 25 

1  man,   carrying  angle  bars  from   "trimmed"   car  to 

pioneer  car,  at,  per  day 2. 25 

3  steel    rollers,    rolling    rails     into    trams,    at,    per 

day 2.60 

8  tie  trammers,  rolling  ties  into  trams,  at,  per  day 2 .  25 

2  spike  peddlers,  distributing  spikes,  at,  per  day 2 .  25 

2  bolt  and  joint  plate  pedlers  at,  per  dav 2. 25 

2  "bridle  men,"  carrying  bridle  rods]  from  rear,  at,  per 

day 2.25 

4  rear  bolters  at,  per  day 2.25 

2  water  boys  at,  per  day 2 .  25 

8  men  spacing  ties  at,  per  day.  ^ 2. 25 

1  gage  man  at,  per  day 2 .  25 

32  spikers  at.  per  day 2 .  50 

16  mppers  at.  per  day S2.25  and  2. 50 

8  liners  at.  per  day 2. 25 

When  the  gang  is  smaller,  the  force  behind  the  machine  is  cut  down,  and 
;0  men  would  be  organijsed  about  as  follows: 
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1  lenerftl  foreman  si,  per  day $  5.00 

1  ass't  foreman,  with  rail  gang,  at,  per  day 3. 50 

1  ass't  foreman,  watching  trama,  at.  per  day 3. 50 

1  ass't  foreman,  with  rail  gang.  at.  per  day 3. 50 

1  ass't  foreman  on  general  work,  at  per  day 3. 50 

1  stationary  engineer  at,  per  month 75. 00 

1  p<de  man  at.  per  month 75. 00 

1  oUer  at,  per  day. 2. 50 

1  line  man  at.  pe   day 2. 25 

10    "tie     burets"     at,    per    day S2.25  and  2.60 

2  tie  spacers  at,  per  day 2 .  25 

6  rail  handlers  at,  per  day 2. 50 

1  bridle  man  at,  per  day 2. 25 

1  heel  nipper  at,  per  day 2.25 

2  strap  hanfi^ers  at  per  day 2. 25 

1  man  carrying  angle  bars  at,  per  day 2.25 

3  steel  rollers  at,  per  day 2 .  50 

8  tie  trammers  at.  per  aiEiy 2 .  25 

2  spike  peddlers  at  per  day 2. 25 

2  bcltt  and  joint  plate  pedcuers  at,  per  day 2.25 

1  bridle  rod  man  at,  per  day 2. 25 

2  rear  bolters  at,  per  day 2 .  25 

1  water  boy  at,  per  day 2. 25 

1  gage  man  at,  pw  day 2. 25 

4  men  spacing  ties  at,  per  day 2.25 

12  spikers  at,  per  day 2. 50 

6  mppers  at,  per  day 2. 50 

During  the  work  from  whksh  the  cost  data  were  obtained,  the  gang  varied 
om  about  50  to  100  men.  The  $2.50  laborers  (spikers,  nippers,  and  tie 
ickers)  averaged  about  40  per  cent  of  tne  entire  gang.  During  the  65  days 
le  following  expenses  were  chargeable  against  track  laying: 

verhead  charge  on  machine  (interest  at  6  per  cent,  depreciation  at 

10  per  cent) %       100.00 

•inkey  skinner,  2H  mos.,  at  SlOO 210.00 

imekeepOT,  2H  mos.,  at  S85 177 .00 

ocomotive  and  crew,  65  days,  at  $40 2,600.00 

apervision  and  labor 8 ,710. 00 

$11,797.00 
orce  account,  or  extras  allowed 578 .  00 

$11,219.00 
verage  cost  per  mile $      280. 50 

This  cost  represents  the  cost  to  the  contractor,  plus  the  cost  of  the  locomo- 
ve  and  crew  at  $40  per  day.  The  latter  charge  should  be  added,  however, 
i  it  represents  a  real  part  o(  the  operation  expense  of  the  track  machine. 

The  rail  was  a  90-lb.  section.  It  was  laid  on  white  oak  ties,  spaced  18  to 
1  under  a  83  ft.  rail  on  tangent,  and  19  to  22  ties  per  33  ft.  on  curves.  The 
»ints  were  made  with  ordinary  angle  bars  with  four  bolts,  and  spring  nut 
)Cks.  The  heads  of  the  bolts  were  staggered,  that  is,  alternate  bolt  heads 
ere  respectively  on  the  inside  and  outside  of  rail.  The  number  of  ties  per 
til  length  were  varied  to  suit  their  sizes — 18  broad  faced  ties  being  used,  or 
1  narrow  faced  ties,  on  tangents. 

The  cost  of  transporting  the  machine  and  the  men  to  the  work  is  not 
iduded  herein,  the  data  given  representing  the  costs  after  the  machinery 
ad  the  laborers  were  on  the  work. 

An  inspector  was  employed  by  the  company,  but  although  his  expenses 
77 
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represent  a  charge  against  the  track  by  the  railway,  it  is  not  chargeable  against 
the  contractor's  expenses. 

Grading  and  Tracklaying  with  a  Ditcher. — By  using  a  railroad  ditcher  for 
grubbing,  grading  and  for  tracklaying,  the  Potlatch  Lumber  Co.  materially 
reduced  its  construction  costs  and  at  the  same  time  dispensed  with  a  consider- 
able force  of  laborers.  The  methods  employed  on  this  work  are  described  by 
the  Railway  Review,  from  which  Engineering  and  Contracting,  July  17,  1918, 
gives  the  following  abstract. 

The  main  idea  in  building  logging  roads  is  to  get  the  logs  to  the  mill  at  the 
lowest  possible  cost  and  since  the  railroad  is  only  temporary  in  character, 
considerable  latitude  is  allowed  in  the  construction  methods  used,  the  lines 
being  laid  out  to  tap  the  desired  timber  land  and  the  ditcher  put  to  work  pre- 
paring the  subgrade. 

Where  a  small  amoimt  of  filling  is  necessary  the  ditcher  scoops  up  the  earth 
alongside  the  line  and  dumps  it  ahead,  where  it  is  leveled  off  by  laborers. 
As  the  work  proceeds  the  ditcher  is  moved  ahead  under  its  own  steam  on  a 
portable  track  built  in  short  sections.  Three  short  sections  of  track  are  used, 
the  ditcher  standing  on  two  while  the  third  is  picked  up  from  behind  and 
swung  around  to  the  front  with  the  boom.  Ties  10  X  H  in.  X  10  ft.  long, 
and  closely  spaced,  are  used,  and  the  sections  are  braced  with  diagonal  pieces 
of  H  by  IH-in.  strap  iron  held  in  place  by  ?i-in.  wood  screws  and  extending 
from  comer  to  comer  of  the  sections.  In  case  a  deep  fill  is  required,  to  pre- 
vent too  much  of  a  sag  in  the  track  where  sufficient  earth  cannot  be  readied 
alongside  with  the  regular  dipper,  logs  are  pulled  in  with  the  boom  to  form 
a  portion  of  the  fill,  and  earth  is  then  placed  on  the  logs  to  build  up  the  desired 
grade.  In  localities  where  the  -grading  required  is  slight  the  timber  is  logged 
off  the  right-of-way,  the  stumps  pulled  and  the  necessary  clearmg  done  by  the 
ditcher  in  addition  to  making  the  fill. 

Side-hill  cuts  are  made  with  equal  facility,  the  Potlatch  Lumber  Co.  having 
recently  made  an  8-ft.  cut  300  ft.  long  on  a  6  per  cent  grade.  Fills  as  deep  as 
8  to  10  ft.  on  4  per  cent  grades  have  also  been  made. 

After  the  grade  is  completed  the  machine  is  run  back  over  the  line  and 
mounted  on  a  flat  car  with  steel  rails  fastened  to  the  deck  to  permit  the 
necessary  amoimt  of  shifting  of  the  machine  to  pick  up  and  handle  materials 
from  two  cars  in  rear  and  place  them  in  the  track.  In  this  manner  the  ditcher 
is  used  as  a  tracklaying  machine.  The  60-lb.  rails,  33  ft.  long,  are  loaded  on 
the  car  next  to  the  ditcher  and  the  ties  piled  high  on  the  second  car.  The 
dipper  boom  is  removed,  so  as  to  allow  the  use  of  the  machine  as  a  crane,  the 
only  extra  equipment  required  being  two  tie  slings  made  fr(un  short  lengths 
of  cable  with  a  hook  at  each  end,  and  a  pair  of  rail  tongs. 

Two  men  on  the  tie  car  make  up  bundles  of  ties  which  are  picked  up  and 
swung  around  onto  the  grade  ahead,  where  they  are  distributed,  17  ties  to 
the  rail,  by  a  gang  of  six  men.  After  placing  the  ties  the  rails  are  picked  up 
from  the  car  by  center  tongs  of  a  special,  non-teetering  type,  a  man  on  the  rail 
^r  ho(4dng  them  to  the  rail.  They  are  then  swung  around  in  front  and  heeled 
tto  the  angle  bars.  Two  men  also  put  on  the  bridles  to  hold  the  rails  in 
le  and  to  gage  imtil  spiked.    One  man  brings  the  angle  bars  forward  from 

e  front  of  the  rail  car  and  places  them  on  the  rails  and  another  man  bolts  up 

e  joints.    One  man  is  employed  to  carry  the  bridles  ahead,  to  be  used  as 

St  as  the  rail  is  laid  up  to  them.  These,  togeth^  with  the  operator  and  flre- 
.an  of  the  ditcher,  make  a  crew  of  IQ  men  required  for  laying  track,  the  gang 
.wing  made  up  as  follows: 
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2  men  on  tie  oar. 

6  men  distributing  ties. 

1  man  attaching  rail  hooks. 

2  men  heding  in  rails  and  putting  on  bridles. 
1  man  carrying  bridles. 

1  man  placing  angle  bars  on  rails. 

1  bolter. 

2  men  to  operate  the  ditcher. 

In  pladnsr  rails  the  ditcher,  after  8Wiiig:iBg  the  rail  around  to  the  front,  is 
run  out  to  the  end  of  the  flat  car  on  which  it  operates,  so  as  to  swing  the  near ' 
end  of  the  rail  slightly  beyond  the  joint.  Tiie  machine  then  backs  up  until 
the  line  that  holds  the  raO  hangs  at  a  considerable  ang^e,  in  whkdi  position  the 
rail  is  easily  heeled  into  the  joint.  The  rail  tongs  are  so  constructed  that  they 
release  as  soon  as  the  rail  rests  on  the  ties. 

The  spiking  crew,  woiidng  behind  the  machine,  consisted  of  2  boilers,  15 
spikers  and  1  spike  peddler,  a  total  of  18  men.  Thus  the  total  crew  required  to 
complete  the  tracklaying  work  numbers  34  men.  As  much  as  3,000  ft.  of 
track  have  been  laid  in  a  day  by  this  crew  on  heavy  grades  and  where  trees 
on  the  right-of-way  must  be  cleared  off.  On  straight  work,  without  clearing, 
it  is  estimated  that  one  mUe  of  track  a  day  can  be  laid.  By  the  use  of  the 
ditcher  in  this  way  the  company  saves  the  wages  of  25  men  at  $3.50  a  day  that 
would  otherwise  have  been  required. 

Cost  of  Making  S-In.  Lift  on  Main  Line  Track. — ^A.  M.  Van  Auken  gives  the 
following  data  in  Engineering  and  Contracting,  Nov.  10,  1010. 

This  work  was  done  on  April  0,  1017,  on  the  Michigan  Central  R.  R.  The 
weather  was  clear  and  the  temperature  was  about  50^  F.  A  total  length  of 
1,221  ft.  of  3**  curved  track  was  lifted.  In  addition  62  ties  were  placed  in 
track.    The  force  was  as  follows: 

*    1  foreman $00.00  per  month 

1  assistant  foreman 77 .  50  per  month 

1  cook 2. 10  per  day 

1  timekeeper 75.00  per  month 

22  laborers 2. 10  per  day 

1  water  boy 2 .  10  per  day 

2  flagmen 2. 10  per  day 

Of  the  above  force  the  timekeeper,  cook,  water  boy  and  the  two  flagmen 
%Te  classed  as  "dead"  labor. 

The  men  left  the  bunk  cars  at  6:30  a.  m.,  and  began  work  at  7.  Tbey 
lifted  track  from  7  to  1 1 :  30,  took  half  hour  for  lunc^,  and  were  engaged  again 
from  12  to  4 :  30  p.  m.  in  lifting  track.  They  left  the  work  at  4 :  30  and  arrived 
it  bunk  cars  at  5  p.  m.  It  will  thus  be  noted  that  the  working  time  was  9 
lours.  However,  there  was  a  total  delay  of  40  minutes  due  to  passing  trains, 
^hicb  makes  the  actual  working  time  8  hours  and  20  minutes. 

The  equipment  used  consisted  of  track  tools  and  three  hand  cars. 

The  cost  of  the  work  was  as  follows: 

Per  lin.  ft. 
of  track 

Superintendency $0.0038 

Active  labor 0314 

Dead  labor 0074 

Delays  to  entire  gang 0077 

Total,  cost  of  2-in.  lift  and  replacing  .05  of  a  tie $0.0603 
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Cost  of  Renewing  RaiL— The  following  data  given  by  D.  A.  WaUaee  in 
Engineering  and  Contracting.  Aug.  31,  1910,  include  various  items  of  work 
besides  rail  renewal  proper  but  all  come  within  the  same  general  dassiBcation. 

Job  i.— Relaying  58-lb.  with  85-lb.  rail,  full  bolted,  full  spiked  and  gaged, 
with  negro  labor  at  $1.25  and  foreman  at  $60  per  month,  in  May,  1906.  The 
work  was  done  by  a  gang  averaging  1  foreman,  31  men  and  1  water  boy. 
Delays  include  delays  by  trains  and  time  spent  in  trucking  badly  distributed 
rail,  etc.  The  angle  bars  were  6-hole,  4-in.  bars.  The  work  was  full  bolted, 
full  spiked  and  completed  each  day.  Connection  for  tratais  was  made  by 
using  a  short  piece  of  old  rail  cut  to  fit  and  connected  with  the  new  rail  by  a 
compromise  joint  The  average  number  of  feet  of  rail  laid  per  day  with  the 
gang  of  33,  as  noted  above,  was  1306  ft.  with  an  average  of  3.5  hrs.  delay. 

The  cost  was  $3^.33  per  100  ft.  of  trade  or  $176  per  mile  of  track. 

Job  9, — Owing  to  the  narrow  fills  at  some  places,  and  to  the  amount  of  rock 
at  others,  it  was  occasionally  necessary  in  unloading  the  rail  to  skid  it  off  in 
piles  and  then  redistribute  it  from  the  piles  with  the  steel  gang  thus  causing 
delays.  There  were  also  a  few  delays  by  trains.  The  rail  was  56-lb.  changed 
to  70-lb.  and  all  rail  was  curved  for  curves  of  5**  and  over.  About  one-fourth 
of  the  time  was  consumed  in  curving  and  tracking  rail.  One-half  the  entire 
distance  was  curves  of  5<*  and  over.  The  average  for  24  days  showed  that  a 
gang  of  19.5  men  (varying  from  2  to  53)  laid  945  ft.  of  rail  per  day  with  delays 
averaging  3.28  hrs. 

Negro  labor  was  employed  at  $1.15  and  $1.25  per  day  and  foreman  at  $75 
per  month.  For  the  first  nine  days'  work  the  rate  was  $1.15  and  for  the 
remainder  of  the  time  it  was  $1.25  per  day.  The  cost  of  the  work  was  as 
follows: 

Item  Per  ft.        Per  rail       Per  mile      Per  cent 

Unloading $0,004  $0.13  $21.05  9.8 

Curving 0.0054  0.179  28.66  13.4 

Distributing 0.003  0.097  14.59  6.8 

Laying 0.0283  0.936  149.80  70.0 

Total $0.0407       $1,342         $214.10         100.0 

Applying  Tie  Plates, — ^The  tie  plates  were  applied  to  white  oak  ties  on  track 
in  service.  These  plates  were  placed  under  the  rail  and  settled  with  a  sledge. 
After  three  or  four  days  they  were  settled  completely  with  a  sledge.  During 
this  work,  there  were  an  average  of  6  braces  to  a  rail  to  remove.  White 
labor  was  employed  at  $1.10  per  day  and  foreman  at  $50.  The  best  record 
was  140  plates  per  man  per  day,  the  average  was  93  plates  per  man  per  day. 

The  cost  of  appl3ring  each  plate  was  1.1  ct. 

Cfaging  Track. — (1)  This  record  is  of  work  done  by  season  gangs.  The 
track  was  in  very  poor  gage  due  to  sharp  curvature  and  rotten  white  oak  ties. 
In  the  majority  of  cases  the  rail  was  gaged  on  each  tie.  All  old  spike  holes 
were  plugged.  Ties  were  adzed  when  necessary.  The  foreman  made  a  hand 
'n  every  case.  There  was  an  average  of  6  braces  per  rail.  Negro  labor  at 
1.25  and  foreman  at  $50  per  month  were  employed.  The  best  record  was 
76  ft.  per  man  per  day,  the  average  was  205.4  ft.  per  man  per  day. 

The  total  cost  of  gaging  one  mile  was  $28.30. 

2.  This  record  was  made  by  a  picked  gang.    Every  tie  was  gaged  and  holes 

ugged.    No  rail  braces  were  used  as  the  trade  was  on  tangent.    The  gang 

ansisted  of  1  foreman  at  $50  per  month  and  4  laborers  at  $1.10  per  day. 

v)n  this  work  2  men  were  placed  drawhig  spikes  and  2  men  spiking,  the  f6re- 
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man  assisting  in  lining  the  rail,  etc.  This  gang  gaged  1,440  ft.  in  10  hours, 
at  a  cost  of  $22  per  mile. 

DUconnecting  Rail. — The  work  consisted  in  unbolting  30-ft.,  4-bolt  rail 
Eknd  in  fastening  loosely  one  pair  of  angle  bars  to  each  rail  with  two  bolts. 
Negro  labor  at  $1.25  and  foreman  at  $75  per  month  were  employed.  The 
average  record  was  45  rails  per  man  per  day,  the  maximum  was  50. 

The  cost  was  as  follows: 

One  rail $0,027 

One  mile  of  rail ,  • .     4 .  45 

One  mile  of  track 8.90 

Tighuning  Spikes. — This  work  was  done  by  regular  gangs  on  regular  main- 
tenance work.  Each  spike  was  driven  home;  each  man  took  one  rail  length. 
Negro  labor  at  $1.25  per  day  and  foreman  at  $60  per  month  were  employed. 
The  average  record  was  14  rails  per  man  per  day,  the  maximum  was  15. 

Hie  cost  of  tightening  was  0  cts.  per  raU  length  or  $14.40  per  mile  of  track. 

Applying  RaU  Bracef. — The  rail  braces  were  applied  by  small  gangs  and 
track  walkers  on  curves  which  had  been  put  up  to  gage.  The  labor  was  white 
at  $1.10  per  day  with  foreman  at  $50  per  month.  The  average  record  was 
183  braces  per  man  per  day,  the  maximum  was  200. 

The  cost  to  apply  one  brace  was  0.6  ct. 

Curving  RaU. — Rail  33  ft.,  70-lb.  was  curved  to  6**.  Rail  curved  from  side 
and  placed  in  a  roller  Jim  Crow  in  the  center  of  the  track  and  curved  by  8  men. 
Six  men  could  do  the  work,  but  8  were  needed  to  move  the  rail. 

8  men  10  mins.  at  $1.15  per  day $  0. 153 

1  foreman  5  mins.  at  $75  per  mo 0. 020 

Total,  one  rail $  0. 173 

This  gives  a  cost  of  $55.36  per  mile. 

Wrenching. — (1)  This  work  was  on  4-bolt  joints  on  66-lb.,  30-ft.  rail;  the 
bolts  had  not  been  tightened  in  5  years.  At  each  Joint  one  bolt  was  broken 
out  and  replaced.  Negro  labor  at  $1.10  and  foreman  at  $50  per  month  were 
employed.  The  average  record  was  61  Joints  per  man  per  day,  the  maximum 
was  87. 

The  cost  of  tightening  was  as  follows: 

1  bolt $  0.0045 

1  joint 0.018 

1  mile  of  track 6. 35 

2.  On  this  job  the  bolts  were  in  good  shape  in  6-bolt  Joints  on  33-ft.  rafl. 
Negro  labor  at  $1.25  per  day  and  foreman  at  $60  per  month  were  emplojred. 
The  average  record  was  80  joints  per  mui  per  day,  the  maximum  was  85. 

The  cost  was  as  follows: 

One  bolt $0.0025 

One  joint ".....     0. 015 

One  mile  of  l^aek 5. 00 

Time  Tests  in  Relasring  108-Ib.  Rail. — ^A.  M.  Van  Auken  gives  the  following 
data  in  Engineering  and  Contracting,  Nov.  10,  1919. 

In  connection  with  the  relaying  of  104  pieces  of  105-lb.,  33-ft.  new  rail  in 
the  yards  of  the  Midiigan  Central  R.  R.  at  Jackson,  Mich.,  on  March  2, 1917, 
several  tests  were  made  of  different  operations  to  determine  the  average 
amoimt  of  time  used  and  lost  during  a  day's  work  on  this  kind  of  construction. 
On  the  day  this  work  was  done  the  weather  was  dear  and  cold  with  a  tem- 
perature of  +  12*»  F. 
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The  force  engaged  was  as  follows: 

Total 
daily  cost 

1  foreman  drilling  at  187.50 , $    3. 40* 

1  assistant  foreman  at  $75 2 .  90* 

1  timekeeper  at  $75 2 .  90* 

2  cooks  at  12 4.00 

40  laborers  at  S2 80.00 

1  water  boy  at  12 2.00 

2  men  drilling  at  S2.50 5.00 

1  man  wiring  at  $2.25 2 .  25 

Total  daily  cost ' $102.45 

*  On  the  basis  of  26  working  days  per  month.  It  should  be  b(n^e  in  mind, 
however,  that  the  men  on  a  monthly  scale  receive  pay  regardless  of  whether  or 
not  the  rest  of  the  gang  is  working. 

The  men  drilling  and  wiring  were  engaged  in  bonding.    With  the  exception 
of  this  bonding  crew  and  the  timekeeper,  the  entire  labor  force  were  Turks. 
The  material  used  in  the  work  was  as  follows: 

104  pieces  of  105rlb.,  33-ft.  new  rail. 
103  pieces  of  105-Ib.,  38-in.  angle  splices. 

4  Kegs  of  track  spikes. 
624  bolts  with  nuts. 

212  pieces  of  52-in.  copper  plated  bonding  wires. 
424  pieces  copper  plated  bonding  lugs. 

1  pair  105-lb.  continuous  insulated  joint. 
2,580  wooden  tie  plugs. 

The  labor  force  left  the  bunk  houses  at  6  a.  n^,  on  hand  cars  for  Jackson 
Yards,  3  miles  distant.  They  arrived  at  the  yards  at  6: 20  a.  m.  Unloading 
band  cars  and  preparing  for  work  took  from  6: 20  a.  m.  to  7: 00  a,  m.  From 
the  latter  hour  to  12: 30  they  were  engaged  in  laying  raiL  The  dinner  hour 
was  from  12: 30  to  1 :  30  and  from  1 :  30  to  5: 00  the  gang  worked  relaying  rail. 
They  left  the  yards  for  the  bunH  houses  at  5  p.  m.,  arriving  there  at  6  p.  m. 
The  above  time  includes  delays  from  various  causes  but  does  not  include  the 
time  taken  for  cutting  bolts  and  taking  apart  old  rail. 

Waiting  for  material  to  be  distributed  along  the  track  and  for  a  train  to 
pass  so  track  could  be  broken  made  22  labours  idle  from  7  a.  m,  to  7: 30  a.  m., 
and  36  laborers  from  7: 30  a.  m.  to  7: 50  a.  m.  Breaking  and  closing  track  for 
continuous  traffic  amoimted  to  3  hours  for  the  various  trains.  While  this 
operation  does  not  make  the  men  idle,^  it  delays  the  progress  of  the  work.  The 
men  are  kept  busy  spiking  and  fastening  the  rail  which  had  not  becA  com- 
pletely finished  as  the  work  proceeded.  An  accident  to  one  of  the  men  caused 
the  gang  to  be  idle  for  10  minutes. 

The  time  tests  of  the  various  operations  gave  the  following  results: 

Driving  Spikes. — It  took  one  man  15  minutes  to  drive  20  spikes.  With 
a  unit  of  one  spike  for  the  same  man  the  following  time  was  used  for  each 
spike  drive:  1  minute;  45  seconds;  30  seconds;  30  seconds;  25  seconds;  30 
seconds;  15  seconds;  30  seconds. 

Bonding. — One  man  drilling  four  holes  in  each  105-lb.  rail  with  drilling 
machine: 

Delay  in  starting         Time  from  start  to  finish  Time  to  move  to  next  joint 

4  min.  15  sec.  85  sec. 

15  sec.  5  min.  40  sec.  40  sec. 

0  sec.  4  min.  25  sec  35  so. 

5  sec.  4  min.  20  sec.  40  see. 

25  sec  3  min.  55  sec. 
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With  one  man  vririDg  and  two  men  bonding  wires  to  each  joint  the  following 
'eoords  were  obtained:  ^ 

Time  from  start  to  finish  Time  to  move  to  next  joint 

1  min.,  00  sec.  10  sec. 

1  min.,  15  see.  12  sec. 

1  min.,  18  sec.  15  sec. 

1  min.,  20  sec.  10  sec. 

1  min.,  50  sec.  20  sec. 

1  min.,  20  sec.  10  sec. 

1  min.,  19  sec.  12  sec. 

In  addition  to  this  15  minutes  were  used  to  bend  125  bonding  wires  at  <me 
nd  and  distribute  them  over  2,000  ft.  of  track. 

Pulling  Spiket. — One  test  showed  that  18  laborers  puUed  700  spikes,  in  a 

listancQ  of  1,155  ft.,  in  30  minutes.    At  a  unit  of  one  83-ft.  rail  length,  20 

ies  to  the  rail,  spikes  pulled  on  both  sides  of  one  rail  only,  it  took  7  laborers  12 

oinutes  to  pull  the  40  spikes.    At  a  unit  of  one  man  for  20  spikes  (one  side 

•f  33-ft.  rail)  the  two  records  varied  greatly  as  will  be  seen  from  the  following 

able: 

Time 

St  man * 14  min; 

!nd  man 3  min., 

ird  man 8  min.,  30  sec. 

th  man 6  min.,  25  sec. 

•th  man 5  min.,  20  sec. 

th  man » 8  min.,  50  sec. 


Li/ling  Old  Rail  and  Throwing  Off  Ties. — Four  laborers  handled  254  ft.  in 
4  minutes,  and  3  laborers  handled  990  ft.  in  43  minutes.  These  entire  lengtlis 
irere  in  one  piece,  and  on  one  side  of  the  tracks  the  rail  was  lifted  ov^r  the 
•utside  line  of  spikes,  as  these  were  left  in  to  set  and  line  new  rail. 

Plugging  Old  Spike  Holes  and  Adzing  Ties. — In  this  work  7  laborers  covered 
64  ft.  in  25  minutes;  and  9  laborers  covered  990  ft.  in  50  minutes.  This 
icludes  sweeping  and  removing  dirt  from  the  ties. 

Placing  New  Rail. — Ten  laborers  placed  30  lengths  of  105-lb.  83-ft.  new  rail 
1  56  minutes,  despite  the  fact  they  were  held  up  15  minutes  waiting  for  the 
dzing  gang  to  clear  ties. 

Placing  Splices. — In  this  work  two  bolts  were  first  fastened  in  the  splice 
fter  the  rail  had  been  placed  for  passing  trains.  The  remaining  bolts  were 
istened  later  during  spare  time  of  men.  The  time  for  placing  two  bolts  and 
plice  was  as  follows: 


Time  from  start  to  finish 

3  min. 

3  min.,  30  sec. 
3  min. 
11  min.  for  insulated  joint 


Time  moving  to  next  joint 

80  sec. 
80  sec. 

1  min.' 

1  min. 


Small  Turntable  Cats  Cost  of  Handling  Relay  Rails. — John  H.  Sawkins 
ives  the  following  helpful  suggestion  in  Engineering  News-Record,  May 
4,  1917. 

The  turntable  shown  in  the  accompanying  sketch  proved  a  big  labor  and 
me  saver  in  h«-nd»ng  rails  for  the  car-repair  yard  of  the  Pennsylvania  R.  R. 
t  Greenville,  New  Jersey. 
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The  85-lb.  rails  used  were  second-hand,  and  the  ball  of  each  was  badly 
worn  on  one  side.  It  was  therefore  necessary  to  place  the  unworn  side  on  the 
inside  of  the  track  being  laid  and  it  happened  that  many  of  the  rails  had  to 
be  turned  end  for  end  before  placing  them.  Previous  to  building  the  turn- 
table it  required  considerable  maneuvering  by  a  gang  of  at  least  six  men  to 
turn  one  rail.  With  the  turntable,  however,  which  is  set  up  about  18  ft.  fnnn 
the  track  being  laid,  two  men  can  turn  a  rail  with  ease.  The  device  was  made 
complete  for  $8. 


"     msher 


'w^"^^^^w> 


l<-3^>J 


Fig.  7. — Device  saves  much  time  in  handling  old  rails. 

Unit  Costs  for  Railway  Switches. — The  following  data,  relating  to  switch 
installations  in  Detroit,  Mich.,  for  the  Michigan  Central  R.  R.,  are  given  by 
A.  M.  Van  Auken  in  Engineering  and  Contracting,  Dec.  17,  1919. 

Cost  of  material  in  switches  from  ledger  account. 


90-lb.  rail: 

Number  of  switches  installed 2 

Highest  cost  per  switch ^197 .  28 

Lowest  cost  per  switch 195. 82 

Average  cost  per  switch 196. 55 

80-lb.  rail: 

Number  of  switches  installed 32 

Highest  cost  pw  switch $274 .  90 

Lowest  cost  per  switch 142. 02 

Average  cost  per  switch 178 .  17 

65-lb.  rail: 

Number  of  switches  installed 24 

Highest  cost  per  switch. $222. 19 

Lowest  cost  per  switch 131 .  70 

Average  cost  per  switch 163.74 

70-lb.  rail: 

1  installed,  cost $155. 54 

Cost  of  material  in  industry  tracks.    Exclusive  of  switch  material. 

Number  of  jobs 35 

Total  length  of  track  laid,  ft 30.933 

Highest  cost  per  foot $     1 .3094 

Lowest  cost  per  foot .  5678 

Average  cost  per  foot .  7950 
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Installing  switches,  laying  switches  and  setting  concrete  dumping  posts. 

Installing  switches: 

Number  installed 50 

Lowest  cost  of  installation S  16.06 

Highest  cost  of  installation 79. 96 

Average  cost  of  installation 45. 50 

Laving  track: 

Number  of  jobs 35 

Total  length  of  track,  ft.* 30.281 

Average  length  per  job,  ft 865 

Lowest  cost  per  lin.  ft $    0.0577 

Highest  cost  per  lin.  ft .2545 

Average  cost  per  lin.  ft .  1488 

*  Exclusive  of  switches. 

Setting  bumping  poets: 

Number  set 17 

Largest  number  on  one  job 7 

Smallest  number  on  one  job 1 

Average  number  on  one  job 1.7 

Highest  cost  per  poet $        6. 40 

Lowest  cost  per  post 2 .  01 

Average  cost  per  post..'. 4.21 

Cost  of  Replacing  Three  CroMing  Diamonds. — ^A.  M.  Van  Auk^i  gives 
the  following  data  in  Engineering  and  Contracting,  Jan.  21,  1920. 

This  work  was  done  on  May  7-9, 1917,  by  the  Michigan  Central  R.  R.  It 
Involved  the  replacing  of  crossing  diamonds  at  East  Main  St.,  Jackson,  Mich. 
One  of  them  was  in  the  westbound  main  track,  another  in  the  eastboimd  main 
track,  and  the  third  in  a  sidetradc.  The  track  was  crossed  by  one  street 
railway  track  of  the  Michigan  Ry.  The  electric  cars  averaged  1  per  minute 
during  the  greater  part  of  the  day.  Vehide  and  pedestrian  traffic  also  was 
heavy.  The  weather  during  the  three  days  was  yariable,  the  temperature 
ranghig  from  45  to  55^. 

The  three  crossing  diamonds  were  of  the  Ajax  type,  22  ft.  11  in.  by  22  ft. 
11  in.  in  size.  They  consisted  of  1004b.  manganese  built  up.  The  angle  of 
crossing  was  34**  48'.     The  cost  of  the  three  was  $2,302.50. 

The  materials  required  for  the  three  crossings  were  as  follows: 

Crossing  Crossing 

No.  1  No.  2  Crossing 

West-bound  East-bound  No.  8 

main  track  main  track  side  track 

Ties 19  16  15 

Rails,  100-Ib.,  83  ft 4  4 

3i>lices,  100-lb.,  23-in.  continuous,  non- 
insulated,  pairs 8  8  10 

Bolts  with  nut  locks 32  82  40 

Tie  plates.  Sellers 14  9  8 

Spikes,  kegs 2  2  .6 

In  addition  five  12-ft.  ties  were  divided  among  the  three  crossings.  Cross- 
ngs  Nos.  1  and  3  each  had  two  pairs  of  special  compromise  joints  furnished  by 
electric  raUway. 

Two  roadmasters  were  on  the  work  part  of  the  day.  The  laborers  included 
10  Poles  and  3  Americans.  Work  was  started  at  7:30  a.  m.  and  continued  to 
>:30  p.  m.,  with  1  hour  ott  for  lunch.  Except  as  noted  below  the  17  laborers 
policed  full  time  in  removing  bricks  and  planking  and  excavating  at  crossings 
>^os.  2  and  3.  Two  men  worked  2  hours  removing  bolts  from  14  joints — 2. 
)olt8  to  the  joint — and  1  foreman  and  6  laborers  worked  1  hour  and  15  minutes 
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in  hauling  ties.  Work  was  carried  on  during  the  night  of  May  7~S  in  ftinwiging 
the  sidetrack  diamond.  Four  laborers  worked  from  6:30  to  0:30  p.  m.,  and 
23  laborers,  5  foremen  and  1  assistant  foreman  worked  from  0  pjn.  to  6:15 
a.  m.  Three  oil  and  two  carbide  lights  furnished  illiunination.  A  work  train, 
consisting  of  engine,  crane,  1  fiat  car  and  1  box  car.  was  in  service  from  10 
p.  m.  to  6  a.  m.    The  charges  for  this  service  were: 

Train  crew  and  engine  crew $4. 00  per  liour 

Engine  rental 10.00  per  day 

Crane  rental 20. 00  per  day 

Crane  engineer 3 .  96 

Crane  machinist 4 .  44 

Box  car 60  per  day 

Flat  car 60  per  day 

The  day  force  on  May  8  consisted  of  6  foremen,  1  assistant  foreman  and  23 
laborers,  who  worked  from  7:30  a.  m.  to  3  p.  m.  with  pay  for  1  day,  and  2 
foremen,  and  12  laborers,  working  from  2  to  5:30  p.  m.  In  addition  there  was 
one  team  and  driver  employed  from  10  a.  m.  to  6: 30  p.  m.  with  pay  for  1  day. 

The  equipment  consisted  of  track  tools  and  push  car. 

Work  during  the  night  of  May  8-9  was  carried  on  at  the  eastbound  main 
track  crossing  and  westbopnd  main  track  crossing. 

The  force  consisted  of  7  foremen,  1  assistant  foreman  and  35  laborers,  who 
worked  from  10:45  p.  m.  to  5:45  a.  m.,  and  were  credited  with  pay  for  1  day. 

The  force  employed  on  May  9  consisted  of  three  foremen  and  six  laborers, 
working  from  8  a.  m.  to  11:30  a.  m.;  two  laborers,  working  from  9  a.  m.  to 
11:30  a.  m.,  and  3  foremen  and  12  laborers,  woridng  from  12:30  to  6:30  p.  m. 

In  the  following  summary  of  the  cost  of  installing  the  three  crossing  dia- 
monds, with  the  exception  of  foremen,  where  rate  of  pay  shown  is  for  the  month, 
and  train  and  engine  crews  where  the  rate  is  per  hour,  the  rates  shown  are  the 
daily  wage. 

West-bound  Main  Track  Crossino 
Labor: 

Day  of  May  8 —  Total 

1  yard  foreman,  fi  day  at  S90 S    2. 60 

1  assistant  yard  foreman,  ^  day  at  $75 2. 16 

4  section  foremen,  9i  day  at  $77.50 8. 94 

2  section  foremen,  %  day  at  $77.50 2. 24 

20  laborers,  H  day  at  $2.25 33. 76 

12  laborers,  %  day  at  $2.25 10. 13 

Night  of  May  8— 

35  laborers,  H  day  at  $2.25 39.38 

Day  of  May  ^-— 

1  yard  foreman,  H  day  at  $90 1.15 

2  section  foremen,  H  day  at  $77.50 1 .99 

9  laborers.  H  day  at  $2.25 10. 18 

1  laborer,  ^  day  at  $2.25 .76 

1  team  and  driver,  ^  day  at  $6 4 .  50 

Total  labor*. $117.72 

quipment  and  Service: 

Engine  rental,  H  day  at  $10 $     6.00 

Crane  rental,  H  day  at  $20 10. 00 

Flat  car,  H  day  at  50  ot .26 

Box  car,  fi  day  at  50  ct .26 

Train  ana  engine  crews,  4  hours  at  $4 16. 00 

Crane  crew 4. 60 

Total  equipment  and  service > $  36. 10 

Grand  totalt 153.82 
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East-bound  •  Main  Track  Cbossing 
i^abor: 
Day  May  7 — 

1  yard  f oreman,  H  day  at  $90 $    1 .  78 

2  section  foremen,  H  oay  at  $77.50 2.98 

1  assistant  yard  foreman,  M  day  at  $75 1 .44 

17  laborers,  }4  day  at  $2.25 19. 13 

1  team  and  ariver,  H  day  at  $6 3.00 

Day  May  8 — 

1  yard  foreman,  li  day  at  $90 .87 

1  assistant  yard  foreman,  K  day  at  $75 .72 

4  section  foremen,  Ji  day  at  $77.50 2. 98 

2  section  foremen,  J^  day  at  $77.50 .75 

20  laborers,  M  day  at  $2.25 11 .  25 

12  laborers,  H  day  at  $2.25 3.38 

Night  May  8-— 

35  laborers,  M  day  at  $2.25 89.38 

Day  May  9 — 

1  yard  foreman,  H  day  at  $90 $     1 .  15 

2  section  foremen,  H  oay  at  $77.50 " 1 .  99 

7  laborers,  H  day  at  $2.25 7 .  88 

1  laborer,  M  day  at  $2.25 .75 

1  team  and  driver,  K  day  at  $6 1 .  50 

Total  labor* $100.88 

Equipment  and  rental  same  as  West-bound  Main  Track  Crossing. .  36. 10 

Grand  totalf $136.98 

Sidetrack  Crossinq 
Labor: 
Day  May  7 — 

1  yard  foreman,  H  day  at  $90 $     1. 73 

2  section  foremen,  H  aay  at  $77.50 2. 98 

1  assistant  yard  foreman,  H  day  at  $75 1 .  44 

17  laborers,  H  day  at  $2.25 19. 13 

Team  and  driver,  H  day  at  $6 3.  00 

Night  May  7 — 

23  laborers,  1  day  at  $2.25 61. 75 

Day  May  8 — 

3  laborers,  1  day  at  $2.25 6.  75 

1  yard  foreman,  H  day  at  $90 1.15 

Day  May  9 — 

2  section  foremen,  H  day  at  $77.50 1. 99 

2  laborers,  H  day  at  $2.25 2. 25 

1  laborer,  H  day  at  $2.25 .75 

Total  labor* $  92. 92 

Equipment  and  service: 

Engine  rental,  1  day  at  $10 $  10. 00 

Crane  rental,  1  day  at  $20 20. 00 

Flat  car  rental,  1  day .50 

Box  car  rental,  1  day .50 

Train  and  engine  crews,  8  hours  at  $4 32. 00 

Crane  crew 8. 39 

Total  equipment  and  service $  71 .  39 

Grand  totalf 164. 31 

*  Seven  Foremen  worked  night  of  May  8  without  additional  pay. 
t  This  total  does  not  include  complete  cost  of  surfacing. 

Cost  of  Maintaining  Anchored  and  Unanchored  Track. — The  relative  cost 
»f  maintenance  of  unanchored  track  and  track  anchored  to  prevent  creeping 
>f  ties  is  shown  in  an  article  in  the  Railway  Age  Gazette,  from  which  Engineer- 
ng  and  Contracting,  March  27,  1912,  gives  the  following  abstract. 
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The  data  ate  taken  from  records  made  on  the  maintenance  of  3H  milea  of 
double  tangent  track  of  level  grade,  light  gravel  ballast,  85  lb.  rail  and  broken 
joints.  The  ^eavy  traffic  was  north  bound  and  consequently  all  data  are 
based  on  the  north  bound  track,  as  the  creeping  tendency  here  was  decided. 
This  track  had  been  put  in  service  14  months  before,  and  one  mile  in  the  center 
of  the  stretch  was  anchored,  leaving  1^  miles  on  the  north  and  one  mile  on 
the  south  end  not  anchored.  Where  the  track  was  anchored,  640  anti- 
creepers  were  applied,  two  per  rail  length,  opposite  joints  against  opi>o8ite  end 
of  joint  ties.  The  anti-creepers  have  received  no  maintenance  and  have  shown 
no  failure,  although  they  had  been  in  service  14  months  at  the  time  of 
inspection. 

The  character  of  the  work  done  on  the  two  pieces  of  track  in  14  months  is 
stated  in  the  columns  below: 

Anchored  track — 
Track  resurfaced  once. 

Unanchored  track; — 
Track  resurfaced  twice. 
Ties  spaced  twice. 
Rail  driven  back  twice. 

The  total  maintenance  cost  for  the  mile  where  the  anti-creepers  were  applied, 
including  the  cost  of  anti-creepers,  is  as  follows: 

Cost  of  anti-creei>er8,  640  at  17H  cts.  each. $112.00 

Applying  640  anti-creepers  at  H  ct.  each 3 .  20 

Resurfacing,  10  men  worldng  16  days,  at  $1.55  per  day. . .     248 . 00 

Total $363.20 

The  total  cost  of  the  next  mile  north  of  the  mile  where  the  anti-creepers 
were  applied,  subject  to  the  same  conditions  of  traffic,  roadbed,  etc.,  but  unan- 
chored, is  given  below: 

Cost  of  resurfacing  twice,  each  time  10  men,  16  days,  at  $1.55  per  day, 

$248 $    496.  00 

Coat  of  respacing  ties  twice,  each  time  10  men,  17  days,  at  $1.55  per 

day,  $263.50 627.  00 

Cost  of  driving  back  rail  twice,  each  time  10  men,  2  foremen,  6  days, 

at  $1.55  per  day,  $111.60 223. 20 

Total $1 .246. 20 

This  shows  a  saving  in  14  months  of  $883  in  favor  of  the  anchored  track. 

It  will  be  noted  that  the  original  cost  of  the  anti-creepers  and  of  their  appli- 
cation have  been  included  in  the  first  14  months.  These  costs  are  properly 
chargeable  over  the  total  number  of  years  anchors  are  in  service,  which  in  all 
cased  is  at  least  as  long  as  the  life  of  the  rail  on  which  they  are  applied.  This 
would  make  the  saving  considerably  greater  than  has  been  estimated.  Fur- 
thermore, this  maintenance  cost  does  not  include  injury  done  to  ties,  spikes 
and  joints,  which  was  considerable  where  anchors  were  not  applied,  as  the 
creeping  had  pulled  the  ties  badly  askew,  bending  or  completely  destroying 
the  spikes  and  often  causing  broken  joints.  Where  the  anti-creepers  were 
applied,  this  wear  and  tear  were  hardly  worth  considering. 

The  above  figures  were  obtained  directly  from  the  railway,  and  the  road- 
master  stated  that  he  could  have  maintained  this  3H  miles  of  track  in  better 
shape  with  three  men  less  per  year  had  he  been  allowed  to  anchoi*  the  balance. 

Railway  Maintenance  Cost  is  Increased  by  Fast  Passenger  Trains. — The 
following  note  is  taken  from  the  Engineeflng  News-Record,  April  25,  1918. 

Speed  of  trains  a£Fect8  the  cost  of  maintenance  of  way  and  structures  to  the 
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U  the  higtaer  the  proportion  of  passenger  traffic,  which  may  be  tm- 
hlgh-apeed  traffic,  the  greater  the  coat  of  malatemuioe.  This  Is  tha 
uiired  at  In  a  prellmlQar;  report  presented  b;  tbe  track  committee 
annual  meeting  at  the  American  Railway  Engineering  Aaodatlon. 
Id  tbe  accoinpaiijiiig  dlBgrapi,  the  curved  lines  represent  tFOfflc  of  which 
ki  miles  constitute  7.G,  I2.S  and  20.3%  of  tbe  total  car  mileage. 
It  Is  recognized  by  the  committee  that  the  assumption  of  high-speed  and 
n-Bpeed  traffic  aa  STnooyniDua  witb  passenger  and  freight  CrafQc  Is  not  ea- 
rely  correct,  but  this,  the  committee  says,  offeis  tbe  only  opportunity  lor 
laasiTylDg  expenses  la  accordance  with  differences  of  speed.  The  or-mile 
'as  taken  aa  the  unit  lor  comparison  on  the  ground  that  It  gives  the  best 
leaaun  of  the  facilities  required  by  each  class  of  tralBc, 


Labor  ScTinf  DeTtces  in  Halotenanca  ol  Way  Work.— Much  useful  InTor- 
latlon  on  labor-eaving  devices  lor  track  work  was  given  in  a  committee 
Bport  adopted  at  tbe  1620  annual  meeting  of  the  Roadmasteis  and  Malnte- 
ance  of  Way  AsaociatioD.  The  following  data  are  taken  from  an  abstract  of 
lie  report,  published  In  Engineering  and  Contracting,  Feb.  IS.  1020. 

Mechanical  Tie  ramperi. — The  great  majority  of  those  who  bare  used  a 
imping  machine  and  given  it  a  fair  trial  will  testify  to  its  wonderful  value 
s  a  labor-aaTlng  device.  It  is  tbe  committee's  observation  that  the  machine 
'ork  is  more  uniform  and  better  thsn  track  lamped  by  hand.  It  has  been 
roved  titat  a  tamping  machine  Is  of  particular  value  around  frogs  and 
Altchea,  water  pans,  tunnels,  etc.,  as  It  Is  possible  to  tamp  Witb  it  in  places 
■hich  cannot  be  reached  by  a  tamping  bar  or  pick. 

Carefully  complied  Sgures  for  hand  and  madhlne  tamping  from  several 
lilwaye  covering  a  i>eriod  of  three  seasons  follow: 

For  a  2-tool  macbine:  I  foreman,  10  hours  at  32  cts.,  (3.20;  4  men,  lOhours 
t  22  Cts.,  tS.SO;  IS  gal,  gasoline  at  24  cts..  %S£a;  total.  tU.SS. 

Without  machine:  1  foreman,  10  hours  at  32  cts..  •3,20;4men,  lObouraat 
2  cts.,  tS.SO:  total  *12. 

Cost  per  mile  Of  track  without  machine.  32  days  at  S12.  t384.00;  cost  per 
ille  of  track  with  machine,  18  day^at 
lachine,  1 146.92. 
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For  a  4-tool  machine  the  comparison  between  hand  tamping  and  mechanical 
tamping  was  as  follows: 

Hand  gang  and  foreman,  16  men,  8  hoiirs,  tamped  500  ft.  of  track;  machine 
gang  and  foreman,  6  men,  8  hours,  tamped  528  ft.  of  track;  saviiig  of  10  men 
and  80  hours  for  machme. 

Expense:  Hand  gang  and  foreman,  16  men,  $43.50;  machme  gang  and 
foreman,  6  men,  $18.50  (cost  to  run  $6.95);  $24.45;  saving  by  machine, 
$18.05. 

Fixed  charges  are  given  as  follows  as  near  as  it  is  possible  to  get  them: 
Depreciation  at  10  per  cent,  interest  5  per  cent,  repairs  5  per  cent,  total  fixed 
charges  20  per  cent. 

Experience  during  the  four  years  this  machine  has  been  in  use  teaches 
that,  under  normal  conditions  in  the  northern  states,  each  machme  will  be 
used  during  the  season  to  tamp  about  20,000  ties. 

Handling  Cinders. — At  one  cinder  pit  where  crane  is  used  the  cost  of  load- 
ing cinders  for  a  year  was  $0,007  per  j'ard,  while  at  a  pit  where  cinders  were 
loaded  by  hand  the  cost  was  $0.13  per  yard. 

Cost  of  unloading  cinders  by  hand,  16  cts.  per  yard ;  by  dropping  bottoms, 
Rodgeis  ballast  cars  7  cts.  per  yard;  steel  gondolas,  7  cts.  per  yard. 

Comparative  statement  of  leveling  cinders  by  hand  and  by  the  use  of* 
spieader:  In  H  hour  a  spreader  has  leveled  3,000  yds.,  costing  less  than 
$0,001  per  yard.     To  do  similar  tvork  by  hand  cost  $0,123  per  yard. 

Rail  Handling  Machines. — ^As  much  new  rail  is  received  m  high-side  coal 
cars  it  has  become  absolutely  necessary  that  some  mechanical  device  be  used 
for  unloading  it.  Not  on  account  of  the  labor  shortage  alone,  but  to  avoid 
damage  to  rails  by  dropping  or  rough  handling,  is  such  a  device  needed. 
The  constant  demand  for  quick  release  of  cars,  the  high  cost  of  work  trains, 
and  the  few  hours  of  actual  work  on  a  line  of  heavy  traffic  require  a  device 
that  will  work  rapidly  with  a  maximum  factor  of  safety  to  laborers. 

There  are  rail-handling  machines  in  use  which  are  capable  of  loading  or 
unloading  two  cars  of  rail  at  the  same  time.  For  the  operation  of  these 
machines  nine  men  are  required,  one  man  to  operate  hoists  and  four  men  to 
each  car  of  rails.  The  machme  is  operated  by  air  from  the  tram  line.  Such 
machines  will  unload  rails  more  quickly  and  without  damage  to  rails  or  injury 
to  men  than  could  be  accomplished  by  40  men  by  hand,  thus  a  saving  of  31 
men  a  day  is  made  possible.  This  machine  can  also  be  equipped  with  tongs 
to  load  or  unload  as  many  ties  with  three  men  as  can  be  loaded  or  unloaded  by 
20  men  by  hand. 

Snow  Melting  Devices. — The  committee  is  not  unanimous  in  its  views  as  to 
the  benefits  to  be  derived  from  snow  melting  devices.  The  following  results 
were  submitted  by  one  of  the  members: 

Two  laborers  at  $3.80  per  day,  $7.60;  royalty  on  cars,  $5  per  year  (used 
about  5H  months,  2  cars),  6  cts.  per  day;  6  gal.  hydro-carbon  fluid  at  11  cts. 
per  gallon,  66  cts.;  total  cost  with  melting  device.  $832. 

If  done  by  hand:  Foreman  at  $3.35  and  10  laborers  at  $2.80,  total  $31.35; 
6  rattan  brooms  at  28  cts.,  $1,68;  total  cost  by  hand,  $33.03.  Saving  by  use 
of  device,  $24.71. 

Another  device  which  can  be  used  successfully  for  the  same  purpose  is  the 
Hauck  snow  melting  torch. 

Motor  Cars. — The  majority  of  the  committee  is  in  favor  of  the  more  general 
use  of  motor  cars,  particularly  on  lines  of  light  traffic.  Where  the  length  ol 
sections  are  such  as  to  warrant  their  use.    Therefore  it  is  the  committee's 
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opinion  that  the  economy  in  the  use  of  motor  cars  decreases  in  proportion  to 
the  additional  number  of  main  tracks,  which  in  turn  shortens  the  length  of 
sections.  It  has  obtained  the  foltowing  figures  showing  the  eooncnny  effected 
t>y  the  use  of  motor  cars: 

Time  spent  in  carrying  14  men  and  foreman  by  motor  car  14  miles,  30 
[ninutes;  for  round  trip,  1  hour,  or  total  of  15  hours.  Time  spent  for  round 
trip  by  hand  car,  3  hours,  or  a  total  of  45  hours,  showing  a  saving  of  30  hours 
in  favor  of  motor  cars.  There  is  stiU  a  larger  savli^  in  the  increased  energy 
of  the  men  when  they  arrive  on  the  job,  in  the  better  class  of  labor  attached, 
and  in  the  time  saved  on  emergency  jobs. 

The  Horse  as  a  Ldbor-aaver. — On  divisions  where  much  ditching  must  be 
done  by  work  trains  or  wheelbarrows,  teams  with  scrapers  have  been  tried, 
with  the  following  results :  One  laborer  can  fill  scrapers  for  2  to  4  teams,  accord- 
ing to  the  distance  and  advantage  of  working.  Two  horses  can  easily  handle 
a  No.  1  scraper,  whidi  holds  7  cu.  ft.,  and  moves  at  a  2-mile-an-hour  rate, 
with  some  delay  for  filling,  turning  and  dumping  scrapers. 

One  hOTse  of  good  weight  can  handle  a  No.  2  scraper  of  5  cu.  ft.,  and  after 
teams  are  trained  a  boy  not  able  to  do  heavy  manual  labor  can  drive  a  team, 
or  when  in  a  narrow  ditch,  and  one  horse  is  used,  one  boy  can  take  two  sfaigle 
horses  with  a  scraper.  Dirt  can  be  handled  in  very  short  cuts,  at  the  ends  of 
cuts  and  across  the  track,  for  20  cts.  to  25  cts.  per  yard,  and  haul  it  500  to  600 
ft.  for  50  cts.  to  60  cts.  per  yard — ^this  with  teams  at  80  cts.  an  hour  and  labor 
at  85  cts.  an  hour.  By  starting  teams  early  in  the  season,  with  an  experi^iced 
man  in  charge  to  handle  them,  aU  ditching  r4in  be  done  and  balance  of  grang 
left  on  other  track  work.  Teams  can  also  be  worked  in  muddy  cuts  where 
men  won't  work. 

Where  conditions  of  mowing  right  of  way  are  such  that  it  is  possible  to  use 
teams  and  mowing  machines  the  work  can  be  d<me  by  machinery  much  cheaper 
than  by  manual  labor. 

Ditching  Machines,  Dump  Cars  and  5prcodcr«.— When  heavy  ditching  has 
to  be  done  the  use  of  steam  ditchers  is  recommended,  together  with  the  use  of 
at  least  two  16  to  20  yd.  side-dump  cars  and  a  spreader  car  for  short  hauls. 
For  a  longer  haul  from  4  to  6  sfde-dumps  should  be  used.  A  light  locomotive 
can  be  assigned  to  handle  this  outfit,  and  with  an  outfit  of  this  kind,  which 
includes  a  train  crew,  ditcher  engineer  and  fireman,  dirt  can  be  handled  for 
10  cts.  to  25  cts.  per  yard,  according  to  the  length  of  haul. 

Through  long  usage  the  steam  ditcher  and  spreader,  especially  when  the 
latter  is  operated  by  air,  has  reached  such  a  high  state  of  efficiency  that  they 
are  practically  indispensable,  and  the  fact  that  they  can  be  used  for  many 
different  varieties  of  work  places  them  among  the  most  important  labor- 
saving  devices. 

A  saving  of  at  least  60  per  cent  over  that  of  manual  labor  is  obtained  by 
using  a  No.  3  crane  for  removing  ballast  from  between  tracks,  in  preparing  for 
stone  ballast,  digging  drains  under  tracks,  unloading  old  ballast  on  fiUs,  to 
strengthen  shoulder  and  fill  up  holes,  load  and  unload  rails,  and  for  various 
other  purposes. 

The  magnet  is  used  very  successfully  to  load  and  unload  scrap  of  various 
kinds.  This  machine  is  capable  of  picking  up  six  or  eight  33-ft.  rails  as 
rapidly  as  it  will  one,  and  eliminates  handling  the  rails  by  hand,  and  redubea 
to  a  minimum  the  liability  of  injuring  men. 

Labor  Saving  Equipment  Employed  in  Track  Maintenance  by  B.  ^  O.  R. 
R. — The  following  data  are  taken  from  an  abstract  of  a  paper  presented  before 
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the  N«w  England  Railroad  Club  by  £.  Stimson  and  published  in  RnginAftring 
and  Ckmtracting,  Jan.  15,  1919. 

DiUhing  machine*  of  the  "  American  and  Bamhart "  types  are  well  adapted 
to  the  uses  of  a  steam  derrick  within  the  limits  of  their  lifting  opacity,  and 
are  of  great  use  in  unloading  and  loading  rail,  ties,  timbers,  etc.  With  a 
dam  sheU  budket  substituted  for  the  dipper  arm  their  uses  are  still  further 
extended. 

Each  of  these  various  uses  of  this  machine  results  in  a  great  saving  in  man- 
power, the  best  example  being  that  of  ditching.  The  loading  capacity  is 
about  60  cu.  yd.  per  hour  in  ordinary  material.  It  .would  require  100  men  to 
load  this  amount  by  hand.  As  it  requires  but  5  men  to  operate  the  ditcher, 
the  large  saving  is  evident.  In  handlings  rail  6  men  and  the  machine  will 
readily  do  the  work  of  40  men. 

Ths  Ute  of  Horaee, — We  have  found  that,  including  plowing,  a  l-horse 
scoop  and  driver  working  in  a  clay  cut  averaging  4  ft.  in  height,  and  wasting 
the  material  on  top  of  the  cut,  can  handle  45  cu.  yd.  in  9  hours.  Another 
man  is  required  for  dressing  up  the  ditch.  The  two  men  and  one  horse,  there- 
fore, do  the  work  of  at  least  10  men.  Up  to  a  SOO-f  t.  haul  the  wheelbarrow 
is  a  good  proposition  as  compared  with  other  methods.  While  these  methods 
may  not  show  great  economies  over  the  steam  ditcher  and  work  train,  and  do 
require  much  greater  time  for  completion,  they  are  to  be  recommended  where 
the  matter  of  quick  completion  is  not  vital.  They  require  but  a  small  number 
of  men  and  give  steady  employment,  which  promotes  efficiency.  With  4be 
intense  traffic  conditions  prevailing  and  the  great  demand  for  train  crews 
and  engines  to  handle  the  business  it  is  most  desirable  to  release  all  the  work 
train  service  possible.  The  cost  of  this  service  has  increased  about  40  per 
cent  during  the  past  year  and  nearly  100  per  cent  ia  the  past  10  years.  These 
considerations  make  it  desirable,  both  from  necessity  and  from  tiie  standpoint 
of  economy,  to  adopt  methods  to  reduce  work  train  service. 

Rail  Handler. — ^A  home-made  device  which  has  proven  a  great  labor-saver 
Is  an  air-operated  rail  handler.  With  it  a  gang  of  six  men  and  a  foreman  will 
load  one  rail  per  minute.  By  hand  methods  20  men  will  load  1  rail  eveiy  2 
minutes  on  to  flat  cars  and  one  rail  every  5H  minutes  on  gondolas.  The 
machine  is  also  used  tor  handling  frogs,  switches,  ties,  acnp  and  other  main- 
tenance materials  with  proportionate  labor  savings. 

Pneumatic  Tie  Tamping  Machinee  on  Track  Work. — More  labor  is  used  in 
surfacing  and  lining  of  track  than  on  any  other  item  of  track  work.  Normally 
this  will  amount  to  about  35  per  cent  of  the  total  track  payroll.  This  offers 
an  attractive  field  for  labor  saving.  About  four  years  ago  pneumatic  tie 
tamping  machines  were  introduced  for  this  woric  The  earlier  machines  were 
limited  to  two  tampers,  but  the  later  ones  have  the  necessary  power  to  operate 
four  tampers  with  a  consequent  reduction  in  overhead  and  operating  expenses. 
Our  experience  indicates  that  with  a  2-tool  machine  5  men  do  the  work  of  9 
men  tamping  with  picks  and  with  a  4-tool  machine  7  men  will  do  the  work  of 
17  men  without  them.  There  is  also  an  indirect  saving  made  by  the  more 
uniform  and  permanent  work  done  by  the  tamper,  requiring  less  frequent  re- 
tamping  than  when  the  work  is  done  by  hand. 

BaUaet  Cleaning  Applianeea. — Stone  ballast,  to  be  fully  effective,  must  be 
kepi  dean  and  the  voids  undogged.  Where  traffic  is  heavy,  particularly  oo 
grades,  stone  ballast  will  require  deaning  at  least  once  in  three  yean  and  in 
many  places  much  oftener.  To  raise  the  track  on  dirt  ballast  and  dress  off 
with  clean  stone  is  poor  practice,  and  to  dean  it  by  forking  it  over  is  skm. 
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expensive,  and  requires  a  large  number  of  men.  A  number  of  methods  for 
cleaning  ballast  have  been  considered,  even  to  a  gigantic  vacuum  cleaner 
which,  on  account  of  cost,  is  out  of  the  reach  of  most  of  us.  The  most  prac- 
tical is  the  ballast  screen.  The  standard  performance  with  3  screens  and  12 
men  and  a  foreman  is  200  ft.  of  double  track  per  10-hour  day.  To  clean  with 
forks,  this  length  of  track  would  take  the  same  number  of  men  2.8  days  or  36 
men  with  forlcs  to  do  the  work  of  13  men  with  the  screens. 

Removal  of  Oraaa  cind  Weedt. — Much  labor  is  applied  each  year  to  the  clean- 
ing of  grass  and  weeds  from  the  track  and  roadbed.  Two  methods  have  been 
more  or  less  effective  as  "weed  killers."  burning,  and  spraying  with  a  solution 
of  arsenite  of  soda. 

About  10  years  ago  a  western  railroad  designed  a  weed-burning  machine. 
A  strip  7  ft.  on  each  side  of  center  line  of  track  was  burned  at  an  average  cost 
of  $9.46  per  mile.  Two  burnings  were  necessary,  so  that  to  destroy  the  weeds 
the  cost  would  be  $18.92.  As  compared  with  hand  labor  it  was  claimed  to 
save  14  men  per  day. 

The  spraying  method  has  been  extensively  used.  In  1916  the  cost  of  spray- 
ing 744  miles  of  single  track  averaged  $18.11  per  mile.  Including  the  train 
crew  the  work  was  done  by  10  men,  averaging  21  miles  per  day.  To  do  a  like 
day's  work  by  hand  where  the  growth  was  medium  heavy  in  soft  ballast  273 
men  would  be  required  at  an  average  cost  of  $23.25  per  mile.  A  large  saving 
In  men  is  thus  effected,  though  not  so  much  in  money. 

Cost  of  Cleaning  Weeds  and  Grass  From  Track. — D.  A.  Wallace  gives  the 
following  records  in  Engineering  and  Contracting,  Sept.  17,  1910. 

The  cleaning  of  weeds  and  grass  from  track  was  done  by  section  gangs,  the 
men  getting  $1.10  per  day  and  foreman  $45  per  month.  In  the  first  two  cases 
the  weeds  were  removed  only  from  end  to  end  of  ties.  One  or  two  men  went 
ahead  with  picks  and  loosened  the  gravel  and  2  men  followed  pulling  weeds 
and  grass  by  hand,  each  man  working  a  strip  4  ft.  wide.  There  was  consider- 
able crab  and  Bermuda  grass.  In  the  third  case  the  cleaning  was  done  from 
edge  to  edge  of  the  ballast,  giving  an  additional  width  of  about  18  ins.  While 
the  record  is  of  one  man's  work  only  it  was  selected  as  an  average  of  several 
days'  work  of  a  gang.    The  records  are  as  follows: 

1.  Rock  ballast,  weeds,  medium  thick: 

Number  of  feet  Number  of  days  Feet  per  man  per  day 

5.280  8  660 

5.000  9  556 

5.280  9  586 

Average 600 

The  cost  per  mile  was  $11.15. 

2.  Slag  ballast,  weeds  medium  thick: 

Number  of  feet  Number  of  days  Feet  per  man  per  day 

18,500  12H 


1,400  9H 

3,200  7 

390  1 

3.360  4H 

8.600  8 

6,100  20H 

2.640  3H 

Average 698 

The  cost  per  mile  was  $9.80. 
78 


Number  of  days 

Feet  per  man  per  day 

10 

174 

14 

315 

5 

562 

12 

630 
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3.  This  work  was  in  gravel  ballast  and  the  weeds  were  very  thick.  One 
man  cleaned  210  ft.  in  one  day.    The  cost  per  mile  was  $19.40. 

4.  Gravel  ballast,  weeds  medium  thick: 

Numb^  of  feet 

1,740 
4.410 
2,760 
7,560 

Average 417 

The  cost  per  mile  was  $15.30. 

Records  of  Work  in  Surfacing  and  Smoothing  Track. — The  following  data 
are  given  by  D.  A.  Wallace  in  Engineering  and  Contracting,  July  27,  1010. 

1.  In  this  work  dirt  siuface  track  was  stripped  and  stone  ballast  unloaded 
from  Rodgers  bottom  dump  ballast  cars.  The  raising  was  done  with  a  spot- 
board  and  four  or  five  days  later  the  second  raise  of  a  3  or  4-in.  surface  was 
made  with  tamping  picks.  The  record  for  20  days — ^first  raise  7  ins.  in  rock 
from  stripped  dirt  track  shovel  tamped  with  Italian  labor — ^was  as  follows: 

Ft.  per  man 
per  day 

Max 30 

Min 18 

Average 25 

2.  This  work  consisted  of  surfacing  track  4  ins.  in  rock  on  top  of  a  6-in. 
raise  where  ties  had  been  renewed  at  the  rate  of  about  7  per  rail  length.  The 
work  included  spacing  and  gaging.  The  record  for  7  days  with  negro  labor 
was  as  follows: 

Ft.  per  man 
per  day 

Max , . . . .  33 

Min 15 

Average 22 

3.  This  work  consisted  of  surfacing  track  3  ins.  in  rock  on  top  of  a  7-in. 
raise  where  ties  had  been  renewed  at  the  rate  of  about  7  to  the  rail  length. 
The  record  for  7  days  with  negro  labor  was  as  follows: 

Ft.  per  man 
per  day 

Max 26 

Min 12 

Average , 20 

4.  On  this  work  new  rail  had  been  laid  on  track  which  was  in  very  poor 
surface.  In  order  to  keep  the  new  rail  in  good  condition,  a  3-in.  stone  surface 
was  necessary.  Sufficient  stone  for  the  raise  was  taken  from  the  shoulders 
of  the  ballast  then  in  place.  The  surfacing  was  done  immediately  after  rail 
renewal.    The  record  for  8  days  with  negro.labor  was  as  follows: 

Ft.  per  man 
per  day 

Max 31.6 

Min 21.1 

Average 34. 8 
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5.  This  work  was  the  first  raise  of  7  ins.  in  screenings  for  stripped  track, 
3hovel  tamped.    The  record  for  4  days  with  Italian  labor  was  as  follows: 

Ft.  per  man 
per  day 

Max 33 

Min • 29 

Average 30 

6.  This  work  was  the  second  raise  of  3  ins.  in  screenings  on  a  7-in.  raise 
brack  lined  and  dressed,  pick  tamped.  The  record  for  3  days  with  Italian 
abor  was  as  follows: 

Ft.  per  man 
per  day 

\f  ax 160 

Min 100 

Average 116 

7.  This  work  was  the  first  raise  of  7  ins.  on  cinders  from  dirt  stripped  track, 
ihovel  tamped.    The  record  for  2  days  with  Italian  labor  was  as  follows: 

Ft.  per  man 
per  day 

Vlax 43 

Vlin 30 

Average 36 

8.  These  records  were  taken  from  work  of  three  sections  and  one  extra 
rang.  The  track  was  poorly  ballasted  with  hand  napped  stone  and  was  raised 
:  ins.  on  gravel  consisting  of  pebbles  and  non-cementing  sand.  The  rail  was 
Eiid  with  broken  joints.  Gravel  was  miloaded  from  bottom  dmnp  coal  cars 
,t  a  cost  of  30  cts.  per  cu.  yd.  on  the  gromid.  These  records  were  kept  in  order 
o  determine  the  most  economical  method  of  making  a  raise  of  4  ins.  under 
hese  conditions.  The  track  put  up  by  Sec.  No.  1  stood  1st.  The  track  put 
ip  by  Ex  gang  No.  1  stood  2d.  The  track  put  up  by  Sec.  No.  2  stood  3d. 
i'he  track  put  up  by  Sec.  No.  3  stood  4th.  Negro  labor  at  $i  .10  per  day  and 
oreman  at  $50  per  month  were  worked. 

Section  1. — Made  one  raise  and  pick-tamped  the  length  of  the  tie  except  14 
IS.  in  the  middle;  raised  track  one  day  and  dressed  up  on  the  following 
ay.     The  record  of  11  days'  work  at  raising  track  was  as  follows: 

Ft.  per  man 
per  day 

fax 40 

lin 31 

Average 36 

With  a  gang  of  6  men  1  mile  is  surfaced  in  24  days. 
The  record  for  5  days  work  for  dressing  was  as  follows: 

Ft.  per  man 
per  day 

lax 100 

lin 71 

Average 84 

With  a  gang  of  6  men  1  mile  of  track  is  dressed  in  10  days. 
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Section  2. — Made  one  raise,  pick-tamping  heads  of  ties  and  shovel-tamping 
insides  except  14  ins.  at  centers.  The  track  surfaced  on  one  day  was  dressed 
the  next  day.    The  record  of  17  days  for  surfacing  was  as  follows: 

Ft.  per  man 
per  day 

Max 54 

Min 37      . 

Average 48 

With  a  gang  of  6  men  1  mile  is  surfaced  in  18  days. 

The  record  of  7  days  for  dressing,  working  a  gang  of  7  men,  was  as  foUows: 

Ft.  per  man 
per  day 

Max 100 

Mm •: 77    ' 

Average ^89 

With  a  gang  of  7  men  1  mile  was  dressed  in  8  days. 

Section  3. — The  track  surfaced  by  this  gang  was  shovel  tamped  heads  and 
inside.  After  an  interval  of  3  days  the  gang  went  back  over  the  raised  track 
and  caught  up  low  joints  with  picks  and  put  up  the  track  complete.  The 
record  of  10  days  for  surfacing  was  as  follows: 

Ft.  per  man 
per  day 

Max 110 

Mm 65 

Average 74 

With  a  gang  averaging  4H  men  1  mile  was  surfaced  in  16  days. 
The  record  of  smoothing  for  10  days  was  as  follows: 

Ft.  per  man 
per  day 

Max .• .        83 

Min 45 

Average 59 . 5 

With  a  gang  averaging  5>2  men  J  mile  was  smoothed  in  16  days. 

In  dressing  the  foreman  sent  3  men  back  to  work  alone;  the  record  for  8  dnjn 

was  as  follows: 

Ft.  per  man 
per  day 

Max *. 250 

Min 75 

Average 133 

This  gang  of  3  men  dressed  1  mile  in  15  days. 

Extra  Oang. — This  gang  made  a  5-in.  raise  shovel  tamped  ties  on  first  raise 
and  after  3  or  4  days  went  back  over  the  work  picking  up  low  places  with  the 
pick.  The  gang  made  an  average  of  70  ft.  per  man  per  day  on  the  first  raise. 
With  a  gang  of  25  men  1  mile  of  track  was  raised  in  3  dajrs. 

A  gang  of  17  men  averaged  100  ft.  per  man  per  day  smoothing  up  first  raise, 
smoothing  up  1  mile  in  3  dajrs. 

A  gang  of  10  men  dressed  an  average  of  55  ft.  per  man  per  day  or  at  a  rate 
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f  1  mile  in  10  days.  The  work  was  slow  on  account  of  uneven  distribution 
f  ballast  unloaded  from  bottom  dump  cars. 

The  surfacing  done  by  these  four  gangs  consumed  more  time  than  a  4-ln. 
ise  in  gravel  on  account  of  using  a  good  portion  of  the  stone  in  the  track  in 
amping  with  gravel. 

0.  The  following  records  were  secured  from  the  work  performed  by  section 
angs.  By  Tunning  surface  is  meant  the  work  done  in  bringing  track  to  an 
asy  riding  surface,  by  tamping  up  the  low  places,  not  much  attention  being 
iven  to  the  general  surface  as  far  as  appearances  go.  Surfacing  refers  to  the 
aising  of  the  track  out  of  face  to  a  uniform  grade  line.  Smoothing  up  refers, 
0  the  picking  up  of  low  joints  and  centers  to  the  general  level.  Negro  labor 
t  $1.10  per  day  and  foreman  at  $50  per  month  were  worked. 

Record  1. — Covers  18  days,  running  surface  in  slag  ballast. 

Ft.  per  maa 
per  day 

Aax 93 

Am. 45 

Average 66 

Record  2. — Ckivers  31  days  running  surface  in  rock  ballast. 

Ft.  per  man 
per  day 

dtLX 86 

-lin 30 

Average 55 

Record  3. — Covers  12  days  running  surface  in  gravel  ballast. 

Ft.  per  man 
per  day 

^az 120 

Ain 60 

Average 87 

Record  4. — Covers  20  days  smoothing  up  in  slag  ballast. 

Ft.  per  man 
per  day 

dtix 161 

ilin 60 

Average 1 16 

lecord  5. — Covers  75  days  smoothing  up  on  rock  ballast. 

Ft.  per  man 
per  day 

klaz 225 

Ain 61 

Average 120 

10.  This  work  was  done  on  the  Frisco  lines  in  Louisiana  working  "  Cadian'* 
%boT  at  $1.75  per  day  and  foreman  at  $75  per  month.  The  dirt  was  a  good 
olid  black  loam.     The  shoulders  of  the  grade  were  skinned  off  to  a  slope  of 

in.  to  1  ft.  outward  from  the  ends  of  the  ties  by  a  plow  constructed  on  the 
rder  of  a  dirt  spreading  machine.  The  dirt  was  cast  up  against  the  ties  by 
he  cutting  edges  of  the  wings.  The  amount  of  dirt,  however,  was  insufficient 
jT  the  raise,  and  the  remainder  was  secured  by  shoveling  up  from  the  berm 
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to  the  shoulder  after  having  been  looeened  by  plows.  The  embankment  aver- 
aged 4  ft.  in  height. 

The  average  for  a  4.1  in.  raise  was  22.7  ft.  per  man  per  day. 

Cost  of  Stopping  Trains — When  it  is  Cheaper  to  Install  Interlocking  Signals. 
— (Engineering  and  Contracting,  Nov.  16, 1910.) 

Under  the  laws  of  Canada,  all  trains  are  required  to  come  to  a  full  stop 
before  crossing  another  railway  at  grade.  C.  L.  Hackett,  in  an  article  on 
railway  signaling  in  the  Canadian  Engineer,  shows  that  the  installation  bf 
interlocldng  signals  is  an  actual  saving  in  operating  expenses  when  trains 
reach  a  certain  number.  The  following  figures  are  based  on  the  results  secured 
by  Mr.  Peabody,  signal  engineer  of  C.  &  N.  W.  Ry.,  who  having  erperimented 
with  different  trains,  concluded  that  the  cost  of  stopping  and  again  aco^er- 
ating  a  train  to  its  original  speed  average  45  cts.  per  train.  The  interioddng 
plant  considered  is  for  a  single  track  crossing,  where  16  levers  would  be  re- 
quired. A  day  and  night  towerman  would  be  required,  and  the  following  is 
the  estimated  annual  cost: 

Cost  of  interlocking,  complete $4,800. 00 

Interest  at  4  % 192. 00 

Depreciation  at  7  % 336 .  00 

Maintenance,  per  year 240 .  00 

Operation,  per  year *. 1 ,200.00 

Total  cost  per  year $1 ,968.00 

The  following  table  shows  the  saving  brought  about  by  such  a  plant  as 
compared  with  stopping  trains  for  14,  20  and  25  trains  per  day: 

Cost  of  Years  required  to  pay 

Trains  Per     Cost  of  stop-     interlocking.     Net  saving,       for  installation 
day  ping,  per  year       per  year  per  year  from  savings 

14        $1,971      $1,968     $    3.00 

20  2.817  1,968  849.00  5H 

25  3,521  *  1,968  1,553.00  5 

It  Is  apparent,  from  this  table,  that  14  trains  a  day  in  this  case  would  Justify 
the  installation  of  the  plant,  aside  from  the  savings  due  to  increased  safety. 

Cost  of  Turntables. — Table  VII  is  complied  from  data  taken  from  a  com- 
mittee report  to  the  American  Railway  Bridge  and  Building  Association  and 
published  in  Engineering  and  Contracting,  Nov.  6,  1912. 

The  total  cost  of  turntables  varies  greatly  with  the  type  of  construction 
and  Idnd  of  excavation  and  to  a  lesser  degree  with  the  weight  of  engines  for 
which  the  table  is  designed. 

The  cost  of  excavation  and  foundations  for  the  through  girder  type  is  less 
than  for  the  deck  type.  However  the  steel  for  the  through  type  is  more 
expensive  than  the  deck  type. 

A  fair  average  cost  of  turntable  complete  with  foundations,  including  pit 
with  concrete  wall  and  paved  floor  (in  1912)  was  $100  per  lin.  ft.  of  diameter. 
Thus  a  75  ft.  turntable  cost  $7500,  an  80  ft.  table  cost  $8,000  and  a  100  ft.  taUe 
cost  $10,000. 

The  cost  of  the  table  with  center  cost  about  $40  to  $50  per  lin.  ft.  of  radius. 

The  cost  of  mechanical  tractor  of  electric,  compressed  air  or  gasoline  motor 
ype  averaged  about  $1,150  per  installation. 

The  above  costs  have  about  doubled  in  1920. 
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The  Cost  of  Railroad  Signal  Protectionr — James  B.  Latimerr  Signal  Engi- 
neer, C.  B.  &  Q.  R.  R.  gives  the  following  data  in  Engineering  and  Contracting, 
June  14,  1911. 

Mechanical  Jnt«rlocking. — The  generally  accepted  unit  for  rough  »9timating 
is  the  working  lever,  and  v^y  substantial  plants  can  be  constructed  for, 
rou^rhly  speaking,  $400  per  lever.  This  includes  the  tower  and  "power" 
(electric)  distant  signals,  but  does  not  include  electric  route  locking,  which 
adds  considerably  to  the  expense. 

The  accompanjTing  tables  (Tables  VIII  and  IX;  give  the  actual  cost  in 
detail  of  2  interlocking  plants  installed  within  the  last  year,  one  a  plant  to 
protect  a  grade  crossing  of  2  single  track  lines,  almost  at  right  angles  to  each 
other,  with  power  distant  signals  on  both  lines  and  quite  elaborate  electric 
route  locking.  This  machine  contained  14  working  levers  and  two  spare 
spaces,  and  as  there  was  apparently  no  immediate  likelihood  of  enlargement 
the  tower  was  made  simply  large  enough  for  a  16  lever  machine.  Details  of 
the  cost  of  this  plant  are  given  in  Table  VIII. 

The  other  was  a  plant  to  protect  a  junction  of  a  single  and  double  track  line, 
with  a  number  of  switches,  one  of  whidi  was  1,600  ft.  from  the  tower.  The 
machine  had  47  working  levers  and  5  spare  spaces — a  52  lever  frame.  This 
plant  had  two  power  distant  signals  and  two  mechanical  time  locks,  but  no 
electric  locking.    Details  of  cost  are  given  in  Table  IX. 

In  both  cases  the  tower  buildings  were  contracted  for  and  were  built  by  the 
same  contractor.  He  furnished  all  material  ami  built  the  towers  complete, 
including  the  foundations  and  service  building.  The  towers  are  heated  by 
hot  water  heaters  which  were  installed  by  the  railroad  company's  forces. 

The  reader  will  note  that  his  attention  was  called  to  the  fact  that  in  the 
first  case  the  railroad  lines  were  nearly  at  right  angles.  This  sort  of  a  track 
layout  usually  adds  to  the  cost  of  a  plant,  and  in  dose  estimating  should  be 
allowed  for.  The  reason  being  that  pipe  lines  to  the  signals  and  derails  eeush 
side  of  the  crossing  on  each  line  must  be  nm  on  a  separate  set  of  f  oimdations, 
whidi  require  more  labor  to  set;  besides  whi(di  the  concrete  blocks  whidi 
carry  the  pipe  carriers  cost  about  30  cts.  each.  They  are  set  every  7  ft.  and 
as  they  will  carry  6  lines  of  pipe  as  easily  as  they  will  1 ,  there  is  always  a  slight 
economic  waste  when  they  are  not  worked  to  their  limit. 

Table  VIII.— Dstazl   Cost   of    16-Lxver    Interlockinq    Px«ant  with   14 

WOBKXNO  LeVEBS 

I  16-lever  frame  interlocking  tower  with  concrete  founda- 
tion and  storm  sash  complete.    Cost  by  contract $    925.00 

I  hot  water  heater  and  necessary  piping  for  same 101 .  69 

Labor  section  men  unloading  material — putting  in  ties 

and  derails. . . . ., 34.20 

Labor  linemen  stringing  wires  for  distant  signals 22. 80 

Labcnr  signalmen  installing  interlocking  and  neater 1 , 608. 22 

1  interlocking  machine  with  14  levers  and  2  spaces  at 

$22.50  per  working  lever  and  $9.00  per  space 333 .  00 

10  vertical  90*»  deflecting  bars $     6.40  64.00 

10  horiaontal  90"  deflecting  bars 4.40  44.00 

24  11 H"  cranks  R.  S.  A.  standard 1.60  38,40 

14  compensators  R.  S.  A.  standard 4 .76  66, 50 

25'one  way  pipe  carriers .25  6 .  25 

260  three  way  pipe  carriers .73  .  189 .  80 

8  eight  way  pipe  carriers 1,81  12 .  67 

10  one  way  transverse  pipe  carriers ,,,,,.,..         .95  9 .  50 

4  two  way  transverse  pipe  carriers 1.12  4. 48 

6  three  way  transverse  pipe  carriers <  <         1 « 3d  8- 10 


1242         HANDBOOK  OF  CONSTRUCTION  COST 

Table  Vlll.—CorUinusd 

104  solid  jawB,  R.  S.  A.  standard .61  63.44 

10  screw  jaws,  R.  S.  A.  standard .81  8. 10 

1  pipe  lug,  R.  S.  A.  standard .86  .86 

10  point  adjusting  screws  (turn  buckles) . . » 1 .  22  12.20 

2  complete  layouts  for  Wharton  derail  with  f aciag  point 

lock 41.25  82.50 

2  complete  layouts  for  Wharton  derail  with  switch  and 

lock  movement. 48. 25  96. 50 

2  one  blade  pipe  connected  home  signals 65. 00  130. 00 

2  two  blade  pipe  connected  home  signals 86.00  172.00 

4  electric  distant  signals 187. 50  750.00 

2  electric  time  locks 80.00  60.00 

2  hand  releases 25. 00  50.00 

2  4  ohm  indicating  relays 11. 50  46. 00 

4  500  ohm  relays 19.00  76.00 

4  circuit  breakers  for  machine 9. 00  36.00 

4  floor  pushes... 1.95  7.80 

1  large  relay  case  for  tower 14.00 

4  commutators  for  home  signiJ  poles  with  operating  rods.  10. 50  42. 00 

4  electric  locks  for  machine 22. 50  90.00 

8  6H"  red  roundels .68  5.44 

4  8fi"  red  roundels 1.05  4.20 

4  8^"  yellow  roundels .70  2.80 

4  8^"  green  roundels .70  '  2.80 

4  6  J4"  green  roundels .40  1.60 

8  3"  purple  roundels .13  1.04 

50  lbs.  K"  X  1  Ms"  pipe  rivets  (cwt.) 3.21  1.61 

7,000  ft.  V  signal  pipe  R.  S.  A.  standard .056  885.00 

10  R.  S.  A.  standard  semaphore  lamps 3.60  36.00 

90  cast  piers  for  cranks,  compensators  and  deflecting  bar 

foundations .70  63.00 

180 bolts  for  same  H"  X  2H" 04  7.20 

325  8"  X  12"  X  24''  concrete  blocks  for  pipe  line  founda- 
tions   .30  97.50 

650  hook  bolts  for  same .08  52.00 

800  6  way  metal  bases  for  pipe  carriers .45  185.00 

35  1  way  metal  bases  lor  pipe  carriers .18  6. 30 

2,600  H"  X  IK"  carriage  bolts  (C) 56  14.56 

75  bbls.  Portland  cement 2. 15  161 .25 

87  yards  concrete  gravel .30  26. 10 

32  book  bolts  1"  X  36"  for  signal  pole  foundations .12  3 .  84 

2  right  hand  Wharton    derails 35.00  70.00 

2  left  hand  Wharton  derails 35.00  70.00 

8  pes.  oak  10"  X  10"  X  12'  \ ,  q-^/  m  30  00  81  05 

2  pes.  oak  10"  X  10"  X  14'  /  ^'"^^   ^           ^•""  '^"^ 

20  gals,  pipe  line  paint  (mixed)  gal 1.15  23 .  00 

gal.  red  signfd  paint  (mixed) 2.40  .60 

gal.  green  si^nid  paint  (mixed) 2.40  .60 

_  gal.  yellow  signal  paint  (mixed) 2.40  .30 

2  gals,  lard  oil 44  .88 

12  gals,  black  oil 08  .96 

3  lbs.  graphite .10  .30 

3  quires  fine  emery  cloth .20  .60 

2  tons  blacksmith  coal 4. 50  9.00 

33,000  ft.  copper  telegraph  wire — 1,315  lbs .15  197.25 

50  8  ft.  6  wire  cross  arms .60  26.00 

50  pairs  cross  arm  braces  (C) 5.70  2.86 

150  cross  arm  pins  (C) 3.60  6.25 

160  glass  insulators  (C) 8.45  6.17 

50  through  bolts  (C) 2.68  1.29 

4  small  concrete  battery  wells 12.00  48.00 

1,200  ft.  tninking  1^'' groove  with  capping .04  48.00 

200  creosoted  8t3ces  3"  X  4"  X  3' 16  30.00 

60  creosoted  stakes  3"  X  4"  X  4' 17  8.60 

75  creosoted  stakes  3"  X  4"  X  8' 36  26.26 

4,600  ft.  No.  12  rubber  covered  wire  (M) 21 .60  96-76 

1,000  ft.  No.  8  rubber  covered  wire  (M) 35.50  36.60 

60  ft.  No.  12  flexible  rubber  covered  wire  (M) 22.00  J.  10 
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Table  YIII. -^Continued 

1  gal.  inBulating  paint 1.55  1.56 

24  lightning  arrestore 1 . 25  80.00 

12  insulated  track  joints 5.25  63.00 

1  battery  cupboard  for  lower  story  of  tower 7 .00 

eOO  bond  wires .015  9.00 

1.200  channel  pins  (M) 6.50  7.80 

80  cells  caustic  soda  battery 1.01  152.80 

6  cells  gravity  battery .' .85  5. 10 

2  battery  chutes 10.50  21.00 

10  lbs.  solder .20  2.00 

5  lbs.  friction  tape .80  4. 00 

6  lbs.  covering  tape .50  2.50 

2  lbs.  soldering  paste. .50  1 .00 

100  porcelain  cleats  for  inside  wiring  (C) 1.44  1 .44 

1  operator's  table 9. 00 

1  centre  lamp  for  tower 8. 50 

2  wall  lamps  for  tower  (dos.) 9 .  50  1 .  59 

1  clock  for  tower 12: 50 

1  frame  for  manipulation  chart 1 .  35 

1  rubber  mat,  3  ft.  by  9  ft.  35  cts.  per  foot 3. 15 

Total $7,290.73 

Tablb  IX. — Detail  Cost  or  Inteblockinq  Plant  of  47  Levbbs  and  5  Spaces 

WITH  No  Electbic  Route  Lockinq 

Tower  and  service  building $1 ,  828 .  00 

Material  for  heater 118. 97 

Labor,  sectionmen  unloading  material  and  putting  in  derails  and 

switch  timbers 53.60 

Labor,  linemen  stringing  wire 37 .40 

Labor,  signalmen  putting  in  heater  and  installing  interlocking.  .     ,    4,002.13 

1  interlocking  machine  with  47  levers  and  five  spaces,  at  $24.50 

per  lever  and  $9.50  per  space 1 ,  199. 00 

42  vertical  90°  deflecting  bars $    6.40      $    268.00 

42  horizontal 90°deflectmg bars 4.40  184. OQ 

22  67H*  deflecting  bars 6.26  137.50 

14  22M*'  deflecting  bars 6.25  87. 50 

90  R.  S.  A.  11^"  cranks 1.60  144.00 

50  R.  S.  A.  compensators 4.75  237 .  50 

40  1  way  pipe  carriers .25  10 .  00 

3,640  pipe  carrier  sides .11  400. 40 

3,200  top  rollers .03  96.00 

3,200  bottom  rollers .05  160.00 

3,200  straps .02  64.00 

3,700  ht'^^X  M2"  spring  cotters  (C) 45  16.65 

30  1  way  transverse  pipe  carriers .95  28. 50 

40  2  way  transverse  pipe  carriers 1.12  44 .  80 

15  3  way  transverse  pipe  carriers 1 .35  20. 25 

16  4  way  transverse  pipe  carriers 1 .  65  24 .  75 

550  solid  iaws .61  335. 60 

40  screw  jaws .81  32 .  40 

8  pipe  lugs .86  6.88 

42  point  adjusting  screws 1 .  22  51 .  24 

20  switch  layouts  for  facing  point  locks 41 .  25  825 .  00 

3  1  arm  power  signals 187 .  50  562. 50 

2  2  arm  power  signals *    265. 00  530. OQ 

3  1  arm  pipe  connected  home  signals 65.00  195.00 

2  2  arm  pipe  connected  home  signals 86.00  172.00 

9  1  arm  dwarf  signals 11.00  99.00 

7  500  ohm  relays 19.00  133.00 

4  commutators  for  signal  pole,  with  connection 10. 50  42.00 

5  small  battery  wells 12.00  60.00 

20  2H"  red  roundels .68  13. 60 

10  6H"  green  roundeb .40  4.00 

4  6H''  yellow  roundels .40  1 .  60 

23  R.  S.  A.  semaphore  lamps 3 . 60.  76. 80 

22,000  ft.  R.  S.  A.  signal  pipe .055  1,210.00 

380  cast  piers  for  cranks  and  compensators .70  266. 00 
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Tablb.  IX — Continued 

760  H"  X  2H"  bolto  for  same , 04  80.40 

650  8^'  X  12^'  X  24"  concrete  foundations 80  106. 00 

1,300  ^"  hook  bolts  for  same 08  104.00 

60  one  way  metal  pipe  carrier  bases .18  10. 80 

50  two  way  metal  pipe  carrier  bases .24  12 .  00 

20  three  way  meUJ  pipe  carrier  bases .27  6. 40 

20  four  way  metal  p^pe  carrier  bases .85  7.00 

400  six  way  metal  pipe  carrier  baSes .45  180. 00 

« 110  eight  way  metal  pipe  carrier  bases .55  60. 50 

7,300  >i"  X  IH"  carriage  bolts  (C) 56  40.88 

500  ft.  B.  M.  l'^  common  pine  for  frames  (M) 28.00  14.00 

150  bbls.  cement 2.15  322.50 

180  yards  gravel .30  64.00 

160  >i"  X  5"  lag  screws  (C) 85  1.36 

36  1"^  X  36"  hook  bolts 85  12.60 

350  H"  X  36"  hook  bolts 23  80. 50 

20  H     X  6"  machine  bolts .06  1.20 

25  ^  '  X  10"  machine  bolts 07  1.75 

look"  X  12"  machine  bolts .09  9.00 

3  Wharton  derails 35.00  105.00 

2  Hayes  derails 12. 50  25.00 

j3^:Stkl0"X10"X12''}2.300ft.M 30.00  69.00 

20  steel  track  ties 2.50  50.00 

34railbraces .27  9.18 

40  lbs.  pipe  rivets,  K"  X  M«"  (cwt.) 3.21  1.28 

40  gals,  pipe  line  paint 1 .  15  46. 00 

25  lbs.  ground  white  lead .07  1 .  75 

10  gals,  boiled  linseed  oil .40  4.00 

10  gals,  black  paint  (mixed) 1.50  15.00 

'  gal.  red  paint  (mixed) 2 .  40  .60 

gal.  green  paint  (mixed) 2 .  40  .60 

gal.  yellow  paint  (^mixed) 2. 40  .60 

gal.  blue  pamt  (mixed) .25 

gab.  black  oil ^ .08  .80 

2  gab.  lard  oil .44  .88 

2  lbs.  graphite .10  .20 

2  tons  blacksmith  coal 4. 50  9. 00 

3  quires  emery  cloth .20  .60 

48,000  ft.  copper  telegraph  wire,  1.920  lbs .15  288.00 

60  10  ft.  8  wire  crossarms .70  35.00 

60  pairs  crossarm  braces  (C) 6.70  2.85 

60  through  bolts  (C) 2.58  1.29 

325  glass  insulators j(C) 3.45  11.21 

325  crossarm  pins  (C) 3.50  11.38 

98  celb  caustic  soda  battery 1 .91  187 .  18 

1  battery  cupboard  for  tower 7. 00 

1,000  ft.  trunking  1^"  groove .04  40.00 

100  oreoBoted  stakes  3  ft.  long .15  15.00 

3,600  ft.  No.  12  rubber  covered  wire  (M) 21 . 50  77.40 

4  lbs.  friction  tape  (C) .80   '  .03 

6  lbs.  covering  tape  (C) .50  .03 

1  lb.  soldering  compound .50  .50 

6  lbs.  solder .20  1.20 

25  lbs.  8d  naib  (C) 2.30  .58 

301bs.  20dnaib  «J)..-. 2.20  .60 

15  lightning  arrestors 1 . 25  18.75 

24  porcelain  cleats .45 

1  operator's  table 9.00 

1  rubber  mat,  3  ft.  by  22  ft 7.70 

1  tower  lamp 3 .  50 

1  clock 12.50 

2  tower  indicators 15.00  30.00 

4  electric  locks  for  back  locks  of  dbtant  signab 21 .  00  84 .  00 

**  mechanical  time  locks  with  attachments 60.00  120.00 

'ircuit  breakers  for  machine 9.00  63.00 

'otal $16,290.25 
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The  Railroad  Signal  Association  has  adopted  a  table  of  so-called  "operated 
units"  which  is  designed  to  be  used  as  a  unit  by  wliich  to  divide  the  cost  of 
construction  and  maintenance  of  joint  interlocking  plants.  These  units  are 
shown  in  Table  X. 


Tabl«  X. — "Opbbatbd  Units'*  of  thk  Railway  SxoifAL  AssoeiAnoii 

Value 
Name  of  operated  unit  units 

Each  mechanical  signal  arm  working  in  two  or  three  i>08ition8 1 

£}ach  power  signal  arm  working  in  two  or  three  position  on  mechanical 

plants,  normal  indication  locking  included 2 

Each  pair  of  switch  points. ^ , 1 

Each  single  slip  switch  (2  pairs  of  switch  points) Z 

Each  double  sup  switch  (4  pairs  of  switch  points) 4 

Each  set  of  movable  point  frogs  (2  pairs  of  frog  points) 2 

Each  derail 

Each  55  ft.  of  detector  bar  with  or  without  locks 

Each  torpedo  placer » . 

Each  drawbriage  coupler 

E!ach  drawbridge  rail  surface  and  alignment  lock  for  one  pair  Of  rails.  .... 

Each  drawbridge  leveling  and  operating  apparatus  lock 

E!ach  track  circuit 


This  table  works  out  very  evenly  as  to  cost,  both  of  installation  and  main- 
tenance, and  might  with  advantage  be  used  in  place  of  the  levers  for  esti- 
mating. For  instance,  in  the  first  plant  described  above  there  were  24 
operated  units  and  in  the  second  68,  which  averages  $272  per  operated  unit) 
which  will  be  found  a  very  fair  figure  for  rough  estimates. 

The  lever  basis  does  well  enough  where  no  pow^  signals  or  electric  locking 
is  introduced,  but  when,  as  is  now  pretty  generally  the  case,  either  or  both  of 
these  factors  come  in,  the  unit  basis  will  be  found  to  give  more  satisfactory 
results. 

It  should  be  noted  also  that  the  labor  for  both  of  the  interlocking  plants 
described,  approximates  $65  per  unit.  These  figures  are  actual  and  show  that 
the  work  can  be  done  for  that  money.  Many  signal  engineers  estimate  and 
spend  much  more  than  these  amounts.  All  the  writer  can  say  is  that  when 
the  labor  exceeds  $70  per  unit,  the  person  who  is  to  pay  the  bill  had  better 
analyze  the  figures  and  discover,  if  possible,  the  causes  for  the  excess.    . 

The  foregoing  are,  of  course,  "Railroad  Company's"  figures  and  do  not 
include  any  charges  for  transportation  of  men,  tools  and  materials,  oi  any 
overhead  diarges. 

Power  Interlocking. — The  cost  of  power  interlocking  (i.  e.,  that  in  which  the 
signals,  switches,  etc.,  are  operated  by  electricity  or  compressed  air),  varies 
mudi  more  than  does  that  of  mechanical  interlodcing,  and  as  none  of  the 
signal  companies  publishes  a  complete  price  list  of  the  apparatus  of  this  nature 
manufactured  or  furnished  by  it,  really  reliable  estimating  figures  are  hard 
to  obtain.  Six  hundred  dollars  a  function  is  a  fairly  safe  figure,  including 
tower  and  power  plant;  but  as  this  sort  of  interlocking  is  rarely  used  except 
in  large  terminal  work,  so  that  the  question  does  not  come  up  often,  the  signal 
company  whose  apparatus  is  to  be  used  had  best  be  consulted  if  a  very  dose 
estimate  is  desired. 

Manual  Signals. — The  cost  of  a  manual  block,  train  order  or  station  signal 
is  about  $100.00  per  station.    The  items  are  as  follows: 
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One  2-bladed  station  mgaal  complete  with  lamp, ,  table  levera  and 

connections , S  74 .  00 

Concrete  for  foundation 6.00 

Labor 20.00 

Total $100.00 

If  such  a  signal  has  to  be  placed  across  the  track  or  any  distance  away  from 
the  station,  allowance  must  be  made  for  such  fact. 

Automatic  Block  Signals. — The  cost  of  automatic  block  signals  varies  with 
the  niunber  of  signals  used,  the  type  of  signal  and  the  niunber  of  switdies  to  be 
insulated. 

Straight  track  circuit  (i.e.,  for  unbroken  track)  may  be  considered  as  a 
constant  and  costs  $256.00  per  mile.    This  cost  is  shown  in  detail  in  Table  XI. 

Tabljd  XI. — Dbtail  Cost  op  1-Mixjb  Track  Cxbouit 

700  bond  wires $     .OIH  $  10.60 

1,500  channel  pins  (M) 6.50    "  9.76 

2  battery  chutes 10.50  21.00 

6  cells  gravity  battery , .85  5. 10 

105  ft.  trunkmg 05  5.26 

28  stakes 16  4.48 

150  ft.  No.  8  rubber  covered  wire  (M) 30.00  4.50 

16  ft.  No.  6  bare  copper  wire : . . . .  .48 

2  relay  boxes  and  poets 28 .  00 

2  relays. 87.00 

yi  yard  concrete  (for  foundations  of  relay  boxes) 8 .  50 

4  insulated  joints  (each) 5.25  21.00 

Paint,  tape,  solder  and  nails 2 .  80 

Labor  bon(Ung,  350  joints  (each) .06  21 .  00 

Labor  putting  in  insulated  joints 4 .  SO 

Labor  setting  batter  chutes,  trunking  and  wiring  forsame 32. 50 

Labor  setting  relay  boxes  and  r^ys  and  wiring  same  to  track 45 .  00 

Total $256. 36 

Each  switch  in  the  circuit  must  be  insulated  and  equipped  with  a  switch 
indicator.  The  itemized  cost  of  1  switch  indicator  is  shown  in  Table  XII 
and  that  of  1  signal  in  Table  XIII. 

Tablb  XII. — Dktail  Cost  op  1  Switch  Indicator 

.  4  insulating  joints $  21 .  00 

2  insulated  switch  rods 11. 00 

1  switch  box 15.00 

1  switch  indicator 16.50 

155  ft.  trunking 7 .75 

20  stakes 3.20 

Vi  yard  concrete 1.75 

Nails,  tape,  solder  and  paint 6.00 

800  ft.  No.  12  rubber  covered  wire 7.20 

100  ft.  No.  8  rubber  covered  wire 3 .  00 

15  ft.  No.  6  bare  copper  wire .18 

4  lightning  arrestors 6.00 

Channel  pins  and  salvaniced  bond  wires .80  , 

Total $  98.38 

Less  value  of  non-insulated  switch  rods  taken  c^ 3.00 

Total $  95.38 

Labor 58.00 

Total $153.38 
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Tabub  XlIh-^DrntAiL  Cost  or  I  Signal 

1 1-blfMle  mgfkaX  (2  poMtion  ngnal) $187.50 

1  semaphore  lamp 3. 00 

2  red  roundels 1 .  80 

1  green  roundel .70 

1  relay  (500  ohms) 19.00 

1  yard  coacrete  for  foundation 7 .  00 

4  1"  X  36"  hook  bolta 1 .40 

75  ft.  trunking 3. 75 

15  stakes 2.40 

500  ft.  No.  12  rubber  covered  wire 12 .  00 

1  battery  well 40. 00 

5  lightnmg  arrestors 6. 25 

18  cells  caustic  soda  battery 35 .  00 

Nails,  paint»  tape,  solder 8 .  00 

Total $328.40 

Labor 80.00 

Total $408.40 

The  usual  practice  in  automatic  signal  work  is  to  make  the  sections  Just 
ibout  half  a  mile  long.  This  means  in  each  mile  of  circuited  track  there  win 
t)e  4  insulated  joints.  2  sets  of  track  battery  and  2  relays.  Besides  which  the 
-ails  must  be  bonded  together. 

A  one-blade,  three;-position  signal  costs  $245  and  requires  an  additional  relay 
lo  that  in  estimating  they  should  be  valued  at  $485  each. 

A  two-blade  signed  costs  $260  and  also  requires  two  relays,  and  in  addition 
hereto  an  extra  lamp  and  three  extra  roundels  so  that  in  estimating  they 
ihould  be  valued  at  $505  each. 

An  average  of  five  line  wires  all  the  way  is  about  right.  thoug;h  if  a  very 
iloae  estimate  is  required  It  would  be  necessary  to  have  a  circuit  plan  drawn 
ip,  as  almost  every  signal  engineer  or  signal  company  uses  a  different  circuit, 
ind  the  location  of  switches  has  some  bearing. 

Bare  copper  wire  in  place  at  present  prices  is  worth  about  $40  per  mile  per 
vlre,  or  an  average  of  $200  per  mile  for  line  wire. 

Insulated  copper  line  wire  in  place  is  worth  about  $70  per  mile. 

Galvanized  iron  or  copper  clad  wire,  either  bare  or  insulated,  is  worth  less 
han  the  above  figures. 

To  summarize,  therefore,  automatic  block  signals  may  be  figured  as  follows: 

Track  circuit  per  mile. $256 

£aoh  switch  in  circuit  extra 153 

Each  one-blade  two-position  signal 408 

Each  two-blade  two-position  signal 605 

Each  three-position  sognal. 485 

Line  wire,  per  mile. 200 

Cost  of  Changing  17  miltfs  of  iUUroad  Track  from  JN  arrow  Gage  to  Standard 
^ge. — ^The  following  data  are  taken  from  an  article  by  Henry  R.  Somes, 
uMished  in  Engineering  and  Contracting,  May  16,  1017. 

The  railroad  on  which  the  work  was  done  was  built  during  the  1880's  as  a 
arrow  gage  road.  It  runs  from  Wilmington.  Vt.,  to  Hoosac  Tunnel  Station 
t  the  east  end  of  the  Hoosac  Tunnel  on  the  Fitchburg  Division  of  the  Boston 
:  Maine  R.  R.  The  length  is  about  25  miles,  and  as  it  runs  along  a  narrow 
alley  bordering  the  Deerfleld  River  it  is  a  line  d  sharp  curvature  and  short, 
;eep  grades. 

The  old  rails  being  much  worn,  enough  second-hand  rails,  56  lb.  to  the  yard, 
ere  purchased  of  the  Ulster  &  Delaware  R.  R.  to  relay  the  line.  About  8K 
tiles  of  the  Ihie  from  the  Wilmington  end  were  relaid  to  standard  gage  outside 
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the  narrow  gage  iron.  On  the  jest  of  the  line  the  old  iron  was  replaced  by 
these  rails,  they  being  laid  narrow  gage  as  the  ties  and  roadbed  were  not  in 
condition  to  carry  standard  gage  equipment. 

In  1013,  after  some  negotiations,  a  contract  was  let  for  changing  the  17  miles 
northerly  from  Hoosac  Tunnel  Station.  This  portion  of  the  line  followed  the 
winding  of  the  Deerfleld  River  and  lay  in  a  narrow  valley  with  high  hills  on 
each  side.  There  were  many  long,  sharp  curves,  the  map  of  the  road  showing 
about  120  curves  of  6**  or  over  in  the  17  miles.  The  track  was  laid  with  4-bolt 
angle  bar  splices  except  about  IH  miles  where  Fisher  joints  had  been  used. 
The  first  5  miles  had  been  re-tied  where  needed. 

The  wortc  was  carried  out  during  July,  1013;  the  contractor  lost  money  on 
the  Job,  which  loss  was  due  to  several  factors,  some  of  which  were:  Labor  was 
scarce  and  hard  to  get,  and  very  inefficient.  Experienced  men  could  not  be 
obtained  and  the  job  was  so  short  that  green  men  could  not  be  properly  broken 
in.  The  method  employed  (which  was  specified  by  the  railroad  company) 
did  not  allow  time  to  familiarize  the  men  with  their  work,  or  allow  the  work 
to  be  started  with  a  small  force  and  gradually  increased.  There  was  no  labor 
to  be  had  in  the  territory  tributary  to  the  line  and  the  contractor  was  obliged 
to  pick  up  green  men  in  the  cities  and  use  them.  The  weather  was  excessively 
hot,  and  the  road  lying  in  a  narrow  winding  valley,  the  wind  could  not  cool 
the  air;  this  reduced  the  output  of  the  men  to  a  marked  degree.  When  men 
were  hired  it  was  with  the  understanding  that  experienced  spikers  were  to  be 
paid  25  cts.  per  hour,  and  other  laborers  20  cts.  per  hour,  but  during  the  first 
afternoon  about  two- thirds  of  the  men  (inexperienced)  struck  for  25  cts.  per 
hour.  Four  passenger  trains  and  two  frv'ights  per  day  were  being  operated 
over  the  line  at  the  time  the  work  was  done. 

The  meftiod  employed  was  to  divide  the  men  into  two  gangs  and  work  each 
gang  on  a  separate  line  of  rails,  pull  the  spikes  on  one  line  of  rails,  throw  them 
out  lOK  in.,  and  respike,  while  another  gang  followed  at  a  reasonable  work- 
ing distance,  pulling  spikes  on  the  opposite  line  of  rails,  throw  it  to  standard 
gage  and  respike.  Of  course  on  the  long,  sharp  curves  the  outside  line  of  rails 
would  soon  stretch  so  that  it  would  be  necessary  to  break  open  a  Joint  and 
start  spreading  again  at  the  break;  the  inside  of  the  curve  would  crowd  so 
that  it  would  have  to  be  broken  open  and  another  start  made  there.  As  there 
were  many  of  these  breaks,  three  or  four  to  each  long  curve,  a  separate  gang 
was  organized  to  connect  up  the  track  at  these  points. 

The  short  ends  of  the  rails  on  the  inside  of  the  curves  were  Sawed  off  with 
the  hack  saws,  and  additional  holes  drilled  in  the  ends  of  the  rails  for  the  an^e 
bars.  On  the  outside  of  the  curves  where  the  rails  were  too  short,  a  rail  was 
unbolted,  cut  in  two  with  cold  chisels  and  a  longer  piece  cut  from  an  extra  rail 
and  inserted  in  the  line,  making-a  better  Job  than  by  putting  in  a  short  piece. 
The  spiking  gangs  followed  immediately  behind  the  gangs  that  were  spreading 
rails,  leaving  gaps  where  joints  were  broken  open;  the  gang  repairing  breaks 
spiked  the  track  at  these  points. 

Per  mile  Total 
Pulling  Bpikes— 

2,001  hours  @  fO.26 $500.25 

Per  mile  117.7  hours $27.42  

Foremen,  2*  (1  ^  $10  per  day)  (1  @  $3  per  day) 71.50 

Foremen,  per  mile 4 .  21  

Average  gang,  14.73  men $33.63  $571.75 

*  Includes  extra  payments  to  4  men  that  acted  as  working  foremen .    These  pay- 
ments are  added  to  this  foreman's  pay  for  simplicity  in  figuring. 
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The  daw  ban  had  heels  and  worked  satisfactorily.  The  spikes  puUed  much 
easier  from  the  new  ties  than  from  the  old.  In  the  latter  they  were  rusted  in 
md  in  many  cases  where  the  ties  w&ce  checked  and  splintered,  the  splinters 
•aised  up  even  with  or  above  the  spike  heads  and  make  i(  difficult  to  get  the 
:iaw  bars  under  the  spike  heads. 

rhrowing  rails —                                                                        Per  mile  Total 

762  hours  @  fO.25 $190. 50 

Per  mile,  44.82  hours $11 .  20  

Foremen,  2  (1  ^  $10  per  day)  (1  @  $3  pa-  day) 17.00 

Foremen,  per  nule 1.00  ....... 

Average  gang,  6  men $12. 20  $207 . 50 

Ordinary  lining  bars  were  used  for  throwing  the  rails.  Owing  to  the  spliu- 
ered  condition  of  the  old  ties,  causing  the  rails  to  catch,  it  took  longer  on  that 
•art  of  the  track  than  on  the  section  that  had  been  re-tied.  Broken  stubs 
f  spikes  also  caused  delay.  A  special  gage  bar  was  made  for  getting  the  g^ge 
f  the  first  line  of  rails  thrown.  This  was  made  of  wood  shod  with  iron  as 
tiown  in  the  sketch. 

piking —                                                                                Per  mile  Total 

6,438  hours  @  $0.26 $1 ,609. 50 

Per  mile,  378.7  hours $04. 68  

Foremen,  2  (1  ^  $10  per  day)  (1  @  $3  per  day) 146. 50 

Foremen,  per  mile 8.62  j_ij_:_ij_ij_i 

Average  gang,  48  men $103.00  $1,756.00 

When  the  old  section  of  the  track  was  reached  much  trouble  was  experienced 
1th  spiking.  The  hard  shell  on  the  ties  made  it  difficult  to  enter  the  spike, 
ad  if  the  tie  was  at  all  splintered  spikes  would  rebound  so  that  at  times  it 
as  necessary  to  have  one  man  hold  a  spike  while  another  started  it.  On  this 
iction  the  spikes  were  old,  and  many  bent  in  pulling.  These  had  to  be 
raightened  before  using,  as  the  railroad  was  very  economical  with  spikes, 
ies  averaged  21  per  rail. 

dsing  ties-—  Per  mile  Total 

249  hours  ®  $0.25 $62.26 

Per  mile  adxed  (9  mUes) $6.92  

Foremen  included  in  spikers. 
Average  gang,  3  men. 

It  was  necessary  to  adz  only  an  occasional  tie,  and  this  was  done  by  a  small 

ing  that  worked  ahead  of  the  spike  pullers. 

Cutting  Curves,  Drilling,  Bolting,  and  Setting  Over  Frogs  and  Switches 

iitting  curves —                                                                       Per  mile  Total 

978  hours  @  $0.25 $244. 50 

Per  mile,  67.63  hours  @  $0.25 $14.38  

Foreman  @  $4  i>er  day 60.00 

Foreman,  per  mile 3.53  

Average  gang,  7  men $17.91  $304.50 

The  short  ends  of  the  rails  were  cut  with  hack  saws,  the  long  rails  with  cold 
isels.  Gang  would  cut  and  connect  up  from  6  to  13  breaks  per  single  line 
rails  with  the  saw,  and  the  same  amount  with  the  chisel,  each  day.  The 
imber  of  breaks  taken  care  of  per  day  depended  on  the  amount  of  curvature 
countered.  Days  when  few  cuts  were  made  the  gang  spent  a  large  p&Tt  of 
sir  time  moving  from  curve  to  curve  or  helping  the  rear  spiking  gang.  This 
ng  had  a  push  car  to  carry  their  tools  and  usually  carried  one  extra  rail, 
lis  gang  made  the  cuts,  drilled  one  hole  oh  each  side  of  the  cut,  put  on  angle 
rs  and  spiked  the  rails  at  the  breaks.  The  balance  of  the  work  was  done 
79 
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by  anotiier  gang  that  finished  drilling  the  required  number  of  holes,  put  in  the 
bolts,  and  completed  any  other  necessary  work.  Each  break  on  a  curve 
necessitated  a  cut  with  the  chisel  and  one  with  the  saw.  The  hack  saws  were 
14-in.  blades  in  a  high  frame,  and  2  men  would  make  a  cut  in  20  to  30  minutes. 

Each  break  cost,  average  of  10  per  day — 

Labor,  7  hours  @  90.25 $     1.75 

Foreman,  1  hour  @  90AO .40 

$     2.15 

Drilling  rails  at  breaks  and  bolting — 

883hourB  @  fO.25 $220. 75 

Per  mile,  52  hours  @  $0.25 $13. 00       

Gang — 6  men  in  2  gangs  who  worked  without  foremen.     Each  gang  averaged 

drilling  and  bolting  25  holes  per  day. 

Paulus  track  drills  were  used.  The  drills  were  sharpened  in  the  railroad 
shop  and  sent  out  to  the  men  by  the  passenger  trains. 

Frogs  and  switches  were  merely  set  over  and  spiked.  This  work  was 
carried  out  by  the  gang  cutting  curves.  Balance  of  switch  work  and  yard 
work  was  done  by  the  railroad  forces.  There  were  30  switches  on  the  line 
and  the  average  cost  of  setting  them  over  was: 

Labor,  4  hours  ®  $0.25 $1 .  00 

Foreman,  H  hour  @  $0.40 20 

$1.20 

The  railroad  had  a  small  gang  following  about  2  days  behind  that  put  rail 

braces  on  some  of  the  curves. 

Miscellaneous  expenses —  Per  mile  Total 

Water  boy $48.85 

Labor,  8  hours  @  $0.15;  8  hours  @  $0.20,  per  mile $2. 80  

Superintendence — 

16  days®  $8.00 $128.00 

Per  mile $7.53  

Tablb  XIV. — Cost  op  Changing  Gags  of  17  Milks  of  Tback 

Development  expenses — 

Fees  of  men,  employment  bureau $       18.00 

Fares  of  men 92. 52 

Freight  on  tools  and  supplies $       21 .92 

Traveling,  superintendent 20.00 

Rent  of  camp 25.00 

liability  insurance 120.00 

Tool  charges 50.00 

Superintendent's    time;    looking  over  job;  finding 

men,   making  preparatory   arrangements,   hiring 

camp  site,  etc.,  8  days  @  $8.00 64 . 00 

Per  mile $24.21       $     411.44 

Camp  outfit  for  taking  care  of  65  men — 

Blankets $  62. 15 

Mattresses 131 .  50 

Cooking  and  eating  outfit 85. 61 

$279  26 
Less  salvage 40.00  239.26 

Per  mile 14 .  08 

Development  and  camp  expense $  38.28       $    650. 70 

Total  cosU $3,946.30 

Total  costs,  per  mile $235. 58 

Total  costs  less  development  expense $107.29       $3,295.60 
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The  railroad  furnished  a  work  train  made  up  of  an  old  passenger  coach 
and  two  flat  cars.  This  train  carried  the  gangs  to  and  from  the  camp  and 
carried  a  few  rails,  ties,  several  kegs  of  spikes,  and  tool  boxes.  This  train 
remained  at  the  head  of  the  work  all  day,  just  ahead  of  the  spike  pullers. 

The  working  time  for  the  17  miles  was  J.4.3  days,  making  a  speed  of  1.19 
miles  per  day,  and  as  the  ties  averaged  21  to  the  rail  against  17  on  some  other 
roads,  it  would  have  meant  a  speed  of  about  1.5  miles  on  the  latter.  There 
was  considerable  delay  due  to  transferring  passengers,  express  and  mail  from 
the  narrow  gage  to  standard  gage  trains  and  vice  versa.  About  one-half 
hour  before  the  train  was  due  at  the  working  point  it  was  necessary  to  stop 
pulling  spikes  and  set  these*  men  at  other  work.  When  the  trains  arrived 
nearly  all  the  gangs  would  help  transfer  mail,  baggage  and  express.  This 
operation  could  not  be  hurried,  as  neither  train  could  move  until  the  passen- 
gers had  left  the  one  and  boarded  the  other.  Passengers  did  not  take  kindly 
to  the  operation  and  showed  no  desire  for  speed.  Of  course  after  the  gang 
stopped  pulling  spikes,  the  other  gangs  would  gain  on  them  and  the  entire 
force  would  be  bunched  together  and  working  inefficiently  until  the  spUce 
pullers  had  gained  a  proper  lead  again.  This  delay  amounted  to  about  one- 
half  hour  for  the  entire  gang  for  each  train,  and  as  there  were  four  of  these 
transfers  per  day,  the  delay  from  this  cause  amounted  to  two  hours  per  day, 
so  the  gang  was  only  working  effectively  about  80  per  cent  of  the  time. 

Life  and  Cost  of  Timber  Snowsheds  of  the  Soathem  Pacific  R.  R. — ^Engi- 
.neering  News-Record,  Jan.  3,  1018,  gives  the  following. 

As  built  on  the  Southern  Pacific,  the  sheds  are  constructed  of  "  Shasta  pine  " 
cut  near  the  site,  which  costs  the  company  only  about  $10  to  $15  per  1000  ft. 
B.  M.  to  cut  and  deliver  on  the  work.  This  wood  has  an  average  life  in  these 
sheds  of  about  20  or  22  years,  whidi  might  be  divided  into  three  periods,  as 
follows:  During  the  first  10  years  virtually  no  repairs  are  required.  The 
next  5  or  10  years  require  increasing  repairs,  particularly  the  renewal  of  foot- 
ings and  sections  where  dampness  has  access  to  the  wood.  In  the  third  period, 
from  the  fifteenth  year  on,  according  to  ccmditions,  the  items  requiring  re- 
placement include  braces,  caps,  joists  and  in  fact  all  parts  up  to  the  point 
where  it  is  considered  cheaper  to  renew  the  shed  entirely.  In  1918  there  was 
renewed  a  section  of  shed  which  had  been  in  service  27  years— probably  the 
longest  life  on  record  for  this  division. 

As  renewed  under  1918  prices  the  cost  varies,  according  to  the  design  of  the 
section,  from  $12  to  $14  per  lin.  ft.,  this  figure  b^ng  a  rough  average  of  single 
and  double-track  construction.  The  average  maintenance  per  foot  per  annum 
is  figured  at  about  $1.60.  This  includes  renewal  made  necessary  by  fire, 
slides  and  decay,  and  also  the  cost  of  fire  patrols  and  interest  on  the  first  cost. 

Tests  of  snow  taken  from  shed  roofs,  frequently  show  a  wei^t  of  40  lb.  per 
cu.  ft.  Based  on  a  safe  margin  for  the  15-ft.  snow  load  likely  in  this  region, 
all  sheds  have  been  designed  for  a  uniformly  distributed  load  of  800  lb.  per 
sq.  ft.  This  loading  is  approximately  the  same  as  would^result  if  the  sheds 
carried  a  train  of  consolidation  locomotives. 

Cost  of  Locomotive  Repairs,  Renewals  and  Depredation. — Table  XV 
published  in  Engineering  and  Contracting,  April  17,  1012,  is  extended  from 
one  given  In  "  Railway  and  Engineering  Review"  and  is  of  interest  as  it  gives 
the  comparative  costs  of  repairs,  renewals  and  depreciation  for  locomotives. 
The  figures,  except  the  totals,  are  calculated  by  slide  rule  and  are  accurate 
to  within  a  tenth  of  1  cent  per  mile  run. 


1252 


HANDBOOK  OF  CONSTRUCTION  COST 


Tabud  XV. — Showing  Cost  Psb  Mzub  Run  of  Locomotivb  Rbpaibs,  Rbnbw- 

▲L8  AND    DePBECIATION   ON   30  RAILROADS  FOB    1011 


Total  miles 

Name  of  road  nm 

A..  T.  &  S.  F 47, 060,448 

Atl.  Coast  Line 20,980.890 

Bait.  &  Ohio 64,708,403 

B'st'n  &  Maine 31.870,282 

Cen.  R.  R.  of  N.  J 12.643,323 

Chesa.  &Ohio 19,223.950 

Chi.  &  Alton 9.327.556 

C.  &N.  W 52,418,503 

C.  B.  &Q 48,079,561 

C.  M.  4  8t.P 45.961,742 

C.,R.I.4P 41,972,762 

D.,  L.  &  W 20,019,521 

Ene 29,833,271 

Gt.  North 28,098, 160 

lU.  Central 39,808.246 

Iowa  Central 3,150.061 

Lehigh  Vafley 22,249,785 

M.&St.  L 8,264,219 

N.  Y.  C.  &  H.  R 70,540,204 

N.  Y.,  N.  H.  &  H 30,485,152 

Norfolk  A  West. .'. 23,323,895 

North.  Pacific 30, 180,346 

Pennsylvania 94,207 ,231 

Phil.  &  Read 25,462.073 

St.  L.  &8.  F 26,425,651 

So.  Pacific 40,112,861 

Southern 42,141,667 

T.,  St.  L.  «k  W 2,830,808 

Union  Pacific 22.564,917 

Wabash 21,770.774 


Repairs 

Renewals 

Deprecia- 

per mile, 

per  mile, 

tion  per 

Total. 

cents 

cents 

mile,  cents 

cents 

13.44 

'.01 

1.50 

14.95 

6.44 

.01 

.60 

7.11 

9.03 

.07 

.96 

10.06 

6.78 

.07 

.99 

'    7.84 

8.64 

.02 

1.67 

10.83 

9.89 

.04 

.70 

10.13 

11.32 

.00 

.34 

11.66 

7.08 

.02 

.57 

7.67 

7.10 

.43 

2.68 

10.21 

7.14 

.00 

.43 

7.57 

9.47 

•   •   •   • 

.08 

9.55 

7.66 

.01 

1.77 

9.44 

10.07 

.04 

.83 

10.94 

9.40 

.00 

2.61 

12.01 

10.61 

.01 

.79 

11.31 

5.78 

.03 

.50 

9.31 

8.78 

.02 

1.15 

9.95 

8.89 

.32 

.42 

9.63 

7.47 

1.13 

•  •  ■  * 

8.60 

7.91 

.02 

.17 

8.10 

8.26 

.01 

1.52 

7.79 

7.51 

.01 

2.65 

10.17 

11.09 

•  •  •  • 

.9? 

12.06 

10.48 

.75 

•   •   •   • 

.  11.23 

9.50 

.04 

.10 

9.64 

11.43 

.54 

•  •  •  • 

11.97 

8.53 
8.93 

.05 

.86 

9.44 

.32 

9.25 

12.17 

.01 

•   ■   •   • 

12.18 

9.52 

•   ■   •   • 

.64 

10.16 

Life  of  Railway  RolUng  Stock. — In  the  valuation  work  of  the  Nebraska 
State  Railway  Commission  an  extensive  investigation  was  made  and  a  large 
nmnber  of  data  were  collected  from  the  records  of  service  of  •equipment  of  a 
number  of  the  large  western  systems.  The  following  matter  is  taken  from  an 
article  by  E.  C.  Hurd  published  in  Engineering  and  Contracting,  Aug.  21. 
1912. 

The  study  embraced  the  following  up  of  each  locomotive  through  its  life 
in  type,  and  also  of  each  car  of  a  kind  and  series.  The  final  disposition  of 
the  article  was  found.  The  salvage  value  was  also  carefully  inquired  into  at 
the  time  of  vacation.  From  this  tabulations  were  made  setting  out  straight 
lines  of  depreciation,  in  combination  with  the  non-depreciating  factors  of 
salvage,  from  wfaidi  were  derived  a  value  per  cent  of  expectancy.  These 
graphic  illustrations  also  developed  other  interesting  features  even  beyond 
that  of  valuation,  having  reference  to  the- durability  of  the  several  classes  of 
equipment  and  the  points  at  which  the  life  begins  to  break  and  vacations  from 
age  occur.  Further  there  was  demonstrated  that  liability  to  accidental  de- 
struction in  the  first  few  years  was  practically  the  same  in  all  dafses  of  cars. 
In  more  detail  setting  out  the  determination  of  plans  for  depreciation  for  loco- 
motives, passenger  cars  and  freight  cars,  which  plans  were  made  up  in  an 
identical  manner,  that  having  reference  to  freight  cars  will  be  further  men- 
tioned. The  average  value  at  the  time  of  vacation  expressed  in  a  per  cent  of 
reproduction  cost  was  found  to  be  22.4  per  cent  and  which  became  the  non- 
depreciating  factor  for  freight  cars.  From  a  resume  of  the  study  of  all  classes 
3f  freight  cars  and  considerhig  all  factors  of  elimination.  19.92  yei^rs,  or  prac- 
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ticaUy  20  years,  was  established  as  the  average  life.    From  this  iofonnation 

the  following  formula  was  obtained  as  covering  all  classes  of  freight  cars: 

100^  —22  4*7 

'■ — -"S.SS  per  cent  as  the  value  depreciating  per  cent  per  annimi. 

20  years 

After  having  utilized  such  formula,  the  result  would  still  be  affected  in  limited 

measure  by  recognizing  a  minimum  value  if  still  found  in  service  beyond  its 

expectancy.    This  minimum  value  for  freight  equipment  was  determined  from 

considerable  evidence  in  hand  at  25  per  cent  of  the  value  new.    The  present 

change  in  material  utilized  into  the  construction  of  cars — namely:  that  from 

wood  to  steel — ^may  show  a  modification  in  more  or  less  degree  of  the  results 

hereabove  set  out,  but  the  length  of  life  for  this  class  of  equipment  for  study, 

not  over  ten  years,  does  not  admit  of  any  accurate  figures  except  the  factor  of 
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accidental  destruction  seems  to  remain  the  same  as  of  the  earlier  equipment. 
A  very  good  opinion  seems  to  obtain  in  that  the  increase  in  the  strength  of  de- 
sign and  materials  has  improved  closely  In  accordance  with  the  demands  for 
Increased  capacity  and  service  ability,  and  therefore  the  history  of  destruction 
will  be  in  close  accordance  to  that  of  the  older. 

The  data  described  briefly  relative  to  locomotives  ane  shown  graphically  in 
Fig.  9,  that  for  passenger  cars  in  Fig.  10,  that  composite  for  freight  cars.  Fig.  1 1, 
that  for  box  cars  Fig.  12,  that  for  stock  cars  Fig.  13,  that  for  coal  flats  Fig.  14, 
and  that  for  refrigerator  cars  Fig.  15  herewith.  (Vacation  record  of  Ry. 
rolling  stockt  Figs.  0  to  15.) 

Cost  of  Locomotives  and  Freight  Cars  in  1918. — ^Engineering  and  Contract- 
ing, June  19,  1918,  gives  the  following  note: 

The  Railroad  Administration  has  ordered  1,025  locomotives  to  cost  $60,000,- 
000  and  100,000  freight  cars  of  50  tons  each  to  cost  $300,000,000.  This  is 
equivalent  to  $60,000  per  locomotive  and  $3,000  per  50-ton  car.  Half  the 
cars  are  gondola  coal  and  half  box.  The  prices  of  the  locomotives  range  ftt>m 
$90,000  for  the  heavy  Mallets  to  $35,000  for  swltcUng  engines. 
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The  builders,  both  of  cars  and  locomotives,  will  leoeive  a  profit  of  6  per  cent 
on  the  estimated  minimum  cost.    The  Government  guarantees  the  estimated 
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sost  of  the  materials,  but.  if  the  actual  cost  is  less  than  the  estimate,  the 
Grovemment  shares  the  saving  equally  with  the  builders. 


STEAM  RAILWAYS 


1255 


The  locamotivcB  average  338,000  lb.  ea<*;  hence  the  price  is  aUnost  18  ct. 
per  pound,  or  double  the  price  hi  1905.    The  heaviest  weighs  640.000  lb. 
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Life  a>d  Cost  of  Mttatommc.  of  Fteleht  C«r..-Tahle  XVI.  reprinted,  ta 
Engineering  News.  March  7,  1912,  is  from  the  Feb.  10, Issue  of  the  fia.i«.a» 
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and  Bngineeriftg  RevietOt  which  credits  it  to  a  Mechanical  Engiiieerof  one  of 
the  railway  companies  mentioned. 
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The  average  age  of  all  freight  cars  in  service,  according  to  these  flguree.  is 
little  less  than  10  years:  omitting  destruction  by  wredcs  the  average  Ufe  is 
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lengthened  to  21.24  years.  During  its  life  each  car  is  repaired  on  an  average 
of  once  a  month,  at  an  average  cost  of  $6.26  each  time,  and  therefore,  each 
car  requires  a  total  expenditure  for  repairs  of  about  $1600,  or  twice  the  first 
cost  of  the  car. 

The  Life  of  Steel  Freight  Cars. — Steel  freight  cars  have  been  long  enough  in 
use  to  make  it  possible  to  estimate  their  average  natural  life  and  Engineering 
and  Contracting,  April  26,  1916  quotes  M.  K.  Bamum,  who  states  in  a  recent 
issue  of  the  Railway  Age  Gazette,  that  the  oldest  steel  freight  car  of  which  he 
has  knowledge  was  built  in  1896.  Two  years  ago  it  received  a  new  floor, 
beside  other  extensive  repairs,  and  appearances  indicate  that  it  may  be  good 
for  at  least  10  years  more.  However,  this  car  seems  to  be  an  excepticm,  and 
Mr.  Bamum  puts  the  average  life  of  steel  gondola  and  hopper  cars  at  about 
16  years. 

The  short  life  of  steel  cars  is  largely  due  to  corrosion  of  the  steel  plates. 
Cars  in  service  near  salt  water  corrode  more  rapidly  than  elsewhere.  Idle 
cars  corrode  much  more  rapidly  than  those  in  use,  two  months  of  idleness 
being  equivalent  to  about  two  years  of  use.  Frequent  painting — every  three 
to  five  years — ^prolongs  the  life  25  to  50  per  cent,  but  relatively  few  steel  cars 
have  been  painted. 

Natural  and  Fonctional  Life  of  Freight  Cars. — The  following  note  is  given  in 
Engineering  and  Contracting,  May  15,  1918. 

Freight  cars  have  heretofore  shown  an  average  life  of  nearly  28  years, 
about'3.6  per  cent  of  the  totai  number  being  "vacated"  annually  (See  Gil- 
lette's "  Handbook  of  Cost  Data  ") .  However,  as  is  well  known,  tliough  often 
overlooked  in  estimates,  most  of  the  cars  are  not  retired  because  they  are 
worn  out  or  too  expensive  to  maintain;  but  because  it  is  more  profitable  to 
substitute  cars  of  greater  capacity.  The  war  has  brought  about  conditions 
that  enable  us  roughly  to  segregate  natural  depreciation  (wear  and  te.ar)  from 
functional  depreciation  (inadequacy  and  obsolescence)  of  cars;  for  the  demand 
for  freight  cars  has  become  so  great  that  none  are  being  retired  because  of 
functional  depreciation. 

During  1917  about  119,000  new  freight  cars  were  manufactured.  The  net 
gain  in  cars  at  the  end  of  1917  was  about  72,000  over  1916,  indicating  a  retire- 
ment of  some  47,0(X)  cars  because  of  wear  and  tear,  or  about  2  iier  cent  of  the 
total  number  in  use.  This  would  indicate  a  natural  life  of  50  years,  as  com- 
pared with  a  ccmiposite  natural  and  functional  life  of  28  years.  While  this 
estimate  is  not  conclusive,  it  is  very  significant,  and  it  has  more  than  academic 
interest  at  this  time. 

Cost  of  Water  Softening  for  Railroads. — The  following  data  are  taken  from 
an  abstract,  published  in  Engineering  and  Contracting,  April  8.  1914.  of 
a  paper  presented  before  the  Illinois  Water  Supply  Association  by  R.  C. 
Bardwell,  chemist  of  the  Missouri  Pacific  Ry. 

On  the  Missouri  Pacific  there  are  at  present  45  complete  water  softening 
plants  in  operation,  the  majority  being  on  the  hard  waters  west  of  the  Missouri 
River.  The  average  amount  of  water  treated  per  year,  reducing  the  hardness 
so  that  it  will  form  practically  no  scale,  is  1,692,000,000  gals.  The  total 
average  amount  of  scale  removed  from  this  water  is  5,537,000  lbs.,  which  would 
make  over  110  carloads  at  50.000  lbs.  each;  a  considerable  amount  when  it  is 
remembered  that  but  for  treatment  this  scale  would  have  to  go  through 
the  engine  boilers  and  most  of  it  would  have  to  be  removed  by  hand.  The 
total  annual  cost  for  the  above  treatment,  interest  and  depreciation  on:  plants 
is  about  $65,000.    Conservative  figures  show,  however,  that  with  this  expendi- 
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Uire  there  is  a  net  saviiig  of  about  $105,000  from  cutting  down  the  following 
06868  alone: 

1.  Frequent  renewal  of  flues  and  other  parts  of  boiler  account  of  scale 
accumulation  and  injury  to  flue  ends  from  rei)eated  caulking.  2.  lAbor 
caulking  flues  and  other  engine  house  boiler  repairs.  3.  Loss  of  engine  time 
luring  boiler  and  firebox  repairs.  4.  Loss  of  fuel  due  to  insulating  effect  of 
the  scale  on  the  flues  and  other  heating  surfaces. 

Besides  the  foregoing  there  are  the  indeterminate  benefits  in  the  road  per- 
formance of  locomotives  by  reducing  failures  and  interruptions  to  trafiOc  with 
the  reduction  of  the  number  of  locomotives  required  for  a  given  traffic. 

At  one  terminal  approximately  18.000,000  gals,  of  water  are  treated  monthly, 
eliminating  5  lbs.  of  scale  per  1,000  gals,  or  a  total  of  about  80,000  lbs.  per 
month.  The  cost  of  chemicals  for  this  is  about  4  cts.  per  1,000  gals,  or  a  total 
monthly  bill  of  about  $720.  The  length  of  life  of  fines  using  straight  raw 
water  before  the  installation  of  the  softening  plant  was  from  eight  to  twelve 
months  with  serious  trouble  on  account  of  frequent  leaks.  The  locomotives 
now  using  the  straight  treated  water  average  18  months  between  shopping, 
and  the  trouble  with  leaky  flues  is  practically  eliminated. 

At  another  terminal  shop  about  30,000,000  gals,  of  water  are  treated 
monthly,  removing  3  lbs.  of  scale  per  1,000  gals,  for  a  total  of  90,000  lbs. 
Prior  to  the  installation  of  the  softener,  five  boilermaker  days  and  four  boiler- 
maker  nights  were  required  caulking  flues.  After  the  treating  plant  was  put 
in  operation  this  was  reduced  to  one-man  days  and  one-man  nights.  The 
saving  in  this  one  item  alone  is  reported  to  be  $5,712  per  year  on  an  $8,000 
investment.    The  life  of  flues  was  increased  from  8  to  15  months. 

In  most  cases  where  softening  plants  are  installed,  the  foaming  conditions 
are  increased,  especially  for  the  flrst  few  days  after  the  treatment  is  started 
due  to  the  fact  that  the  old  scale  in  boilers  is  loosened  and,  falling  off,  increases 
the  amount  of  suspended  matter  making  a  dirty  boiler  which  seems  to  be  the 
most  important  of  the  contributory  causes  of  foaming. 

To  soften  a  water  to  three  grains  per  gallon,  or  less,  of  incrusting  salts,  which 
is  the  object  in  most  cases,  demands  a  purity  in  this  respect  of  3  parts  in  58,341 
or  99.995  per  cent.  This  merely  shows  the  deceptiveness  of  reporting  water 
softening  on  the  percentage  basis,  for  although  sounding  complex  it  is  a  com- 
paratively simple  matter.  However,  each  individual  water  has  its  peculiari- 
ties such  as  the  temperature  at  different  seasons  and  the  difference  in  content 
of  magnesium  salts  which  slow  up  the  reaction  and  without  due  allowance  for 
same  leave  a  milky  water  for  a  final  product.  Creek  waters  of  course  change, 
with  the  precipitation  and  I  have  also  found  that  in  some  parts  of  the  country 
well  waters  become  softer  in  winter  while  others  get  harder. 

So  far  the  development  of  water  softening  on  a  large  scale  has  centered 
around  lime  and  soda  ash  as  being  the  chemicals  which  produce  the  results 
Tor  the  least  cost.  However,  barium  hydrate  is  the  ideal  reagent  on  account 
3f  its  leaving  no  detrimental  by-products  as  in  the  case  of  soda  ash.  So  far 
bhe  expense  has  retarded  its  development.  Numerous  boiler  compounds 
bhrough  the  high  degree  of  exploitation  obtained  have  been  tried  by  a  few  raU- 
-oads  but  investigation  would  show  that  even  where  the  work  desired  was  done 
the  cost  greatly  exceeds  that  of  the  recognized  methods.  Inert  powdered 
arraphite  is  now  being  largely  exploited  as  a  cure-all  for  scale  troubles,  but  its 
3Conomical  merits  are  yet  to  be  proven.  The  "  sunlight  on  corrugated  alumi- 
lum"  patent,  which  was  supposed  to  render  the  scale  inert  in  the  water 
Arithout  removing  it  chemically  has  been  tried  at  several  points  in  this  section 
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and  seems  to  have  proven  unworthy.  The  Permutitt  water  softener,  the 
artificial  zeolite,  will  never  be  a  universal  success  in  tailroad  work  on  account 
of  the  replacing  of  incrusting  carbonates  with  sodium  carbcmate,  that  is,  waters 
which  are  sufficiently  hard  to  warrant  the  expense  of  treatment,  as  a  rule 
contain  sufficient  incrusting  carbonates,  which  if  replaced  by  sodium  carbonate 
could  not  be  used  on  account  of  foaming  properties.  Therefore  it  would  seem 
that  common  lime  and  soda  ash  will  continue  to  remain  in  service. 


CHAPTER  XIX 

SMALL  TUNNELS 

Notes  on  management  and  organization  for  constructing  small  tunnels  as 
well  as  cost  and  progress  data  for  both  earth  and  rock  tunneling  are  given  in 
this  chapter.  Further  notes  of  interest  and  applicable,  in  a  degree,  to  small 
tunnels  are  given  in  Chapter  XX. 

Additional  data  on  the  methods  and  costs  of  driving  small  tunnels  in  rock 
are  given  in  Gillette's  Handbook  of  Rock  Excavation. 

Coats  of  SO  Tunnels. — ^A  compilation  of  tunnel  costs,  from  data  personally 
collected  and  given  in  Bureau  of  Mines  Bulletin  57  by  D.  W.  Brunton  and  J. 
A.  Davis,  are  published  in  Engineering  and  Contracting,  June  24,  1914. 

There  are  set  forth  in  the  following  pages  as  complete  and  accurate  data  as 
could  be  obtained,  showing  the  cost  of  various  phases  of  tunnel  work  at  a 
niunber  of  differ^it  tunnels.  Although  the  writers  have  not  had  the  advan- 
tage of  auditing  the  books  from  which  these  figures  were  taken  and  hence  can 
not  vouch  personally  for  the  absolute  accuracy  of  the  figures,  the  data  were  in 
all  cases  procured  from  persons  in  charge  or  who  were  in  a  position  to  know 
what  the  work  actually  cost.  Aocompanjring  the  figures  is  a  brief  list  of  the 
more  important  features  of  the  tunnel,  without  which  it  is  impossible  to  make 
even  an  approximate  comparison  between  any  two  pieces  of  tunnel  work. 

GUNNISON   TUNNEL 

Important  Details. — Location:  Montrose,  Colo.  Purpose:  Irrigation  and 
reclamation.  Shape  of  cross  section:  Horseshoe.  Size:  10  ft.  wide  at  the 
bottom,  10  ft.  6  ins.  wide  at  the  spring  line,  10  ft.  high  at  the  spring  line,  12 
ft.  4  ins.  high  at  the  center  of  the  arch.  Length:  30,645  ft.  Character  of  rock 
];>enetrated:  Chiefly  metamorphosed  granite  with  some  water-bearing  clay 
and  gravel,  some  hard  black  shale,  and  a  zone  of  faulted  and  broken  rock. 
Type  of  power:  Steam.  Ventilator:  Pressure  blowerr  Size  of  ventilating 
pipe:  17  ins.  Drills:  At  first,  pneumatic  hammer,  4  drills  in  the  heading; 
afterwards,  pneimiatic,  piston,  4  drills  in  the  heading.  Mounting  of  drills: 
Horizontal  bar  for  the  hammer  drills,  vertical  columns  for  the  piston  driUs. 
Number  of  holes  per  round:  20  to  24  in  the  heading  (approximately  one-half 
of  the  tunnel).  Average  depth  of  round:  6  to  7  ft.  Number  of  drillers  and 
helpers  per  shift:  4  drillers  and  2  helpers.  Number  of  drill  shifts  per  day:  3. 
Explosive:  60  per  cent  gelatin  dynamite,  with  some  40  per  cent.  Number 
of  muckers  per  shift:  5  to  8.  Number  of  mucking  shifts  per  day:  3. 
Type  of  haulage:  Electric.  Wages:  Drillers,  $3.50  and  $4;  helpers,  $3  and 
$3.50;  muckers,  $2.50  and  $3;  blacksmiths,  $3.50  and  $4;  motormen,  $3; 
brakemen,  $2.50  and  $3;  power  engineers,  $4.  Maximum  progress  in  any 
calendar  month:  449  ft.     Average  monthly  progress:  250  ft.,  approximately 
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COBT  OF  DbIVING 

Coet  per 
foot  of 
tunnel 

10,019  feet  driven  by  undercut  heading  and  subsequent  enlargement $87. 23 

20,626  feet  driven  by  top  heading  and  bench 62. 18 

Average  cost  of  excavation  of  entire  tunnel 70. 66 

These  costs  include  all  labor,  all  matorials,  tAi  repairs,  all  power,  deprecia- 
tion figured  as  100  per  cent  on  all  equipment,  with  a  proportionate  charge  for 
general  (supervisory)  and  miscellaneous  expenses  of  the  entire  reclamation 
project. 

Labamib-Poudbe  Tunnbl 

Important  Details. —  Location:  Home,  Colo.  Purpose:  Irtigation.  Cross 
section:  Rectangular.  Size:  9H  ft.  wide  byTKft.  high.  Length:  11,306  ft. 
Character  of  rode  penetn^ted:  Closegraihed  red  and  gray  granite.  '  Type  of 
I>ower:  Hydraulic  at  the  east  end,  electric  at  the  west.  Ventilator:  Pressure 
blower.  Size  of  ventilating  pipe :  14  and  15  ins.  Drills :  8  pneumatic  hammer. 
Mounting  of  drills:  Horizontal  bar.  Number  of  holes  per  round:  21  to  23. 
Average  depth  of  round:  10  ft.  at  first,  7  to  8  ft.  later.  Number  of  drillers 
and  helpers  per  shift :  3  drillers,  2  helpers.  Number  of  drill  slrifts  per  day :  3. 
Explosive:  60  per  cent  gelatin  dynamite,  with  some  100  per  cent  in  the  cut 
holes.  Nimiber  of  muckers  per  shift:  6.  Number  of  muddng  shifts  per 
day:  3.  Type  of  haulage:  Mides.  Wages:  Drillers,  $4.60;  helpers,  $4; 
muckers,  $3.50;  blacksmiths,  $5;  drivers,  $4.50;  dumpmen,  $8.50.  Maximum 
progress  in  any  calendar  month:  653  ft.,  March,  1911.  Average  monthly 
progress:  509  ft.  (for  the  16  months  when  complete  plant  operated).  Special 
feature:  Inacces  sibility;  the  tunnel  was  located  about  60  miles' from  the 
nearest  railroad  siding,  and  the  roads  were  mountainous  and  very  steep  in 
places. 

Cost  of  Dbivinq  Tunnel  11,306  Ft 

Coet  per 
foot  of 
tunnel 

Superintendents  and  foremen $1. 50 

Dnlling 4. 47 

MuckinjE  and  loading 4. 92 

Tramming  and  dumping 4. 63 

Track  and  pipe 47 

PowOT  house .35 

Blacksmithing ,84 

Repairs .47 

Bonus  to  workmen 1. 75 

Maintenance  of  camps,  buildings,  and  fuel .62 

Machinery  repairs .12 

Air  drills  and  parts 1 .  33 

Picks,  shovels  and  steel .84 

Explosives 4. 50 

Lamps  and  candles .42 

Oil  and  waste -.38 

Blacksmith  supplies .53 

Liability  insurance .81 

Office  supplies,  telephone  and  bookkeeping .86 

$29.81 
Permanent  equipment  (leas  approximately  10  per  cent  salvage) 9. 73 

$39.54 

The  ijermanent  equipment  included  power  plant,  camp  buildings  and 
furnishings,  pipes,  rails,  etc. 


SMALL  TUNNELS 


Little  Lake  Division.  Tiumela  1  to  lOA 

Important  Det^ls. — Location:  Inyo  Count;,  Cal.  Purpose:  Water  sup- 
ply, power,  and  Inisatlon.  Cross  section:  S«b  Fig.  1.  Blze:  See  Fig.  1. 
Type  o/  power:  Electric  power  purchased  at  a  nominal  cost  pet  kilowatt-hour 
from  a  hydraulic  plant  constructed  and  owned  by  tlie  aqueduct.  Ventilators: 
Pressure  blowers.  Size  of  ventilating  pipe:  12  ins.  Drills :  Pneumatic  ham- 
mer, usually  2  In  each  heading.    Mouutlflg  of  drills:  Horizontal  bar.    Num- 
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ber  oF  hdea  per  round:  UsuaJly  14  to  IQ.  Average  depth  of  round:  6  to  10  ft. 
Numberof  drillers  and  helpers pershltt:  2  drillers  and  2  helpers.  Number  of 
drill  shifts  per  day:  Usually  l,  but  sometimes  2.  Eiploslve:  40  per  cent 
gelatin  dynamite,  with  some  20  per  cent  and  some  60  per  cent;  ammonia 
dynamite  also  tried.  Number  of  muckers  per  shift:  Usually  5.  Number  of 
mucking  shifts  per  day:  Usually  1,  but  2  when  2  drill  shifts  were  employed. 
Type  of  haulage:  Tunnels  1  to  3-N,  mules:  tunnels  3-S,  to  lOA-N,  electric; 
tunnel  lOA-S,  mules.  Wages:  DrlUers  and  helpers,  »3;  muckers,  12.60;  black- 
smiths, (4;  helpers,  (2.60;  motormen,  t2,75;  dumpmen,  12.60. 
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Cost  of  Dbxyzno  Tunnsl  IB-S  fob  1,341  Ft. 

[Driven  through  medium-hard  granite  at  an  average  speed  of  225  ft.  per  month*] 

Coet  ^  per 
foot'  of 
tunnel 

Excavation f  9.15 

Engineering t .18 

Adit  proportion .28 

Permanent  equipment  (estimated) 2 .  35 

Timbering  (857  ft.) 1 . 02 

$12.98 
*  The  average  speed  given  is  computed  on  the  basis  of  one  heading  per  month. 

In  this  tunnel,  as  in  all  of  the  tunnels  of  this  division  and  of  the  Grapevine 
division,  the  cost  of  excavation  includes  the  wages  of  shift  foremen,  drillers, 
helpers,  muckers,  motormen  or  mule  drivers,  dimipmen,  blacksmiths  and 
helpers,  machinists,  electricians  (part),  and  power  engineers;  also  the  cost 
of  powder,  fuse,  caps,  candles,  light  globes,  machine  oil,  blacksmith  supplies 
and  fuel,  and  machinists'  supplies,  and  the  cost  of  power  and  of  repairs  for 
power,  haulage,  compressor,  and  ventilating  machinery. 

"Engineering"  includes  the  cost  of  giving  line  and  grade,  etc. 

*'  Adit  proportion  "  is  a  proportionate  charge  per  foot  of  tunnel  to  defray  the 
cost  of  an  adit  from  the  surface  to  the  tunnel  line. 

"Permanent-equipment"  costs  were  not  segregated  for  each  tunnel,  but 
were  compiled  for  the  whole  division,  so  the  charge  represents  a  proportionate 
charge  per  foot  for  the  entire  division  cost,  without  salvage,  of  trolley  and  light 
lines,  including  freight  and  cost  of  installation;  ventilating  lines  with  freight 
and  installation;  water  lines  with  freight  and  installation;  mine  locomotives 
and  cars,  picks,  shovels,  drills  and  drill  sharpeners,  with  repairs  for  the  last 
four  items. 


Cost  of  Dbivinq  Tunnel  2,  Lbnqth  1,739  Ft. 

r  very  wet  gr 
per  month] 


(Driven  through  medium-hard  but  very  wet  granite  at  an  average  speed  of  170  ft. 

th] 


Cost  per 

foot  of 

tunnel 

Excavation f  8. 81 

Enp;ineering .19 

Adit  proportion .34 

Permanent  equipment 2 .  35 

Timbering  (1,590  ft.) 3.28 

$14.97' 

Cost  of  Dbivinq  Tunnel  2 A,  Length  1,322  Ft. 

[Driven  through  medium-hard  granite  at  an  average  speed  of  150  ft.  per  month] 

Cost  per 
foot  of 
tunnel 

Excavation $8. 05 

En^;ineering .16 

Adit  proportion .34 

Permanent  equipment 2. 35 

Timbering  (1,322  ft.) 2.51 

$13.41 
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Cost  of  Drivino  Tunnsl  3-N  pob  1,148  Ft. 

[Driven  through  medium-hard  granite  at  an  average  speed  of  150  ft.  per  month] 

Cost  per 
foot  of 
tunnel 

Excavation $10. 10 

Engineering  .^ 23 

Adit  proportion .51 

Permanent  equipment 2. 35 

Timbering  (956  ft.) 2. 44 

$15. 63 
Cost  of  Driving  Tunnel  3-S  for  .1,358  Ft. 

[Driven  through  granite  of  variable  hardness,  and  containing  pockets  of  carbon- 
dioxide  gas,  at  an  average  speed  of  155  ft.  per  month] 

Cost  per 
foot  of 
tunnel 

Excavation . . . ' $12. 38 

Engineering .28 

Adit  proportion .16 

Permanent  equipment 2. 35 

Timbering  (1,244  ft.) 3. 28 

$18. 45 

Cost  of  Driving  Tunnel  3  (3-N  and  3-S),  Complete,  4,044  Ft. 

[Driven  through  decomi)osed  granite  of  medium  hardness,  dissected  by  slips 
and  talcose  planes  requiring  timber  where  ground  was  wet,  and  also  containing 
pockets  of  carbon-dioxide  gas,  making  work  difficult  and  requiring  extra 
provisions  for  ventilation.     Average  speed,  140  ft.  per  month] 

Cost  per 
foot  of 
tunnel 

Excavation $12.  67 

Engineering .24 

Adit  proportion .35 

Permanent  equipment 2. 36 

Timbering  (3,570  ft.) 2. 71 

$18. 32 
Cost  of  Driving  Tunnel  4,  Length  2,033  Ft. 

[Driven  through  medium-hard  to  hard  granite  at  an  average  speed  of  145  ft. 

per  month] 

Cost  per 
foot  of 
tunnel 

Excavation $12. 00 

Engineering .24 

Adit  proportion .16 

Permanent  equipment 2.  35 

Timbering  (1,705  ft.)   2. 16 

$17.01 
Cost  of  Driving  Tunnel  5,  Length  1,178  Ft. 

[Driven  through  medium-hard  to  very  hard  granite  at  an  average  speed  of  120  ft. 

per  month] 

Cost  per 
foot  of 
tunnel 

Excavation $11. 10 

Engineering .21 

Adit  proportion .08 

Permanent  equipment 2.  35 

Timbering  (916  ft.) 1. 83 

$16. 67 
80 
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Cost  of.Dbitino  Tunnel  7,  Lbnotb  3,596  Ft. 

[Driven  through  biotite  granite  of  variable  hardness  at  an  average  speed  of 

140  ft.  per  month] 

Cost  per 

foot  of 

tunnel 

Excavation $13. 55 

En|^neering .27 

Adit  proportion , , .13 

Permanent  equipment 2. 35 

Timbering  (2,609  ft.) 3. 60 

$19. 90 
Cost  of  Dbivino  Tunnbl  8-S  fob  1,334  Ft. 

*  Driven  through  medium-hard  to  hard  granite  at  an  average  speed  of  135  ft.  per 

month] 

Cost  per 
foot  of 
tunnel 

Excavation $12. 82 

En^neering .19 

Adit  proportion .18 

Permanent  equipment 2. 35 

Timbering  (126  ft.) 39 

$15. 93 
Cost  of  Drtvinq  Tunnel  9  fob '3,606  Ft. 

[Driven  through  medium-hard  to  hard  granite  at  an  average  speed  of  195  ft. 

per  month] 

Cost  per 
foot  of 
tunnel 

Excavation $12. 19 

Enp^neering .18 

Adit  proportion .07 

Permanent  equipment 2. 35 

Timbering  (305  ft.) .29 

$15.08 

Cost  of  Dbivinq  Tunnel  10  fob  5,657  Ft. 

[Driven  through  medium-hard  to  hard  granite  at  an  average  speed  of  200  ft. 

per  month] 

Cost  per 
foot  of 
tunnel 

Excavation $18. 50 

Engineering .19 

Permanent  equipment ^ 2. 86 

Timbering  (194  ft.) 11 

$16. 15 
Cost  of  Dbiying  Tunnel  lOA-N  fob  1,496  Ft. 

[Driven  through  medium -hard  to  hard  granite  at  an  average  speed  of  165  ft. 

per  month] 

Cost  per 
foot  of 
tunnel 

Excavation $13. 02 

Engineering .13 

Permanent  equipment 2. 35 

Timbering  (24  ft.) 78 

$16.28 
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CoBT  OF  Drxvinq  Tunnel  lOA-S  FOR  2,200  Ft. 

[Driven  through  medium-hard  to  hard  granite  at  average  speed  of  200  ft.  per 

month] 

,Coet  per 
foot  of 
tunnel 

Excavation $12. 37 

Engineering .20 

Permanent  equipment 2. 35 

Timbering  (215  ft.) 1. 15 

$16. 07 

OBAPB  VINS  DXVIBION,  TUNNBLS  12  TO  17B 

Important  Details. — Location:  Kem  County,  Cal.  Purpose:  Water 
supply,  power,  and  irrigation.  Cross  section:  See  Fig.  1.  Size:  See  Fig.  1. 
Type  of  power:  Electric  power  purchased  from  aqueduct  plant.  Ventilators: 
Pressure  blowers.  Size  of  ventilation  pipe:  12  ins.  Drills:  Pneumatic 
hammer,  usually  2  in.  each  heading.  Mounting  of  drills:  Horizontal  bar. 
Number  of  holes  per  roimd:  Usually  18  to  20.  Average  depth  of  round: 
6  to  8  ft.  Number  of  drillers  and  helpers  per  shift:  2  drillers  and  2  helpers. 
Nim:iber  of  drill  shifts  per  day:  Usually  2.  Explosive:  40  per  cent  ammonia 
dynamite,  but  60  per  cent  and  75  per  cent  gelatin  djrnamite  were  employed  in 
hard  ground.  Number  of  muclcers  per  shift:  4  or  6.  Number  of  mucking 
shifts  per  day:  Usually  2.  Type  of  haulage:  Electric  after  the  first  400  to  500 
ft.  Wages:  Drillers  and  helpers,  $3;  muckers,  $2.50;  blacksmiths,  $4; 
helpers,  $2.50;  motormen,  $2.75;  dumpmen,  $2.50. 

Cost  of  Driving  Tunnbl  12,  Length  4,900  Ft. 
[Driven  through  hard  granite  at  an  average  speed  of  185  ft.  per  month] 

Cost  per 
foot  of 
tunnel 

Excavation* $22. 10 

Engineering* .32 

Permanent  equipment* 2. 35 

Timbering  (90  ft.) 08 

$24.76 
*  These  items  include  the  same  costs  as  for  the  Little  Lake  division. 

Cost  of  DRnriNQ  Tunnel  13  for  1,525  Ft. 

[Driven  through  hard  granite  at  an  average  speed  of  130  ft.  per  month] 

Cost  per 
foot  of 
tunnel 

Excavation $20. 60 

Engineering 10 

Permanent  equipment 2. 25 

Adit  proportion .37 

$23. 32 
Cost  of  Drhting  Tunnel  14,  Length  859  Ft. 

Cost  per 
foot  of 
tunnel 

Excavation $22.  70 

Engineering .13 

Permanent  equipment 2. 25 

Adit  proportion .72 

Timbering  (22  ft.) 16 

$25. 96 
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Cost  of  Dbiyinq  Tunnel  15,  Lbnoth  895  Ft. 

Cost  per 
foot  of 
tunnel 

Excavation $23.  28 

Engineering .11 

Permanent  equipment 2.  25 

Adit  proportion 2. 42 

$28. 06 
Cost  op  Drivino  Tunnel  16,  Length  2,723  Ft. 

[Driven  through  hard  granite  at  an  average  speed  of  145  feet  per  month] 

Cost  per 
foot  of 
tunnel 

Excavation $20.07 

Engineering .17 

Permanent  equipment *. 2. 25 

Adit  proportion .55 

Timbering  (18  ft.) .04 

$23.08 

Cost  of  Driving  Tunnel  17,  Length  3,024  Ft. 

Cost  per 
foot  of 
tunnel 

Excavation $20.47 

Engineering .21 

Permanent  equipment 2.25 

Timbering  (142  ft.) , 22 

$23.15 
Cost  of  Dbivino  Tunnel  17H  I'OR  1,345  Ft. 

[Driven  through  medium-hard  to  hard  granite  at  an  average  speed  of  225  feet 

per  month] 

Cost  per 
foot  of 
tunnel 

Excavation $19 .  66 

Engineering .31 

Permanent  equipment 2 .  25 


*  Cost  of  Driving  Tunnel  17A  for  3,275  Ft. 


$22.12 


Cost  per 

foot  of 

tunnel 

Excavation » $18.70 

Engineering. .17 

Permanent  equipment 2 .  25 

Timbering  (441  ft.) 1. 18 

$22.30 

Cost  of  Driving  Tunnel  17B  for  4,915  Ft. 

Cost  per 
foot  of 
tunnel 

Excavation $2. 109 

Engineering .21 

Permanent  equipment     2. 25 

Timbering  (163  ft.) 1 .90 

$25.45 
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EUZABBTH  DIYISIOIT,  BLI2ABBTH  LAKB  TTTNlTBIi 

Important  Details. — Location:  Los  Angeles  County,  Cal.  Purpose: 
Water  supply,  power  and  irrigation.  Cross  section :  Rectangular,  with  arched 
roof.  Size:  12  by  12  ft.  Length:  26,870  ft.  Type  of  power:  Electric 
power  purchased  from  aqueduct  plant.  Ventilator:  Pressure  blower.  Size 
of  ventilating  pipe:  18  ins.  Drills:  Pneumatic  hammer,  3  in  the  south 
heading  and  2  in  the  north.  Mounting  of  drills:  Horizontal  bar.  Number 
of  holes  per  round :  25  In  the  south  heading,  16  in  the  north  heading.  Average 
depth  of  round:  8  to  10  ft.  Nmnber  of  drillers  and  helpers  per  shift:  2 
drillers  and  2  helpers  at  the  north  end,  3  drillers  and  3  helpers  at  the  south 
end.  Number  of  drill  shifts  per  day:  3.  Explosive:  40  per  cent  and  60  per 
cent  gelatin  dynamite.  Number  of  muckers  per  shift:  6.  Number  of  muck- 
ing shifts  per  day:  3.  Type  of  haulage:  Electric.  Wages:  Drillers  and 
helpers,  $3;  muckers,  $2.50;  blacksmiths,  $4;  helpers,  $2.50;  motormen,  $2.75; 
dumpmen,  $2.50.  Maximum  progress  in  any  calendar  month:  604  ft.,  April, 
1910.    Average  monthly  progress  per  heading:  350  ft.  per  month. 

Cost  of  Dbtvinq  t&e  North  Hbadinq,  Elizabeth  Laxb  Titnnbl 

[Driven  through  altered  granite,  requiring  much  timbering,  13,370  ft.] 

Cost  per 
foot  of 
tunnel 

Drilling  and  blasting $11.25 

Mucking  and  tramming 11 .  70 

Engineering  and  Bupenntendence 1 .  27 

Drainage .45 

Ventilation 22 

Light  and  power 5 .  55 

Timbering  (13,031  ft.) 8.48 

Cost  of  auxiliary  shaft .93 

Permanent  equipment  (full  charge,  no  salvage;  estimated) 8.70 

$43.55 

Cost  of  Diuvinq  the   South  Headinq,  Elizabeth  Lake  Tunnel 

[Driven  through  medium-hard  to  hard  granite,  requiring  but  Uttle  timbering, 

13,500  ft.l 

Cost  per 
foot  of 
tunnel 

Drilling  and  blasting $14. 65 

Mucking  and  tramminjg 11 .  10 

Engineering  and  superintendence .86 

Drainage .17 

Ventilation .41 

Light  and  power 4 .  93 

Permanent  equipment  (without  salvage;  estimated) 3.70 

Timbering  (3,424  ft.) 2. 19 

$38.01 

LtrOANIA  tunnel 

Important  Details. — ^Location:  Idaho  Springs,  Colo.  Purpose:  Mine 
development  and  transportation.  Cross  section:  Square.  Size:  8  by  8  ft. 
Length:  12,000  ft.  projected;  6,385  ft.  driven  December  1,  1911.  Character 
of  rock  penetrated:  Hard   granite.    Type   of  power:  Purchased   electric 
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Current.  Ventilator:  Pressuie  blower.  Size  of  yentilating  pipe:  18  and  19 
ins.  Drills:  Pneumatic  liammer,  3  in  the  heading.  Mounting  of  drills: 
Vertical  colunms.  Number  of  holes  per  round:  25.  Average  depth  of  round: 
8  to  9  ft.  Number  of  drillers  and  helpers  per  shift:  3  drillers  and  2  helpers. 
Number  of  drilling  shifts  per  day:  1.  Explosive:  60  per  cent  gelatin  dyna- 
mite. Number  of  muckers  per  shift:  3.  Number  of  mucking  shifts  per  day: 
1.  Tjrpe  of  haulage:  Horses.  Wages:  Head  driller,  $6;  drillers,  S4;  nipper, 
$3.50;  boss  mucker,  $5;  muckers,  $4;  drivers,  $4;  power  engineers,  $4;  black- 
smith, $5.  Maximum  progress  in  any  calendar  montli:  263  ft.,  September, 
1911.  Average  monthly  progress:  125  ft.  per  month  for  the  first  4,800  ft., 
240  ft.  per  month  for  the  last  1,575  ft. 


AvEBAQB  Cost  of  Driving  Fibst  4,800  Ft. 

Cost  per 
foot  of 
tunnel 

Labor f  8.86 

Powder 7 .  86 

Fuse  and  caps ; .17 

Candles  and  oil .21 

Horse  feed  and  shoeing .18 

Power. 1 . 64 

Repairs .14 

Tunnel  eouipment 2 .  76 

Surface  plant 1 .  26 

$23.06 

^Tunnel  equipment"  includes  the  cost  of  materials  and  installation  of  the 
pressure  air  line,  the  ventilating  line,  rails,  ties  and  fittings,  and  the  drainage 
ditch.  "  Surface  plant "  includes  buildings,  compressor  blower,  transformers, 
motors  and  drill  sharpener. 

Cost  of  driving  next  1,576  ft.:  The  contractor  received  $21.60  per  foot  to 
cover  the  cost  of  labor,  powder,  fuse,  caps,  candles,  oil,  horse  feed  and  shoe- 
ing, power  and  repairs,  and  the  installation  of  the  tunnel  equipment. 


If  ABSHALL-BUBBELL  TVNNEI/ 

Important  Details. — ^Location:  Empire,  Colo.  Purpose:  Mine  drainage, 
development  and  transportation.  Cross  section:  Rectangular.  Size:  8 
ft.  wide  by  9  ft.  high.  Length:  11,000  ft.  projected;  6,700  ft.  driven  January 
1,  1913.  Character  of  rock  penetrated:  Granite  and  gneiss.  Type  of  power: 
Purchased  electric  current ;  also  a  small  auxiliary  hydraulic  plant.  Ventilator: 
Fan.  Size  of  ventilating  pipe:  12  and  13  ins.  DriUs:  2,  pneumatic  hammer. 
Moimting  of  drills:  Vertical  columns.  Number  of  holes  per  roimd:  18  to  20. 
Average  depth  of  round :  9  to  10  ft.  Number  of  drillers  and  helpers  per  shift: 
2  drillers  and  2  helpers.  Number  of  drill  shifts  per  day:  1.  Explosive:  40 
per  cent  gelatin  dynamite;  with  some,  80  per  cent.  Number  of  muckers  per 
shift:  4.  Number  of  mucking  shifts  per  day:  1.  Type  of  haulage:  Horses. 
Wages:  Drillers,  $4;  helpers,  $3;  blacksmith,  $4;  hdpers,  $3;  muckers,  $3.25; 
trammers,  $3.76;  dumpmen,  $3.26;  power  engineer,  $3.60;  shooters,  $3.26. 
Maximum  progress  for  any  calendar  month:  187  ft.,  June,  1909.  Average 
monthly  progress:  126  ft. 
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Coar  OF  Dbivinq  Tvnnbl  6,700  Ft. 

Cost  per 
foot  of 
tunnel 

Labor $  9.37 

Powder,  fuse,  cape  and  blacksmith  coal 3. 35 

Drills,  steel  and  repairs  (less  30  per  cent  salvage) 1 .  34 

Power 1 .  41 

Permanent  equipment  and  general  expense  (less  30  per  cent  salvage  on 

permanent  equipment) 3. 41 

$18.88 

MISSION  TUNNEL 

Important  Details. — ^Location:  Santa  Barbara,  Cal.  Purpose:  Water 
supply.  Cross  section:  Trapezoid.  Size:  6  ft.  wide  at  the  base,  4H  ft.  wide 
at  tlie  top.  7  ft.  high.  Length:  10,660  ft.  Character  of  rock  penetrated: 
Shale,  slate,  and  hard  sandstone.  Ventilator:  Pressure  blower.  Size  of 
ventilating  pipe:  10  ins.  Drills:  1  pneumatic  hammer.  Mounting  of  drills: 
Horizontal  bar.  Number  of  holes  per  round:  12  to  14.  Average  depth  of 
round:  7  to  8  ft.  Number  of  drillers  and  helpers  per  shift:  1.  Number  of 
drilling  shifts  per  day:  3.  Explosive:  40  per  cent  and  60  per  cent  gelatin 
dynamite.  Number  of  muckers  per  shift:  4.  Number  of  mucking  shifts 
per  day:  3.  Type  of  haulage:  Electric.  Wages:  Drillers,  $3.50;  iielpers, 
$3;  muckers,  $2.75;  blacksmiths,  $4;  helpers,  $3;  motormen,  $2.75;  dumpmen, 
$2.50;  power  engineers,  $2.75.  Maximum  progress  in  any  calendar  month: 
414  ft..  February,  1911.    Average  monthly  progress:  210  ft. 

Cost  of  Dbivinq  thb  South  Postal,  Mission  Tunnel,  Mat,  1909,  to  Sbp- 

TBMBEB,  1911,  5,515  Ft. 

Cost  per 
foot  of 
tunnel 

Administration $  1 .  14 

Labor 9.20 

Power 2. 12 

Explosives 1 .97 

Timbering  (563  ft.) 30 

Track  and  pipe 1.2^ 

Miscellaneous  supplies 2 .  46 

Drill  parts  (including  steel) 1 .  02 

Bonus .48 

$19.91 

"Administration"  includes  superintendence,  office  supplies,  and  general 
charges.  "Miscellaneous  supplies"  includes  candles,  light  globes,  shovels, 
picks,  blacksmiths'  supplies  and  fuel,  and  machinists'  supplies. 

NBWHOUSE  TUNNEL 

Important  Details. — ^Location:  Idaho  Springs,  Colo.  Purpose:  Drainage 
and  transportation!  Cross  section:  Square.  Size:  8  by  8  ft.  Length: 
22,000  ft.  Character  of  rock  penetrated:  Idaho  Spring  gneiss.  Type  of 
power:  Purchased  electric  current.  Ventilator  Pressure  blower.  Size  of 
ventilating  pipe:  18  ins.  Drills:  Pneumatic  hammer.  Mounting  of  drills: 
Vertical  column.  Nimiber  of  holes  per  round:  14  to  22.  Number  of  drill 
shifts  per  day:  1  and  2.  Explosive:  40  per  cent  gelatin  dynamite,  with  some 
100  per  cent  in  the  cut  holes.  Number  of  muckers  per  shift:  3.  Number  of 
mucking  shifts  per  day:  1   and  2.    Type  of  haulage:  Electric.    Wages: 
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,  to  Aat-  Sept.  to  Dec.  Apr.  to  Auc. 
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Blacknnitbina I 

U«  of  drili.,  repaire  and  Et«d 1 
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11 

Important  Details. — Location:  Bonanza,  Colo.  Purpose:  Mine  dtatiuga 
and  derelopmfint.  Cross  sectloot  Trapezoidal.  Blze:  S  ft.  wide  U  (he  tuaa, 
7  It.  wide  at  the  lop,  7  ft.  high.  Length;  8,236  ft.  Character  of  rock  peo»- 
trated:  Tough,  hard  andesite.  Type  of  power:  Steam  witb  wood  tor  fuel. 
Ventilator:  Pressure  blower.  Size  of  ventllatlnf:  pipe:  12  and  13  Ins.  DriUa: 
2,  pneumatic  bammer.  Mounting  of  drills:  Horfsoutal  bar.  Number  of 
boles  per  round:  23  to  2S.  Average  depth  of  round:  8  to  0  ft.  at  first,  6 
toSft.iater,  Numberof  drliieraandhelperaperBhift:  2drlllersand  2  helpers. 
Number  of  drill  shifts  per  day:  2  at  first.  3  later.  Exploelve:  40  per  cent  and 
60  per  cent  gelatin  dramuite  (In  the  pioportlon  of  about  2  to  ij.  Number  o( 
muckers  per  shift:  4,  Number  of  mucking  shifts  per  day:  2  and  3.  Typ« 
o(  haulage:  Horses  and  mules.  Wages:  Drillers,  (4. SO;  helpers,  t3.7S; 
muckers.  U.SO:  blacksmiths.  t4.50:  drivers  (3,50;  power  engineers,  H. 
Maximum  progress  In  anj  calendar  month:  68fi  ft.,  July,  1912.  Averaga 
moDthly  progress :  Approximately  3S0  ft. 
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ming,.... 
and  pip< 
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Drilling  and  firing"  includes  labor,  powder,  fuse,  caps,  supplies,  and 
airs.  "  Mucking,"  "  Tramming,"  and  "  Track  and  pipe "  include  labor  and 
plies.  "Miscellaneous  underground  expenses"  include  wages  of  foremen, 
lerground  telephone,  etc.  "Power  plant"  includes  labor,  supplies,  and 
I.  "  Blacksmithing"  and  "  Miscellaneous  surface  work"  include  labor  and 
•plies.  "  General  Expenses  "  include  salaries,  oflftce  supplies,  telephone,  etc. 
ermanent  plant"  includes  machinery  and  buildings,  with  labor  of  installa- 
1,  steel  rails,  permanent  supplies,  and  repairs.  "  Timbering  "  includes  labor 
I  supplies.  The  salvage  of  the  permanent  plant  is  approximately  50  per 
t  on  salable  articles,  such  as  machinery,  rails,  cars,  etc. 

ROOSEVELT  TUNNEL 

mportant  Details. — ^Location:  Cripple  Creek,  Colo.  Purpose:  Mine 
.Inage.  Cross  section:  Rectangular,  with  large  ditch  at  the  side.  Size: 
ft.  wide  by  6  ft.  high.  Length :  15,700  ft.  Character  of  rock  penetrated : 
:es  Peak  granite,  chiefly.  Type  of  power:  Purchased  electric  current, 
itilator:  Purchased  electric  current.  Ventilator:  Pressure  blower.  Size 
T^entilatingpipe:  16and  17ins.  Drills:  3,  pneumatic  hammer.  Mounting 
Irills:  Horizontal  bar.  Number  of  holes  per  round:  24,  usually.  Average 
)th  of  round :  6  to  7  ft.  Number  of  drillers  and  helpers  per  shift :  3  drillers, 
lelpers.  Number  of  drill  shifts  per  day:  3.  Explosive:  40  per  cent,  60 
'  cent,  and  some  100  per  cent  gelatm  dynamite.  Number  of  muckers  per 
ft:  4,  usually.  Number  of  mucking  shifts  per  day:  3.  Tjrpe  of  haulage: 
rses  and  mules.  Wages:  Drillers,  $5;  helpers,  $4;  muckers,  $3.50;  power 
nneer,  $4;  blacksmith,  $5;  helper,  $3.50;  dumpman,  $3.50;  drivers,  inside, 
outside,  $4.  Maximum  progress  in  any  calendar  month:  435  ft.,  portal 
iding,  January,  1909.  Average  monthly  progress:  Portal  heading,  300  ft.; 
lit  headings,  270  ft.;  all  headings,  285  ft. 

Cost  of  Driving  Tunnel 

Total  cost  of  portal  work $111 .980.06 

Contractor's  percentage 11 ,404.88 

Cost  of  shaft  heading 262, 126. 55 

Total  cost  of  tunnel $386,421 .49 

Number  of  feet  driven 14 ,  167 

Average  cost  per  foot $  27 .  27 

Cost  op  Driving  the  Portal  Headinq 

Cost 

Feet  per  foot 
)8— 

P'ebruary  and  March 514  $22. 690 

ipril : 262  30.970 

Vlay 268  26.760 

rune 187  35.010 

fuly 203  29. 600 

August 300  21 .  760 

September 351  19 .  600 

Dctober 287  23. 000 

November 360  21 .  120 

December 334  18.350 

January 435  16.410 

February 290  22.206 

March 340  21 .745 

April 316  21 .266 

May 402  18,762 

Tune  (8  days) •. 62  40.600 
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CoBT  OF  Dbxyzno  Shaft  Hbadxnqs 

Cost 

Feet  per  foot 

October  (2  headings) 49  $105.52 

November  (2  headmgs) 141  44.38 

December  (2  headings) 177  40. 11 

1909— 

January  (2  headings) 261  24.06 

February  (2  headings) 601  23.70 

March  (2  headings) 639  26.256 

AprU  (2  headings) 670  25.02 

May  (2  headings) 552  28. 34 

June  (2  headings) 498  27 .  375 

July  (1  heading) 319  32. 871 

August  (1  heading) 410  27.747 

September  (1  heading) 355  32. 40 

October  (1  heading) 380  28. 178 

November  (1  heamng) 298  34.20 

December  (1  heading) 251  35. 153 

1910— 

January  (1  heading) 282  28. 82 

February  (1  heading) 259  30. 636 

March  (1  heading) 344  27.62 

April  (1  heading) 376  25.313 

May  (1  heading) 393  24.856 

June  (1  heading) 373  26.616 

July  (1  heading) 350  25.247 

August  (1  heading) 872  25.029 

September  (1  heading) 342  28.45 

October  (1  heading) 372  27. 361 

November  (1  hea<ung) 192  27.786 


Typical    Dxbtbibutiom  of  Expsmskb,  Pobtal  Hbadinq,  Jttlt,  1908,  203  Ft 

Cost  per 
foot  of 
tunnel 

Machinery  and  repairs $  0. 61 

Air  drills  and  parts .99 

Picks,  shovels  and  steel 1 .  90 

Ditch  men 1.09 

Explosives 6.90 

Candles 36 

Oil  and  waste .09 

Electric  power 2. 06 

Blacksmith  supplies .09 

General  expense .16 

Liability  insurance .17 

Lumber,  ties  and  wedges .01 

Horses  and  feed .01 

Compressor  men 1 .79 

Drillers  and  helpers. 4.21 

Blacksmiths  ana  helpers 3 .  43 

Muckers  and  drivers 4.11 

Foremen 1 .  60 

Bookkeeper 12 

$29.60 
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TtPICAL  DiSTBIBXmON  OF  EXPXNBBB,  ShAJ?  HbADINO,  FlBSUABT,  1910, 259  Ft. 


» 


Cost  per 

foot  of 

tunnel 

Maintenance  of  buildings,  tenta,  etc $0,096 

Machinery  and  repairs 1 .  168 

Air  drills  and  parts 1 .  930 

Shovels,  picks  and  steel 1 .  930 

Pipe  and  fittings 193 

Ditch  men , .      1 .480 

Explosives 5. 032 

Lamps  and  candles 217 

Oil  and  waste 252 

Electric  power 2.440 

Blacksmith  supplies 150 

Liabilitv.  insurance 213 

General  expense *. 342 

Lumber,  ties  and  wedges 119 

Horses  and  feed 324 

Machine  men  and  helpers 4 .  050 

Muckers 3.066 

Blacksmiths  and  helpers 1 .  362 

Engineers 1 .  300 

Pipe  and  track  men 676 

Drives  and  dump  men 2 .  366 

Foremen 1 .752 

Mine  telephone 008 

Bookkeeper 193 

$30,636 

BTILWBLL  TUNNBL 

Important  Details. — ^Location:  Telluride,  Colo.  Purpose:  Mine  draina^ 
and  development.  Cross  section:  Square,  with  ditch  at  side.  Size:  7  by 
7  ft.  Length:  2,960  ft.  Character  of  rock  penetrated:  Conglomerate  and 
andesite.  Type  of  power:  Purchased  electric  current.  Ventilator:  Fan. 
Size  of  ventilating  pipe:  10  ins.  Drills:  Started  with  electric  drills,  finished 
with  pneumatic  piston  drills,  using  2  in  the  heading.  Mounting  of  drills: 
Vertical  colunms.  Number  of  holes  per  round:  16.  Average  depth  of 
round:  6  to  6H  ft.  Number  of  drillers  and  helpers  per  shift:  2  drillers  and  2 
kielpers.  Number  of  drill  shifts  per  day:  1.  Explosive:  40  per  cent  gelatin 
lynamite.  Number  of  muckers  per  shift:  3.  Number  of  mucking  shifts 
Dcr  day:  1.  Type  of  haulage:  Horses.  Wages:  Drillers,  $4.60;  helpers,  $4; 
nuckers  and  trammers,  $3.60;  blacksmith,  $4.60.^  Maximum  progress  in 
my  calendar  month:  170  ft.,  August,  1904.  Average  monthly  progress: 
50  ft.  (last  10  months.) 

Cost  of  Dbivinq  thb  Tunnbl 

Cost  per 
foot  of 
Feet  tunnel 

901 12  $23.88 

901-2 490  22.98 

902-3 377  27.94 

503-4 702  21.69 

K>4-5 1,077  21.19 

)05.. ;.  292  30.37 

Average  for 2,960  $23.38 

These  costs  include  all  labor,  suppUes,  repairs,  powder,  fuse,  caps,  candles, 
ola,  lubricants,  and  general  expenses,  and  the  total  yalue   Qa  the  electric- 
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drill  plant  with  which  the  tiumel  was  started,  and  the  total  value  of  the  air- 
drill  plant  which  succeeded  it,  together  with  tunnel  buildings,  pipe,  rails,  and 
the  ventilator,  with  no  credit  for  salvage  on  any  of  this  i>ermanent  equipment. 
The  fiscal  year  dated  from  Sept.  30.  The  tunnel  was  driven  in  1901-3  with 
electric  drills,  and  the  high  cost  for  1905:  292  ft.,  $30.37. 

STBAWBEBBT  TUNNEL 

Important  Details. — ^Location:  Utah  and  Wasatch  Counties,  Utah.  Pur- 
pose: Irrigation  and  reclamation.  Cross  section:  Straight  bottom  and  walls, 
with  arched  roof.  Size:  8  ft.  wide  by  9H  ft.^high.  Length:  19,100  ft. 
Character  of  rock  penetrated:  Limestone  with  interbedded  sandstone,  and 
sandstone  with  interbedded  shale.  Type  of  power:  Electric  power  generated 
in  a  hydrauhc  plant  operated  in  connection  with  the  tunnel.  Distance  of 
transmission  from  west  portal  to  power  house  approximately  23  miles. 
Ventilator:  Pressure  blower.  Size  of  ventilating  pipe:  14  ins.  Drills:  Piston 
pneumatic,  usually  2  in  the  heading.  Mounting  of  drills:  Vertical  columns. 
Niunber  of  holes  per  round:  16  to  18.  Number  of  drillers  and  helpers  per 
shift:  2  drillers  and  2  helpers.  Number  of  drill  shifts  per  day:  3.  Explosive: 
40  per  cent  gelatin  dynamite.  Number  of  muclcers  per  shift:  6.  Number  of 
mucking  shifts  per  day:  3.  Type  of  haulage:  Electric  after  first  2,000  ft. 
Wages:  Drillers,  $3.50;  helpers,  $3.25;  muckers,  $2.75;  motormen,  $3.25; 
brakemen,  $2.75;  blacksmiths,  $4;  helpers,  $2.75.  Maximum  progress  in  any 
calendar  month:  500  ft.,  November,  1910.  Average  monthly  progress:  320 
ft.  per  heading. 

Cost  of  Dbivino  the  Tunnel 

Cost  per 
foot  of 
Feet  tunnel 

West  heading — 

Previous  to  1909 1,613  $60.05 

During  1909 3,892  33.68 

During  1910 5,021  30.56 

During  1911 3,491  41.52 

January  to  July,  1912 2,382  36.79 

East  heading,  October,  1911,  to  July,  1912 2 ,  682  33 .  04 

Average  for 19,081  $36.78 

Detailed  Cost  of  Dbxving  the  West  Heading  fob  the  Yeab  1909,  3,892  Ft. 

Coet    per 
foot  of 
tunnel 
Labor — 

Engineering $  0.49 

Superintendence .73 

Shift  bosses 1.22 

Timekeepers .86 

DriUmen  and  helpers 3.15 

Miners  (for  handwork,  trimming,  etc.) .23 

Muckers 2.96 

Track  and  dump  men .74 

Mule  drivers .89 

Motormen  and  brakemen .44 

Electricians  and  blower  men .07 

Disabled  employes .19 

Timbermen .22 

Miscellaneous. -. . . .  .40 

$11.60 
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Cost  per 
foot  of 
tunnel 
Materiftls — 

Powder,  fuse,  caps,  etc. 3  .  08 

Lumber .29 

Oils,  candles,  etc .22 

Ventilating  pipe .64 

Track,  including  ties 68 

Pressure  air  pipe .40 

Drill  repair  parts  (including  hose) .18 

Miscellaneous .19 

$  5.68 
Repairs^ 

Machine  shop  expense  (including  labor  and  supplies) .93 

Blacksmith  snop  expense  (including  labor  and  supplies) 1 .  22 

$2.16 
Power  (all  purposes) 7 .  66 

Depreciation — 

Haulage  equipment .09 

Generiu  equipment , 1.00 

$  1.09 

General  expense * 3 .  96 

Camp  expense 1.21 

Corral  expense .26 

$  6.42 

Total $33. 68 


"  General  expense"  includes  a  proportionate  charge  for  the  expenses  of  the 
'rovo  office,  such  as  salaries,  stationery,  telephone,  and  supphes;  also  a 
roportionate  charge  for  the  expenses  of  the  Washington,  the  Chicago,  and 
le  supervising  engineer's  offices.  The  Provo  office  covers  approximately 
i  per  cent  of  this  charge,  the  Washington  office  23  per  cent,  the  Chicago 
fioe  2  per  cent,  and  the  supervising  engineer's  office  7  per  cent. 


BTAiiiBD  Cost  of  Dbivinq  thb.Wbbt  Hxadinq  fob  thk  Yeah  1910,  6,021  Ft. 

Cost  per 
foot  of 
tunnel 
boi^— 

Bnsineeriiig 0.61 

Superintendence 60 

5hUt  bosses 1 .  25 

rimekeepers 22 

Drillmen  and  helpers 2.  85 

Miners \ 28 

tuckers 2. 93 

i'raok  and  dump  men 71 

1  otormen  and  brakemen 1 .  49 

Ilectricians  and  blower  men 13 

disabled  employes 16 

'imbermen 28 

lisoeilaneous 07 

$11.58 
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Cost  i)er 
foot  of 
tunnel 
Materials — 

Powder,  fuse,  caps,  etc 3. 52 

Lumber 22 

Oils,  candles,  etc 20 

Ventilating  pipe j 66 

Track,  including  ties 74 

Pressure  air  pipe 28 

Drill  repair  parts  (including  hose) 24 

Miscellaneous 07 

$  5.92 
Repairs — 

Machine  shop  expense  (including  labor  and  supplies) 90 

Blacksmith  shop  expense  (including  labor  and  supplies) 1 .  23 

$  2.13 

Power  (all  purposes) 5. 70 

Depreciation — 

Haulage  equipment 20 

General  equipment 1 .  00 

$  1.20 

General  expense 3. 32 

Camp  expense , .63 

Corral  expense 08 

$4.03 

Total $30. 56 

Dbtailbd  Cost  of  Dbiyinq  thb  West  Hsadinq,  fob  thk  Ybab  1911,  3,419  Fr. 

Cost  per 
foot  of 
Labor —  tunnel 

Engineering '. $  0. 45 

Superintendence 82 

Shift  bosses 1.65 

Timekeepers .38 

Drillmen  and  helpers 4. 07 

Miners .37 

Muckers 5. 18 

Track  and  dump  men 2. 00 

Motormen  and  brakemen 1 .  87 

Electricians  and  blowermen '      .08 

Disabled  employes .48 

Timbermen 1. 72 

Miscellaneous .05 

$19.07 
Materials — 

Powder,  fuse,  caps,  etc 2. 61 

Lumber .80 

Oils,  candles,  etc .43 

Ventilating  pipe 77 

Track,  including  ties 1. 52 

Pressure  air  pipe .36 

Drill  repair  parts  (including  hose) .34 

Miscellaneous .25 

$  7.08 
Repairs — 

Machine  shop  expense  (including  labor  and  supplies) 2.16 

Blacksmith  shop  expense  (including  labor  and  supplies) 1. 54 

$  3.70 
Power  (all  purposes) 5. 20 
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CoBt  per 
foot  of 
tunnel 
preciatioii — 

Baulage  equipment 1. 85 

jreneral  equipment .60 

»  $  2. 35 

neral  expense 3. 00 

mp  expense 1.10 

rral  expense .02 

$  4.12 

Total $41.52 


BTAiLisD  Cost  of  Dbiyino  thb  Wsst  Heading,  Januabt  to  July,  1912, 2,382 

Pr. 

Cost  per 
foot  of 
bor —  tunnel 

Engineering $  0. 36 

Superintendence .56 

Sh&t  bosses 1. 08 

Timekeepers 26 

Drillmen  and  helpers 3. 08 

Miners .43 

Muckers r 4. 95 

Track  and  dump  men 1 .  55 

Motormen  and  brakemen 1 .  33 

Electricians  and  blowermen .18 

Disabled  employes .48 

Timbermen 2. 59 

$16. 85 
aterials — 

Powder,  fuse,  cap,  etc 2. 72 

Lumber 2. 13 

Oils,  candles,  etc 32 

Ventilating  pipe 70 

Track,  including  ties 1.51 

Pressure  air  pipe .30 

Drill  repair  parts  (including  hose) .32 

Miscellaneous .39 

$  8.39 

epairs — 

Machine  shop  (including  labor  and  supplies) 1. 39 

Blacksmith  shop  (including  labor  and  supplies) 1. 02 

$  2.41 
Dwer  (all  purposes) 3. 76 

epredation — 

Haulage  equipment 2. 20  • 

General  equipment . . . , .50 

$  2.70 

eneral  expense < . . . .       1 .  90 

amp  expense 79 

$  2.69 
Total $36. 79 
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Dbtailbd  Ck>8T  or  Dbiving  thb  East  Heading,  Octobbb,  1911,  to  July,  1912, 

2,682  Pr. 

Cost  per 
foot  of 
tunnel 
Labor — 

Engineerme $  0. 49 

Superintendence .77 

Shift  bosses ! 1. 36 

Timekeepers .31 

Drillmen  and  helpers 3. 62 

Muckers 4. 03 

Track  and  dump  men 2. 00 

Mule  drivers .89 

Timbermen 1.  80 

Electricians  and  blowermen .30 

Disabled  employes .09 

Miscellaneous .21 

$15.87 
Materials — 

Powder,  fuse,  caps,  etc $  2. 67 

Lumber .93 

Oils,  candles,  etc .36 

Ventilating  pipe .45 

Track,  including  ties .56 

Pressure  air  pipe ,.,         .12 

Drill  repair  parts  (including  hose) .38 

Miscellaneous .21 

$  5.68 
Repairs — 

Machine  shop  expenses  (labor  and  supplies) .62 

Blacksmith  shop  expenses  (labor  and  supplies) .65 

$  1.27 

Power  (all  purposes) $3.21 

Depreciation — 

Haulage  equipment .47 

General  equipment 1 .  02 

1.49 

General  expenses 1 .  86 

Camp  expenses 1 .  35 

Corral  expenses .95 

f  4. 16 

Pumping  (labor  and  material) 1 .  36 

Total $33. 04 

Labor  Costs  of  Constructing  Six  Small  Tunnels  and  Shafts  in  Barth  and 
Rock,  Chicago. — The  tollowing  data  are  abstracted  and  greatly  condensed 
from  the  original  given  by  Myron  B.  Reynolds  in  Engineering  and  Contract- 
ing, July  3,  1912. 

There  were  constructed  during  the  year  1906-7  six  water  pipe  tunnels  for 
the  city  of  Chicago,  three  in  clay  and  three  in  limestone.  During  construo- 
tion  inspectors  were  kept  on  the  work  for  the  full  24  hours.  From  the  inspec- 
tors' reports  which  classified  the  different  labor  the  costs  given  further  on  have 
been  compiled.  These  costs  are  believed  to  be  fairly  accurate  for  the  actual 
labor  on  the  work.  No  costs  are  given  for  materials,  office  expenses,  interest 
or  depreciation,  or  for  capital  put  into  plant  or  into  financing  the  work.  No 
costs  of  teams  or  scows  or  other  charges  for  the  disposal  of  spoil  are  induded 
other  than  the  actual  labor  required  to  remove  it  out  of  the  way  of  the  work 
or  say  within  a  radius  of  200  ft.  from  the  shafts.    In  the  rock  tunnels  the  stone 
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excavated  was  crushed  and  removed  for  use  in  the  concrete  and  no  cost  of  this 
is  given.  It  is  doubtful  whether  any  money  can  be  saved  by  so  using  the 
excavated  stone  unless  the  worlc  is  so  large  that  a  plant  for  screening  can  be 
installed. 

The  data  common  to  all  tunnels  were  as  follows: 

Inside  diaitaeter  all  shafts 10     ft. 

Outside  diameter  of  shafts  in  earth 12     ft. 

Outside  diameter  of  Ashland  Ave.  shaft  in  rock ...  10     ft.  8  ins. 

Outside  diameter  of  other  shafts  in  rook 12     ft. 

Inside  dimensions  of  esg-shaped  tunnels ...  7  ft.  X  8      ft.  2  ins. 

Concrete  lining  AshlanoAve.  tunnel. 4      ins. 

Concrete  Uning  all  other  timnels. 12     ins. 

Excavation  per  foot  depth  shafts  in  earth 4.2   cu.  yds.  ~ 

Excavation  per  foot  depth  shafts  in  rock 4.2   cu.  yds. 

Excavation  per  foot  Ashland  Ave.  shaft  in  rook. .  3.33  cu.  yds. 

Excavation  per  foot  Ashland  Ave.  Tunnel 2  cu.  yds. 

Excavation  per  foot  all  other  tunnels 2.8   cu.  yds. 

Lining  per  foot  Ashland  Ave.,  shaft  in  rock 0.42  cu.  yd. 

lining  per  foot  all  other  shafts 1.3   cu.  yds. 

Lining  per  foot  Ashland  Ave.  tunnel 0.31  cu.  yd. 

Lining  per  foot  all  other  tunnels 1.1    ou.  yds. 

ASHLAND  AVE.  WATBR  PIPE  TUNNEL 

The  shafts  of  this  tunnel  were  through  clay  and  solid  rock,  and  the  tunnel 
was  entirely  in  rock  requiring  no  timbering.  The  shafts  in  earth  were  exca- 
vated and  lined  with  concrete  and  the  shafts  in  rock  and  tunnel  were  exca- 
vated complete  before  concreting  was  begun. 

The  work  was  started  under  one  foreman  but  he  was  soon  discharged  and 
the  work  placed  in  charge  of  a  first-class  man,  who,  as  is  shown  by  the  table 
of  excavation  cost,  reduced  the  cost  per  foot. 

An  average  of  eighteen  holes  were  drilled,  six  cut,  four  helpers  and  eight 
rim  holes.  The  cut  holes  were  finished  with  a  6-ft.  steel  and  the  other  holes 
with  a  5M-ft.  steel.  A  round  comprised  generally  three  shots,  the  cut  first. 
The  guns  left  from  the  cut  were  reloaded  and  again  fired  together  with  the 
helpers  and  side  rim  holes.  The  top  and  bottom  holes  were  fired  last.  About 
5  ft.  were  broken  down  per  round. 

For  the  purpose  of  ballast  for  track  from  2  to  3  ft.  of  muck  was  left  in  the 
bottom,  and  upon  removing  was  found  to  be  very  expensive,  being  very 
compact  on  account  of  trampling,  water  and  blasting.  Men  would  not  work 
very  hard  at  it  with  a  pick  because  occasionally  they  would  find  a  quarter  of  a 
stick  of  dynamite  or  live  cap. 

The  cost  of  the  different  classes  of  work  in  the  construction  of  the  Ashland 

Ave.  tunnel  are  based  upon  the  following  rates  of  wages. 

Per  shift 

Foreman $8. 00 

Assistant  foreman $6. 00-$6. 00 

Miners 13. 75 

Miner's  helpers 3. 00 

Laborers,  top 2.  75 

Laborers,  bottom 2. 75 

Engineers 4. 80 

Firemen 2. 40 

Carpenters 4. 20 

Blacksmiths ' 4.  80 

Blacksmith's  helper 3. 00 

Teams  and  drivers 5. 60 

Timekeeper 2.  60 

Watchman 2. 60 

81 
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The  above  rates  of  wage  are  also  applicable  to  the  other  tunnels  described  in 
this  article. 

Preliminary  and  General  Work. — The  cost  of  unloading  coal,  sand,  cement, 
etc.,  from  cars;  clearing  shaft  and  tiumel;  sharpening  and  maintaining  tools, 
placing  ladders  and  general  work;  was  $5,479.35  divided  as  follows. 

Cost  per  ft.  charged  to  shaft $5. 20 

Cost  per  ft.  charge  to  tunnel 2 .  60 

Installing  Plant. — The  cost  of  installing  plant  was:  South  Shaft — $724.50; 
North  Shaft — $290.90,  divided  as  follows: 

Cost  per  ft.  charged  to  shaft $  1 .  00 

Cost  per  ft.  charged  to  tunnel .50 

Shaft  Sinking  in  Earth. — The  character  of  ground  encountered  in  the  South 
Shaft  was:  1.5  ft.  macadam;  14.9  ft.  fill;  12.1  ft.  blue  clay;  7.5  ft.  hard  day; 
16.7  ft.  hardpan  and  boulders:  Total  52.7  ft.  Powder  was  used  for  lower  half. 
On  the  North  Shaft  (60.6  ft.  deep;  powder  was  used  for  the  bottom  40  ft. 
The  following  costs  include  lagging  up  the  sides  and  placing  iron  rings. 

South  shaft    North  shaft 

Total $550. 95  $496. 00 

Perlin.  ft 10.45  8.20 

Percu.  yd 2.45  1.95 

Shaft  Sinking  in  Rock. — The  time  distribution  was:  Setting  up,  5%;  drill- 
ing, 44  % ;  shooting,  24  % ;  mucking  27  % .     The  costs  follow. 

Total— South  shaft $  809: 75 

North  shaft 1422. 50 

Perlin.  ft... 44.50 

Per  cu.  yd 13. 30 

Excavation  of  Tunnel. — ^As  noted  before  the  change  in  foreman  had  a  marked 
eflfect  on  the  cost.     This  Is  shown  clearly  in  the  following  unit  costs 

-South  end North  end- 


Foreman  Foreman    Foreman  Foreman 
No.  1         No.  2         No.  1         No.  2 

PerUn.ft $17.20    $12.40    $27.00     $10.80 

Percu.  yd 8.10  6.20         13.50  4.40 

Length  excavated,  ft 340.5         596.5  61.5         669. 

The  average  unit  costs  for  the  total  length  were  $13.30  per  Un.  ft.  or  $6.65 
per  cu.  yd. 

Trimming  and  Mttcking  Bottom. — The  mucking  consisted  of  400  cu.  yds.  of 
rock  which  had  been  left  for  ballast.  The  unit  cost  of  trimming  and  mucking 
bottom  was  $5.00  per  lin.  ft. 

Lining  Shafts  and  Tunnel. — The  following  are  the  unit  labor  costs  for  lining 
shafts  and  tunnel.  The  costs  for  concreting  the  shafts  in  rock  are  high  due 
to  the  fact  that  the  shafts  were  excavated  larger  than  called  for  in  the  specifica- 
tions, thus  necessitating  about  3  times  as  much  concrete  as  should  have  been 
used. 
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Unit  Labor  Costa  of  Lining  Shafts  and  Tunnel. — 

Lining  Shafts 

South  shaft  North  shaft 
In  earth — 

Depth,  ft 60  68 

Cost  per  lin.  ft $6. 30  $6. 40 

Cost  per  cu.  yd 4.10  4.13 

Bailing  and  removing  forms — 

Cost  per  lin.  ft 1.65  2.36 

Cost  per  cu.  ft 1. 27  1.  81 

Total  cost  per  cu.  yd 6. 37  5. 94 

In  rock — 

Cost  per  Hn.  ft 7.60  7.00 

Cost  per  cu.  yd 5. 90  6. 86 

CoNCBBTINa   AND   PlABTKBINO  TunNSL 

Concreting — per  lin.  ft $2. 86 

per  cu.  yd 5.  70 

Plastering — per  lin.  ft 0. 18 

DBAINAGB  CANAL  TUNNBL  AT  WB8TBBN  AVE. 

This  tunnel  was  similar  in  section  to  the  Ashland  Ave.  Tunnel  except  that 
the  lining  of  the. tunnel  was  12  ins.  instead  of  4  ins.  of  concrete.  A  great 
amount  of  water  was  encountered  in  driving  the  shafts  and  tunnel.  The  speci- 
fications required  the  lining  to  be  water-tight.  To  accomplish  this  end  a 
large  number  of  1-in.  pipe  weepers  were  inserted  as  the  lining  progressed, 
to  which  afterward  was  to  be  attached  a  hose  to  i>ermit  grout  to  be  pumped 
in  behind  the  lining.  The  grout  passed  out  into  crevices  in  the  rock  and  the 
scheme  was  abandoned.  Plastering  was  of  no  avail.  An  average  of  10  ft. 
per  24  hours  was  maintained  in  the  driving  of  this  tunnel,  and  3  to  4  ft.  in  the 
shafts  in  rock. 

This  work  was  prosecuted  under  the  direction  of  a  competent  foreman.  An 
average  of  18  holes  were  drilled  and  shot  in  the  same  maimer  as  in  the  Ashland 
Ave.  Timnel. 

The  cost  of  the  different  classes  of  work  in  the  construction  of  the  Drainage 
Canal  Tunnel  follow. 

Cost  of  Preliminary  and  General  Work. — This  Included:  erecting  headframe; 
setting  engine  and  compressor;  fitting  up  pump;  building  engine  house; 
overhauling  plant ;  installing  cage  and  track;  placing  ladders  in  shafts;  grout- 
ing tunnel;  etc.  The  total  cost  was  $2,524.10  which  is  charged  to  shafts  and 
tunnel  in  the  following  proportions:  cost  per  ft.  shaft  $6.60;  cost  per  ft.  tunnel 
$3.30. 

Shaft  Excavation  in  EaHh. — South  Shaft  12  ft.  clay,  dry;  10  ft.  stiff  blue 
day,  wet;  22  ft.  hardpan;  19.5  ft.  hardpan  and  boulders,  wet.  North  Shaft 
17  ft.  clay  fill;  23  ft.  medium  blue  clay;  10  ft.  hardpan  and  boulders. 

South  shaft      North  shaft 

Total  cost $837. 30  $943. 90 

Depth,  ft 63. 5  60. 4 

Cost  per  lin.  ft 13.20  15.66 

Cost  per  cu.  yd 3. 15  3.  70 

Shaft  ExcavcUion  in  Rock 

South  shaft      North  shaft 

Total  cost $744.30  $1,367.95 

Progress,  ft 26  37.  6 

Cost  per  Un   ft 28.  80  36.  60 

Cost  per  cu.  yd 6.80  6.70 


1284         HANDBOOK  OP  CONSTRUCTION  COST 

Turtnel  Excavation,  Drainage  Canal  Tunnel 

Three  8-hr.  Two  10-hr. 

shifts  per  day  shifts  per  day 

Total  cost $1,495.46  $2,980.40 

Cost  per  ft 14.50  10.20 

Cost  per  cu.  yd 6. 20  3.  66 

Total  per  cu.  yd 6.75  4.20 

lin.  ft 103.2  292 

Trimming  and  Mttcking,  Drainage  Canal  Tunnel 

Working  two  lO-hp. 
shifts  per  day 

Total  cost $697.  20 

Cost  per  ft 1. 60 

Cost  per  cu.  yd 0.  66 

lin.  ft 396 

Concreting  Shafts  in  Earth,  Drainage  Canal  Tunnel 

South  shaft  North  shaft 

Total  cost $296.  50  $232. 40 

Progress,  ft 60  67 

Cost  per  ft 4.95  4.10 

Cost  per  cu.  yd 3.  80  3. 16 

Removing  Shaft  Forme  in  Earth,  Drainage  Canal  Tunnel 

South  shaft  North  shaft 

Total  cost $81.80  $157.40 

Cost  per  ft 1.36  •2.80 

Cost  per  cu.  yd 1. 05  2. 10 

Cost  of  concreting  and  removing  forms  per  ou.  yd . . .           4.  86  6. 25 
•  Forms  under  water  60  days. 

Concreting  Shafts  in  Rock,  Drainage  Canal  TunnA 

South  shaft        North  shaft 

Total  cost $296. 40  $276. 95 

Cost  per  ft 7. 90  7. 10 

Cost  per  cu.  yd 5. 30  6. 20 

Depth,  ft 37.  6  /  26  shaft 

\  13  tunnel 

Removing  Forms,  Shafts  in  Rock,  Drainage  Canal  Tunnel 

Total  cost $40. 85 

Progress,  ft /  63.  6  shaft 

\  13      tunnel 

Cost  per  lin.  ft $  0. 65 

Cost  per  cu.  yd 0.16 

Total  cost  of  concreting  and  removing  forms  per  cu.  yd.;  North  Shaft,  $5.46; 
South  Shaft,  $5.35 

Concreting  Tunnel,  Drainage  Canal  Tunnel 

Total  cost $1,536.96 

Cost  per  ft 4. 00 

Cost  per  cu.  yd 3.  66 

Length  ft 382 

WUTBBN  AYE.  TUNNSL  UNDSB  THE  WEST  rORK  OF  THE  SOUTH  BRANCH  OW  THE 

CHICAGO  BIVEB 

This  tunnel  was  similar  in  all  respects  to  the  tunnel  under  the  Drainage 
Canal.  The  first  10  or  16  ft.  of  the  north  shaft  in  rock  had  to  be  timbered, 
the  rock  being  of  such  loose  character. 

On  account  of  a  change  in  alignment  160  ft.  of  the  bottom  varying  in  depth 
from  0  to  3  ft.  had  to  be  removed  in  order  to  obtain  the  proper  grade.  The 
charge  of  this  should  not  be  made  directly  to  the  timnel  excavation.  The 
method  of  blasting  Mras  the  same  as  in  the  Ashland  Ave.  Tunnel,  the  work 
being  done  under  the  supervision  of  the  same  foreman. 
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The  costs  of  the  different  classes  of  work  in  the  construction  of  the  West 
Fork  Tunnel  follow. 

Coat  of  Preliminary  and  General  Work,  West  Fork  Tunnel 

This  includes  erecting  head  frame,  setting  machinery,  building  engine  house, 
installing  cage  and  track,  etc. 

Total  cost ,, ^  $3, 146. 35 

Cost  per  ft.  charged  to  shaft 11. 00 

Cost  per  ft.  charged  to  tunnel 5.  50 

Excavation,  Shafts  in  Earth,  West  Fork  Tunnel 

South  shaft      North  shaft 

Total  cost $358. 00  $186. 20 

Depth,  ft 37  21 

Cost  per  ft 9.  70  8. 90 

Cost  per  cu.  yd .' 2. 30  2. 10 

Ground— South  Shaft:  5  ft.  fill;  11  ft.  blue  clay;  16  ft.  hard  dry  clay;  5  ft. 
hardpan  and  boulders.  North  Shaft;  6  ft.  fill;  10  ft.  medium  clay;  5  ft.  hardpan 
and  boulders. 

Shaft  Excavation  in  Rock,  West  Fork  Tunnel 

South  shaft         North  shaft 

Total  cost $439.05  $1,444.66 

Depth,  ft 19  46 

Cost  per  ft 23. 00  31. 50 

Cost  per  cu.  yd 6. 50  7. 60 

Tunnel  Excavation,  West  Fork  Tunnel 

Total  cost $5.495. 95 

Length,  ft 360. 00 

Cost  per  ft 15.  66 

Cost  per  cu.  yd 6. 60 

ExcavoHno  Bottom,  150  ft.  X  2  /(.  Deep 

Total  cost $  841.  65 

Cost  per  ft 5.  60 

Cost  per  cu.  yd 2. 50 

Trimming  Tunnel 

Total  cost $     103. 00 

Cost  per  lin.  ft 0. 30 

Concreting  Shafts  in  Earth,  West  Fork  Tunnel 

South  shaft      North  shaft 

Total  cost $244.40  $117.80 

Depth,  ft ^ 35  19 

Cost  per  ft 7.00  6.15 

Cost  per  cu.  yd 5.40  4.70 

Concreting  Shafts  in  Rock,  West  Fork  Tunnel 

South  shaft      North  shaft 

Total  cost $237.  60  $393. 06 

Depth,  ft 19  46 

Cost  per  ft 12.50  8.66 

Cost  per  cu.  yd 9.60  6.00 

Concreting  Tunnel,  West  Fork  Tunnel 

Total  cost $1 ,670. 20 

Length,  ft 326 

Cost  per  ft 5.15 

Cost  per  cu.  yd 4.  70 

INDIANA  BT.  WATEB  PIPS  TX7NNBL 

This  tunnel  was  constructed  under  favorable  circumstances  to  its  comple- 
tion. But  little  water  (bailing  only  was  necessary  at  times)  was  encountered, 
and  in  only  two  places  was  it'  necessary  to  hold  up  the  roof  by  timbering. 
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When  the  full  shift  was  at  work  16  ft.  were  mined  and  concreted  during  the 
three  8-hoiir  shifts.  Mining  was  carried  on  from  12  o'dodc  midnight  until 
3  o'clock  P.  M.,  and  on  the  3-11  shift  the  concrete  linning  was  placed. 

It  was  first  attempted  to  use  40  per  cent  dynamite  to  loosen  up  the  day.  but 
following  the  first  shot  a  lump  of  clay  fell  on  the  leg  of  one  man  and  broke  H, 
after  which  the  ground  was  grubbed  out.  The  bottom  half  was  hard  day 
and  hardpan  and  the  top  half  was  medium  day. 

In  the  shafts  with  four  miners  per  shift  working  10  ft.  were  excavated  per 
24  hours.  About  4H  cu.  yds  were  averaged  per  8  hours  for  each  man  digging 
in  both  the  shafts. 

In  concreting  the  shafts  the  sted  rings  holding  the  lagging  were  removed 
from  the  shaft  and  the  lagging  taken  away  from  the  excavation  and  placed 
against  centers  for  forms.  A  platform  was  made  to  fit  over  the  forms  and 
upon  it  the  concrete  was  dumped  and  then  shovded  into  place  and  tamped. 

In  concreting  the  tunnel  the  bottom  was  first  placed  and  graded  to  templet. 
A  board  floor  was  then  laid  over  this  concrete,  the  centers  placed  and  the  lag- 
ging set  in  as  the  concrete  came  up. 

The  concrete  was  hand  mixed  on  a  platform  at  the  top  of  the  shaft,  loaded 
into  cars  and  let  down  on  a  cage  into  the  tunnel. 

The  costs  in  the  different  classes  of  the  work  in  the  construction  of  the  In- 
diana Street  Tunnel  follow. 

Preliminary  and  General  Work,  Indiana  Street  Tunnel 

Total  cost $1 ,  186. 35 

Cost  to  be  charged  to  shaft  per  ft 3. 60 

Cost  to  be  charged  to  tunnel  per  ft 1.80 

Shaft  Excavation,  Indiana  Street  Tunnel 

East  shaft        West  shaft 

Total  cost $1,004.30  $775.00 

Depth,  ft 92  73 

Cost  per  ft 10.90  10.60 

Cost  per  cu.  yd 2.60  2.60 

Tunnel  Excavation,  Indiana  Street  Tunnel 

Total  cost. $2,080.85 

Progress,  ft 335 

Cost  per  ft 6. 25 

Cost  per  cu.  yd •      2. 26 

Excavation  ^as  half  medium  and  half  hard  clay. 

Concreting  Shafts,  Indiana  Street  Tunnel 

East  shaft        West  shaft 

Total  cost $444. 60  $365.90 

Lin.  ft 90  71 

Cost  per  ft 4.96  6.16 

Cost  i>er  cu.  yd 3. 80  3. 96 

Concreting  Tunnel,  Indiana  Street  Tunnel 

'  Total  cost $1,166.40 

Lin.  ft 335 

Cost  per  ft $        3. 55 

Cost  per  cu.  yd 2 .  26 

ILLINOIS  AND  MICHIGAN  CANAL  TUNNEL  AT  WBBTBBN  AVE. 

This  tunnel  was  constructed  by  the  same  firm  and  under  the  supervision 
of  the  same  foreman  as  was  the  Indiana  tunnd.  Powder  was  used  in  excava- 
ting this  tunnel,  but  the  day  was  too  springy  for  good  results. 

Some  bad  cement  was  delivered  and  used  before  testing  which  did  not 
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set  up.  As  A  ccMOsequeooe,  60  ft.  of  the  tunnel  lining  had  to  be  removed  and 
replaced. 

The  north  shaft  of  this  tunnel  was  excavated  and  lined  by  using  a  windlass 
for  raising  and  lowering.  It  appeared  as  cheap  as  though  a  hoisting  engine 
had  been  used,  but  the  time  was  much  longer. 

The  costs  of  the  difiFerent  classes  of  work  in  the  construction  of  the  Illinois 
and  Michigan  canal  tunnel  follow. 

Co»t  of  Tunnel   Work,  lUinoia  and  Michigan  Canal  Tunnel 

Total  cost $1 ,  138. 40 

Cost  per  ft.  to  be  charged  to  shaft 4 .  80 

Cost  per  ft.  to  be  charged  to  tunnel 2. 40 

Cost  of  Excavating  Shafts,  lUinoia  and  Michigan  Canal 

North  shaft    South  shaft 

Total  cost $672. 60  $830 .  10 

Progress,  ft 68  58 

CJoetperft 11.60  14.30 

Cost  per  cu.  yd 2. 75  3. 25 

Coat  of  Excavating  Tunnel,  lUinois  and  Michigan  Tunnel 

Total  cost $1,571.30 

Progress,  ft 226 

Cost  per  ft 7. 00 

Cost  per  cu.  yd 2.  60 

Excavation  was  nard^lay.    Powder  was  used. 

X^oat  of  Concreting  Shafte,  Illinois  and  Michigan  Tunne 

North  shaft      South  shaft 

Total  cost $332. 30  $365. 90 

Progress,  ft 55  58 

Cost  per  ft 6. 05  6.  30 

Cost  per  cu.  yd 4.  65  4. 85 

Cost  of  Concreting  Tunnel,  Illinois  and  Michigan  Tunnel 

Replacing  con- 
Concreting      demned  lining 

Total  cost $793. 00  $263. 40 

Progress,  ft 225  60 

Cost  per  ft 3.  60  4. 40 

Cost  per  cu.  yd 3.20  4.00 

DtVBBSBT  BOULEVABD  TUNNBL 

This  tunnel  and  shafts  were  shown  on  the  plans  to  have  the  same  cross 
section  as  the  other  water  pipe  tunnels  in  clay.  The  borings  indicated,  how- 
ever, that  quiclcsand  would  be  encountered  in  the  sinldng  of  both  shafts  and 
that  the  tunnel  would  be  in  solid  rock.  Acting  on  this  the  contractor  elected 
to  use  8  X  8  ft.  octagonal  bracing  instead  of  the  usual  circular  iron  rings. 
This  necessitated  placing  a  much  larger  amount  of  concrete  in  the  shaft 
lining  than  was  actually  called  for  in  the  specification. 

Upon  excavating  the  shafts  to  about  half  their  depth  the  method  of  holding 
up  the  excavation  was  changed  from  timbering  to  the  use  of  a  steel  shield, 
which  was  let  down  in  sections  and  jacked  into  place  as  the  excavating  pro- 
gressed. Water  in  large  amounts  was  encountered,  a  large  Nye  pump  being 
used  in  both  shafts  all  the  time. 

When  the  elevation  was  reached  for  the  tunnel  grade  no  rock  other  than 
large  boulders  was  found,  and  a  boring  10  ft.  deeper  did  i;ot  discover  rock. 
It  was  presumed  that  in  the  original  borings  large  boulders  had  been  struck 
and  mistaken  for  solid  rock.    The  tunnel  was  driven  through  water  bearing 
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sand  and  gravel  on  top  and  hard  clay  on  the  bottom  from  the  east  shaft  and 
through  hard  clay  from  the  west  shait. 

When  the  eye  in  the  west  shaft  was  cut  for  the  tunnel  the  ground  fell  into 
the  shaft  and  the  surface  of  the  ground  at  the  top  of  the  shaft  sunk  10  ft., 
tipping  over  the  hoisting  engine  and  compressor. 

No  timbering  wa^  necessary  to  hold  the  ground  in  the  tunnel  from  the  west 
shaft,  but  the  tunnel  sides,  roof  and  face  from  the  east  shaft  had  to  be  sheeted 
tight. 

In  the  tunnel  from  the  east  shaft  one  miner  worked  with  two  muckers  each 
shift.  The  miner  on  one  shift  was  an  Assyrian  with  experience  in  this  class 
of  work.  The  tunnel  was  excavated  and  lined  in  4  ft.  sections.  The  excava- 
tion was  started  at  the  crown,  and  by  removing  the  upper  half  the  center  verti- 
cal plank,  which  had  been  previously  placed  to  hold  up  the  face,  the  wet  sand 
and  gravel  could  be  removed  by  hand  until  there  was  room  to  place  the  crown 
plank  and  place  a  post  under  it.  This  method  was  continued  down  each  side 
in  turn  until  the  springing  lines  were  reached,  at  which  point  ground  was 
reached  which  would  stand  up.  The  timbering,  except  the  posts,  was  left  in 
and  the  concrete  lining  placed.  The  posts  were  removed  as  reached  by  the 
concrete. 

The  costs  of  the  different  classes  of  work  in  the  construction  of  the  Diversey 
Blvd.  timnel  follow. 

Coat  of  General  Work,  Diversey  Blvd.  Tunnel 

Total  cost S2, 820.  50 

Cost  per  ft.  to  be  charged  to  shaft 7. 80 

Cost  per  ft.  to  be  charged  to  timnel 3. 90 

Coat  of  Shaft  Excavation  Diversey  Blvd.  Tunnel,  East  Shaft 

— Excavating Timbering —   Placing  shield 

Total  cost $1 ,074.  50  $406.  50  $174.  50 

Progress,  ft 65.8  

Depth  of  timbering,  ft 50  

Depth  of  shield,  ft 16 

Cost  per  ft 16.  30  8. 10  10. 90 

Cost  per  cu.  yd 3. 05  

Co8t  of  Shaft  Excavation,  Diversey  Blvd.  Tunnel,  West  Shaft 

— Excavating Timbering —   Placing  shield 

Total  cost $1,122.50  $482.75  $211.00 

Progress,  ft 71  

Depth  of  timbering,  ft 36               

Depth  of  shield,  ft 36 

Cost  per  ft 15. 80  13. 75  6. 85 

Cost  per  cu.  yd 2. 80  

Coat  of  Excavating  Tunnel,  Diversey  Blvd.  Tunnel 

From  From 

East  shaft       West  'shaft 

Total  cost $2  ,747.00  $1,190.00 

Progress,  ft 328  122 

Cost  per  ft 8.40  9.75 

Cost  per  cu.  yd 3.00  3.50 

Cost  of  Concreting  S?uifts,    Diversey  Blvd.  Tunnel 

From  From 

East  shaft    West  shaft 

Total  cost $718.00  $486. 50 

Progress,  ft : 62  69 

Cost  per  ft 11.60  7.05 

Cost  per  cu.  yd 4.00  4.70 
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Co$l  of  Conerttxng  Tunnel 

Prom 
East  shaft 

Total  cost $695. 00 

Cost  per  ft 2. 10 

Cost  per  ou.  yd 3. 10 

Progress,  ft 328 


Prom 

West  shaft 

$309.50 

2.50 

3.30 

122 


Tables  I  to  III  grive  a  summary  of  the  foregoing  costs. 


Table  I. — Summabt  of 


Unit  Costs  o»  Shafts  and 
Sinking  and  driving 
only 


Cost  per  Cost  per 

ou.  yd.  lin,  ft. 

Ashland  Avenue  tunnel — 

Shaft  in  clay $2.20  $9.35 

Shaft  in  rock 10.70  35.75 

Tunnel  in  rock 6.  65  13. 30 

Drainage  Canal  tunnel — 

Shaft  in  clay 3. 40  14. 40 

Shaft  in  rock 7.75  32.65 

Tunnel  in  rock 6. 00  13. 85 

West  Fork  tunnel — 

Shaft  in  clay 2. 20  9. 30 

Shaft  in  rock 6.  50  27. 25 

Tunnel  in  rock 5.  60  16. 00 

Indiana  Street  tunnel — 

Shaft  in  clay 2.55  10.75 

Tunnel  in  clay 2.  25  6. 25 

Illinois  A  Michigan  Canal  tunnel — 

Shaft  in  clay 3. 00  12. 45 

Tunnel  in  clay 2.  50  7. 00 

Diversey  Boulevard  tunnel — 

Shaft  in  clay 4. 85  25. 25 

Tunnel  in  clay 3. 15  9. 10 


Tunnel  Excavation 
Preliminary  and  over- 
head charges  added 
Total  cost  Total  cost 
per  cu.        per  lin. 
yd.  ft. 


$  3.10 

12.30 

7.75 

4.50 
9.05 
5.85 

4.05 
8.35 
7.20 

3.15 
2.65 

3.80 
3.10 

6.35 
4.20 


$12.85 
40.85 
15.50 

18.80 
37.90 
16.40 

17.00 
34.95 
20.10 

13.15 
7.45 

15.80 
8.80 

31.45 
11.70 


Table  II. — SummXbt  op  Unit  Costs  op  Shafts  an©  Tunnels — Concbbte 

Linings 


Ashland  Avenue  tunnel — 

Shaft  in  clav 

Shaft  in  rock 

Tunnel  in  rock 

Drainage  Canal  tunnel — 

Shaft  in  clav 

Shaft  in  rock 

Tunnel  in  rock 

West  Fork  tunnel — 

Shaft  in  clay 

Shaft  in  rock 

Tunnel  in  rook 

Indiana  Street  tunnel — 

Shaft  in  clav 

Tunnel  in  clay 

Illinois  &  Michigan  Canal  tunnel- 
Shaft  in  clav 

Tiinnel  in  clay 

Diversey  Boulevard  tunnel — 

Shaft  in  clav 

Tunnel  in  clay 


Cost  of  placing  lin- 

^ing  only 

Cost  per      Cost  per 
cu,  yd.            ft. 

Miscellaneous  work 

added 

Cost  per      Cost  per 
cu.  yd.            ft. 

$  5.65 
6.40 
5.70 

$  7.35 
7.00 
3.05 

$  7.75 
6.60 
5.50 

$10. 05 
8.10 
3.95 

6.06 
5.40 
3.65 

6.60 
8.15 
4.00 

6.75 
7.30 
4.30 

8.80 
9.50 
4.75 

5.05 
7.80 
4.70 

6.65 

10.50 

5.15 

7.60 
6.70 
6.00 

9.85 

14.35 

6.55 

3.90 
3.25 

5.05 
3.55 

4.80 
3.80 

6.25 
4.15 

4.75 
3.20 

6.20 
3.50 

6.00 
3.70 

7.80 
4.10 

4.50 
3.20 

9.20 
2.30 

6.00 
3.70 

10.80 
3.60 
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Aahland  Avenue  I 


PIkDt  SI 

Granc 
DivBreey  : 


20.  SS 
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Tunnel*       Tun 


Com  of  Timnal  far  the  TallnUh  Filts   Hrdro- Electric  Di 

GeotgU.— Charlefl  G.  Adstl  and  Eugene  LaucMi  give  Ihe  following 
Engineering  and  Conuecting.  Ma;  6,  1B14. 


Fio.  2. — Seetion  of  tunnel.  Tsllul&b  EUls  development. 
The  tunnel  e.ees  It.  long  and  of  dlmen^ons  Indicated  In  Fig.  2  WM  drlm 
to  convey  water  from  the  diverting  dam  to  a  forebaj  or  aurge  reservoir. 

The  tuDite)  was  driven  on  a  2  In  l  .000  grade,  eloping  from  tbe  intake  dowB 

'•)  the  (orebay.  through  a  grey  bluelsh  granite,  dipping  downstream  at  an 

;le  Of  22°,  wlcb  occaelonal  mud  seama.    The  ground  stood  well  graurallir. 

only  6  per  cent  of  the  tunnel  length  required  Umbering  during  oonitructioi. 
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For  the  purpose  of  expediting  the  work,  it  was  found  desirable  to  driye  the 
tunnel  from  the  intake  and  forebay  ends,  as  well  as  from  two  adits  7  ft.  high, 
13  ft.  wide,  105  and  217  ft.  long,  respectively,  (adits  No.  1  and  2)  driven  on  a 
1  per  cent  grade.  Before  starting  work  at  the  intake  end,  4.000  cu.  yds.  of 
material,  mostly  rock,  had  to  be  excavated.  At  the  forebay,  consisting  of  a 
shaft  35  ft.  wide,  75  ft.  long  and  70  ft.  deep,  some  10,800  cu.  yds.  of  rock  had 
to  be  excavated.  Later  on,  adit  No.  3, 150  ft.  long,  was  provided  and  an  8  X 
10-ft.  shaft,  112  fi.  deep,  was  simk  between  the  intake  portal  and  adit  No.  1. 

The  work  under  consideration  involved  the  following  quantities: 

Cu.  ydfl. 

Adit  excavation * 1 ,  260 

Main  tunnel: 

Heading 23,330 

Bench 29,650 

Concrete  fining  within  specified  fines •.   15, 430 

Concrete  lining  beyond  specified  fines 3 ,  540 

Seventy-five  per  cent  of  the  tunnel  length  was  driven  with  a  top  heading  and 
bench,  and  the  balance  with  a  bottom  heading,  the  overlying  material  being 
stoped  down  on  the  heading  floor.  Attention  is  called  here  to  the  fact  that, 
owing  to  the  relatively  small  section  of  the  tunnel,  heading  excavation  repre- 
sented about  49  per  cent  of  the  total  excavation. 

Power  Plant  and  Equipment. — The  contractor,  the  Northern  Contracting 
Co.,  built  a  temporary  power  plant  housing  two  500-HP.  S.  Morgan  Smith 
hydrauUc  Francis  turbines,  operating  under  an  average  head  of  48  ft.  and 
driving  two  Laidlaw  Dunn  Gordon  air  compressors,  each  having  a  capacity 
of  2,500  cu.  ft.  of  free  air  per  minute,  110  lbs.  pressure.  A  wooden  dam,  10 
ft.  high  and  60  ft.  long,  was  thrown  across  the  Tallulah  River,  at  Lador  Falls, 
and  a  7.5-ft.  steel  penstock  80  ft.  long  served  to  convey  water  from  a  masonry 
intake  located  at  one  end  of  the  dam  to  the  turbines.  A  3-ft.  diameter  steel 
penstock  also  diverted  water  from  the  intake  to  125-HP.  Francis  turbine 
driving  a  50-KW.  generator  used  for  lighting  purposes. 

The  tunnel  sub-contractor,  Condon,  Graham  &  Millner  of  KnoxviUe,  Tenn., 
was  furnished,  free  of  charge,  with  4,000  cu.  ft.  of  air  per  minute  and  also  with 
electric  current.  Owing  to  low  water  conditions,  in  1912,  it  was  found  neces- 
sary to  increase  the  capacity  of  the  air  plant,  and  a  steam-driven  Sullivan 
straight  line  air  compressor,  with  a  capacity  of  1,875  cu.  ft.  of  free  air  per  min- 
ute, and  two  200-HP.  Scotch  Marine  type  boilers  were  installed  near  to  the 
forebay  and  connected  with  the  main  air  line,  consisting  of  10,  8  and  6-in. 
wrought  iron  pipe,  partly  laid  along  the  T;  F.  Ry.  track. 

Piston  drills  were  used  first,  but  owing  to  the  hardness  of  the  rock  and  its 
abrasive  properties,  nepessitating  much  sharpening,  thus  being  a  serious  hind- 
rance to  progress,  Leyner  water  core  air  drills  No.  7.  were  adopted,  and  their 
use  inmiediately  caused  a  general  improvement  in  progress.  With  piston 
drills,  starting  holes  was  found  a  chief  dlfiQculty  to  overcome,  and  drilling  of 
dry  holes  gave  little  satisfaction. 

No.  2  Leyner  bit  sharpeners  were  installed  at  each  adit  and  points  of  attack. 
At  the  shaft  the  following  plant  was  installed: 

1  set  10  X  15-in.  Jaw  crushers. 

1  set  sand  rolls. 

1  60  H.P.  steam  engine. 

1  two-drum  18  H.P.  hoist  engine  operating  the  shaft  cage. 

1  set  of  sand  screens. 

1  cement  house. 
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Owing  to  the  steepness  of  the  gorge,  at  the  mouth  of  the  adits  and  intake 
portal,  much  of  the  timnel  muck,  necessary  for  the  concrete  aggregate  was  lost, 
and  it  was  found  necessary  to  open  a  quarry  at  adit  No.  3. 

As  a  whole,  the  labor  available  was  extremely  i)oor^uid  unreliable  for  this 
class  of  work.  Negro  labor  was  used  chiefly.  Some  Hungarians  and  Chero- 
kee Indians  gave  somewhat  better  results.  Rainy  weather  (annual  rainfall 
varying  from  70  to  80  ins.)  was  a  serious  hindrance  to  progress.  During 
holidays  a  large  number  of  men  would  leave,  thus  resulting  in  onerous  trans- 
portation charges,  and  it  was  no  small  task  to  organize  and  break  in  two  shifts 
of  men  for  10  working  points.  Thus  labor  conditions  account  chiefly  for 
the  somewhat  slow  progress  in  driving  the  tunnel. 

Two  shift  were  worked  per  day  at  each  heading,  a  shift  consisting  of  4 
drillers,  4  helpers,  6  muckers,  2  trammers,  1  foreman.  Mules  were  used  for 
haulage.  .  At  the  adits,  forebay  and  intake,  one  blacksmith  and  one  helper 
did  the  drill  sharpening. 

The  following  wages  prevailed:  Drillers,  $2.50;  drill heli)ers,  $1.75;  muckers, 
$1.65;  foremen,  $4.50;  blacksmiths,  $3.50;  helpers,  $2.00;  carpenters,  $3.00; 
concrete  men,  $1.75. 

Work  at  the  intake  heading  and  driving  of  adit  No.  1  was  started  during 
July,  1911,  and  work  at  adit  No.  2  on  the  following  month.  The  intake  top 
heading  was  first  excavated  for  a  length  of  800  ft. ;  at  this  point  ground  pressure 
necessitated  heavy  timbering  and  in  some  instances  the  roof  caved  in  for  a 
height  of  10  ft.  Progress  was  very  slow  and  costly;  some  water  was  encoun- 
tered, and  as  the  tunnel  was  being  driven  down  grade,  pumping  had  to  be 
resorted  to  in  order  to  keep  the  heading  dry.  It  was  then  deemed  advisable 
to  carry  the  bench  excavation  close  to  the  heading,  and  work  was  suspended 
pending  the  completion  of  the  bench  excavation. 

The  headings  at  adit  No.  1  and  2  were  carried  at  the  top  of  the  tunnel.  A 
top  heading  was  also  started  in  September,  1911,  from  the  bottom  of  the  fore- 
bay,  the  material  excavated  being  handled  with  a  derrick  located  at  the  mouth 
of  same.  After  the  heading  had  been  driven  some  500  ft.,  a  soft  seam  was 
struck,  necessitating  timbering. 

In  June,  1912,  after  the  shaft  between  the  intake  and  adit  No.  1  had  been 
sunk  to  grade,  and  adit  No.  3  had  been  driven  to  the  main  tunnel,  headings 
8  ft.  high  were  driven  at  the  bottom  of  the  tunnel  section,  and  the  overlying 
material  was  stoped  down  on  the  tunnel  floor. 

The  average  progress  for  heading  and  bench  excavation  during  the  year 
1912  was  30  and  38  ft.,  respectively,  per  week  (6  days).  Twice  the  progress 
was  made  in  stoping  work  as  in  bench  excavation,  at  a  less  cost  of  about  50  cts. 
per  cubic  yard.  During  April,  1912,  about  1,784  cu.  yds.  of  bench  material 
were  excavated  at  a  cost  of  $4,315  per  cubic  yard,  and  during  May  of  the  same 
year  3,807  cu.  yds.  of  rock  were  stoped  down  at  a  cost  of  $3,789  per  cubic 
yard,  or  at  a  lesser  cost  of  $0,526  per  cubic  yard.  The  cost  of  bench  and 
stoping  work  was  as  per  Table  IV, 
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Tablb  IV 


Labor 

Supt.  and  walking  bosses 

Creneral  expenses 

Office  force 

Storeroom  force 

Repairmen 

Carpenters 

Dynamite 

Exploders 

Connecting  wire 

Kerosene 

Lubricating  oil 

Tamping  bags 

Lamps ^. 

Piping  and  fittings 

Drill  repairs 

Miscellaneous  supplies 

Drill  steel 

Blacksmith  coal 

Freight 

Feed 

Total $3. 789  $4,315 


Per  ou.  yd. 

Per  cu.  yd. 

stoping  work 

bench  work 

$2,415 

$2,965 

.141 

.067 

.036 

.101 

.103 

.085 

.027 

.028 

.115 

.102 

.053 

.050 

.339 

.416 

.029 

.038 

.015 

.014 

.002 

.002 

.013 

.012 

.002 

.002 

.011 

.010 

.015 

.029 

.204 

.095 

.041 

.063 

.107 

.080 

.027 

.027 

.063 

.079 

.031 

.050 

The  cost  of  driving  830  lineal  feet  of  heading  (2,856  cu.  yds.)  was  as  given 

in  Table  V. 

Table  V 

Cost 
Items —  per  cu.  yd. 

Labor .    $4.18 

Overhead  charges 0 .295 

Blacksmiths'  repairs 0 .  107 

Machinists'  repairs 0 .  135 

Supply  house  labor 0 .043 

Office  force. 0 .082 

Outside  force 0.12 

Drill  steel 0 .06 

Blacksmith's  coal 0 .035 

Mules'  feed 0 .051 

Freight 0 .  144 

Drill  repairs 0 .  324 

Piping  and  fittings 0 .09 

Miscellaneous  supplies 0 .076 

Dynamite 0 .035 

Exploders 0 .051 

Connecting  wires 0 .033 

Gasoline 0 .013 

Lubricating  oil 0 .033 

Tamping  bags 0 .006 

Total $6. 913 
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The  cost  of  excavating  39,831  cu.  yds.  of  tunnel,  from  February,  1912,  to 
April,  1913,  was  as  given  in  Table  VI. 

Table  VI. — Total  Cost  op  Tunnel  Excavation,  39,831  Cu.  Yds. 

February  1.  1912  to  April  31,  1913 

Cost 
Item*—  per  cu.  yd. 

Labor 13 .  833 

Explosives .  604 

Lubricants .  019 

Piping 026 

Drill  repairs 172 

Miscellaneous  supplies .  237 

Freight 087 

Transportation ^ .  247 

Liability  insurance .  181 

Miscellaneous  charges .  066 

Depreciation  on  equipment .  160 

Power* 306 

Total $5,928 

*  This  item  represents  that  part  of  the  original  cost  and  cost  of  operation  of 
compressor  plant  No  1  chargeable  to  tunnel  excavation.. 

Concrete  Lining. — ^Work  on  the  lining  was  not  started  until  September,  1912» 
I.e.,  at  a  time  when  the  tunnel  had  been  practically  completely  e^^cavated. 
About  120  ft.  of  tunnel  invert  was  concreted  first  at  adit  No.  3,  and  Blaw 
collapsible  steel  forms  were  then  erected  and  concreted.  It  was  soon  found 
out  that  it  would  be  preferable  to  concrete  the  side  walls  and  arch  first,  and 
later  on  the  invert,  and  this  procedure  was  then  followed  throughout. 

A  total  length  of  240  lin.  ft.  of  Blaw  forms  were  used,  the  lining  being  carried 
on  simultaneously  at  three  points.  Three  concreting  machines  furnished  by 
the  Concrete  Mixing  &  Conveying  Co.  of  Chicago  were  installed  and  operated 
by  air  at  100  lbs.  pressure.  The  best  results  were  obtained  when  conveying 
concrete  to  the  steel  forms,  erected  in  20  ft.  lengths  only,  through  6-in. 
diameter  spiral  pipes.  The  concrete  was  a  1 :3:5  mixture,  the  aggregate  being 
not  over  2  ins  in  size.  In  using  these  concrete  conveying  machines,  great 
care  had  to  be  exercised  in  order  to  prevent  the  formation  of  voids  within 
the  lining,  as  its  thickness  was  relatively  small.  In  general,  it  was  found  that 
a  somewhat  better  finish  would  have  been  obtained  had  the  lining  been  given 
a  greater  thickness,  as  it  was  somewhat  difScult  to  clean  thoroughly  the  forms 
after  these  had  been  used.  However,  the  results  obtained  were  satisfactory 
for  the  purpose  intended;  in  wet  places  the  concrete  was  somewhat  honey- 
combed, but  this  defect  was  corrected  during  the  grouting  process. 

In  places  where  the  tunnel  roof  was  high,  it  was  found  cheaper  to  use  con- 
crete rather  than  spalls  for  back  filling,  inasmuch  as  all  voids  were  to  be 
grouted. 

The  average  progress  of  concreting  varied  from  30  to  60  ft.  per  week  (6 
days),  the  average  for  the  whole  tunnel  being  about  60  ft.  The  invert  was 
laid  without  air  concreting  machines,  as  it  was  found  that,  in  order  to  obtain 
satisfactory  results,  the  concrete  had  to  be  delivered  in  a  confined  space.  The 
invert  was  laid  at  a  rate  of  about  745  ft.  per  week. 

The  cost  of  the  concrete  lining  is  given  in  Table  VII.  Cement  was  sold 
by  the  Northern  Contracting  Co.  to  the  sub-contractor  for  the  sum  of  $1.80 
per  barrel. 
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Tabu  VII 

Cost 
per  <ni.  yd. 
Items — 

jabor S6. 12 

lament 2. 995 

Vfiacellaneous  materials 0. 411 

Liumber 0. 138 

J'reight 0. 066 

rransportation 0. 167 

[nsurance 0. 168 

Royalty  on  concreting  machine 0. 420 

Miscellaneous  expenses 0. 106 

Crushing  rock 2. 02 

Quarrying  rock 0. 87 

Plastering  concrete 0.  206 

Cleaning  up  tunnel 0. 382 

Total* $12. 041 

*  Blaw  concreting  forms  and  depreciation  on  equipment  not  included. 

Orouting. — The  specifications  called  for  a  mixture  to  be  used  for  this  purpose, 
3iisisting  in  1  to  \\i  part  sand  to  1  part  cement.  Grout  and  vent  pipes  l\^ 
IS.  in  diameter  were  provided  in  the  tunnel  arch,  or  in  other  places  where 
ecessary,  15  ft.  apart,  more  or  less.  Four  grouting  machines  were  used  for 
his  purpose,  under  40  lbs.  pressing.  Little  trouble  was  encountered,  although 
a  a  few  places  local  flaking  of  the  lining  occurred  where  voids  had  been  left, 
n  wet  places  the  grout  oozed  through  the  honeycombed  concrete,  thus  mak- 
ng  a  somewhat  rough  surface,  which  was  smoothed  up  later  up.  The  cost 
)f  groutihg  was  about  $1.10  per  cubic  yard  of  concrete  placed. 

Cost  of  Driving  8»700  Ft.  of  Tunnel  by  Station  Men. — In  connection  with 
the  reconstruction  of  its  canal  system  the  Naches-Selah  Irrigation  District, 
comprising  some  10,500  acres  of  orchard  lands  in  the  Yakima  Valley,  Wash- 
ington, will  construct  16  tunnels  of  an  aggregate  length  of  21,000  ft.  Eight  of 
these  tunnels,  totaling  8,718  ft.,  were  constructed  in  1918.  The  following 
data  are  given  in  Engineering  and  Contracting,  Dec.  17,  1919  by  E.  M. 
Chauder  who  prepared  the  designs  for  the  work. 

The  tunnels  are  7  ft ,  wide  in  the  clear,  with  flat  bottoms,  side  walls  from  4 
to  h\i  ft.  high  to  the  spring  line  of  a  segmental  arch  with  a  2  ft.  rise.  The 
reinforced  coricrete  lining,  except  in  the  timbered  sections  is  6  in.  thick,  with 
the  exception  that  in  rock  the  floor  thickness  is  4  in.  The  tunnels  were  driven 
through  soft  and  dry  sand  rock  and  shale,  and  in  all  cases  but  one  the  drilling 
was  done  with  coal  augers. 

The  tunnels  were  driven  by  station  men,  who  in  some  instances  were  paid 
at  the  rate  of  $6  per  lineal  foot.  Three  men  constituted  a  shift.  The  tunnel 
driving  was  doubled  ended  and  double  shifted.  The  station  men  netted  from 
$10  to  $15  per  day,  and  at  the  same  time  set  the  pace  for  speedy,  economical 
tunnel  driving. 

The  holes  were  bored  about  8  ft.  deep,  usually  9  ft.  on  a  face.  No  springing 
was  required.  The  coal  auger  was  held  in  place  by  being  jacked  against  the 
flo<»  and  roof.  Varying  lengths  of  auger  were  used  as  the  hole  progressed. 
About  an  hour  usuidly  was  required  to  drill  and  load  the  holes.  The  three 
men  did  the  mucking,  using  large  scoop  shovels  for  this  purpose.  One  of  the 
three  drove  the  loaded  car  hauled  by  a  mule  to  the  dump.  The  haul  was  short 
and  took  only  a  few  minutes.  An  average  of  20  lin.  ft.  per  day  was  made  on 
some  of  the  tunnels  driven  in  soft  shale. 
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In  the  tuimdfl  where  sandrock  was  encountered,  a  little  more  time  for 
drilling  and  more  powder  were  required;  but  there  was  very  little  difPerenoe 
in  the  progress  made. 

In  lining  the  tunnels,  the  floor  was  run  in  first,  contrary  to  the  usual 
practice,  then  the  sides  and  then  the  roof.  The  mix  for  the  latter  was  1 :3:5; 
for  the  floor  and  sides  it  was  1 :2 :4.  The  mixing  was  done  outside  by  machines 
and  carried  in  by  cars  on  track.  Four  men  in  the  tunnel,  two  taking  turns 
shoveling  overhead,  and  two,  one  on  each  side,  tamping  back  into  place,  would 
ordinarily  put  in  60  ft.  of  roof  in  8  hours.  The  maximum  run  was  70  ft.  in  8 
hours. 

During  most  of  the  work  labor  was  paid  $4.50  per  8-hour  day,  and  part  of 
the  time  S5.50. 

The  following  tabulation  summarizes  the  cost  of  driving  and  lining  the 
eight  tunnels: 

Total  cost  per  Excavation  coet     lining  cost 
Tunnel  No.        Length,  ft.  lin.  ft.  per  cu.  yd.  per  cu.  yd. 

1  1.920.0  $21.20  $4.10  $22.20 

2  782.5  24.20  5.20  22.80 
9                     1,363.0                20.00                     3.33  23.40 

10  1.080.5  19.70  3.39  22.30 

11  883.0       18.20         3.89        21.00 

12  893.0       18.00         3.51^       22.00 

13  651.0       18.70         3.32        22.40 

14  1,145.0       19.60         3.13        27.20 

Total 8,718.0  $20.10  $3.73  $23.00 

Tunnel  No.  1 — Sandstone  of  varying  hardness  and  irregular  fracture. 

Tunnel  No.  2 — Cemented  gravel  and  large  boulders.  Could  not  use  augers  or 
machine  drills.     Much  overbreak. 

Tunnel  No.  3 — Soft  sandstone.     Concrete  run  in  from  one  end  only. 

Tunnel  No.  4 — Soft  sandstone. 

Tunnel  No.  5 — Soft  shale  with  considerable  gravel  intermixed. 

Tunnel  No.  6 — Boft  shale.  Lined  in  winter.  Water  hauled  several  miles 
under  bad  conditions. 

Tunnel  No.  7 — Soft  shale.     Concrete  material  hauled  5.7  miles. 

Tunnel  No.  8 — Soft  shale  with  considerable  overbreak.  Concrete  materia] 
hauled  6  miles  and  water  3  miles  in  winter  over  almost  impassable  roads. 


Cost  of  Cross  Cutting,  Amador  County,  California. — Important  factors 
in  cross  cutting  based  on  actual  mining  operations  are  outlined  by  Edwin  Hig- 
gins  in  a  bulletin  issued  on  July  1  by  the  California  Metal  Producers'  Associa- 
tion. The  data  are  the  result  of  an  investigation  conducted  at  the  mines  in 
Amador  County,  California.  The  matter  following  is  taken  from  an  abstract 
of  the  bulletin  published  in  Engineering  and  Contracting,  Sept.  19,  1917. 

A  summary  of  the  data  relating  to  the  driving  of  10  cross  cuts  in  various 
California  mines  is  given  in  Table  VIII:  In  this  table  costs  are  figured  only 
on  labor  and  explosives,  the  following  charges  being  made  for  labor:  Drill 
men,  $3;  chuck  tenders  and  muckers,  $2.50. 

All  the  cross  cuts  are  in  the  hard  greenstone  of  Amador  County  except 
operation  No.  8  (hanging  wall  slate),  operation  No.  9  (andesite  and  schist) 
and  operation  No.  10  (slate).  Five  degrees  of  hardness  were  selected.  No.  5 
being  the  hardest.  Most  of  the  rock  encountered  was  uniformly  hard.  The 
strength  of  the  caps  used  was  6X. 


SMALL  TUNNELS  1297 

Table  VIII. — Data  Rblattvu  to  the  DsiviNo  or  Txn  Cbobs  Cuts  in  Vabzoub 

Califobnia  Mines 
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1  5  94    6      X  »-     Varioua      Piston        Cross        85-90       5^-6 

7X9 

2  6        346   7      X  9       Various      Water         Carr        86-90      6H-6 

Hammer 
Water 

3  4         100    5      X  6H      1000       Hammer       Carr  90  6 

Stoper 

4  4         600    6      X  9K        276         Water         Carr        90-«5       6 

Hammer 
Water 
6        4         427    5M  X  7  1318       Hammer      Cross        70-90       5    -6 

6  6         172   7      X  9  140         Piston        Cross  76  6     -6 

7  4         357   7      X  9  180         Piston         Cross  80  '        6>^-7 

8  3-4    450   6      X  6         2190         Piston         Cross  80  6 

9  4-5     150    6      X  7K  85         Water         Cross         90  5-6 

Hammer 
10        3         432    6      X  7  210         Piston         Cross  86  6 

I  .     -  .      §1      ^^     ll       "s  ^         S§      S^ 

"Sfl     isa       §3      5^     ""a       -oii       -Si?         ^     ^^ 
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30% 

1  16-16       3  1.6-2         2         DP        Comet     Ammo-         62       $6.12 

Gel. 
30% 

2  16-16     1-1 H     4.0  2        DP        Comet     Ammo-        62        3.82 

Gel. 
8  16         1  4.26  1         DP        Delay         36%  60         3.62 

Expl.         Gel. 
DP        Delay         Dyn. 
4  16         1  4.6  2  Expl.        35%  60        3.42 

Gel. 

Eclipse       Dyn. 

6      11-13       l>i       2.60  1         DP        Special       40% 

Gel.  30        4.38 

Dyn. 

40% 

6  16        2  2.0  3        DP        Pacific     Ammo-        60        6.87 

Gel. 
40% 

7  12         1  6.0  2        C  Pacific      Ammo-         62        3.94 

Gel. 

8  11         IK       3.66  8        DP*     Aneroid     40%  30        4.07 

Nit. 
Gly. 
35% 

9  12  >g       6.0  3        DP'     Pacific     Ammo-        38        3.07 

H  •  Gel. 

40% 
10        8-10         ?^       4.6  1         C  Pacific      Ammo-        30         3.36 

Gel. 
*  BcmiiB  paid:  Maohinemen  received  S3  i>er  day;  chuck  tenders  and  muckers 
$2.60  per  day.     For  every  6  ft.  over  60  ft.  per  week,  all  men  received  26  cts.  per 
day  additional. 
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For  fear  of  creating  an  erroneous  impression  regarding  the  use  of  some 
particular  drill,  it  was  decided  not  to  mention  the  mal^e;  but  simply  to  divide 
the  drills  into  two  classes,  piston  drills  using  solid  steel,  and  hammer  drills 
using  water  through  hollow  steel.  In  practically  all  of  the  operations  1-ton, 
steel,  end-dump  cars  were  used,  and  shoveling  was  done  either  from  a  steel 
sheet  or  from  planks.  Hand-tramming  was  used  in  all  of  the  operations  except 
No.  3,  in  which  mules  were  used.  The  track  gage  in  all  cases  was  18  in.,  and 
16-lb.  rails  were  used  except  in  operations  Nos.  6  and  10,  where  12-lb.  rails 
were  used.  No.  timber  was  used,  except  in  operations  Nos.  5,  6  and  7,  which 
required  a  few  sets  each. 

Operation  No.  1 :  This  work  was  done  in  1915,  the  cost  of  the  94  ft.  being 
as  follows: 

Percentage 
of  total 
Cost  cost 

DrilKiig  (labor) $295.25  41.2 

Mucking  and  tramming 192. 50  26. 8 

Supplies 48.50  6.8 

Powder  (at,  11  cts.  per  lb.) 181 .45  25.2 

Total $717.70 

or  $7.63  per  ft. 


Operation  No.  2 :  Of  the  346  ft.,  239  were  driven  in  1916  and  107  ft.  in  1917. 
The  1916  costs  were  as  follows: 

Percentage 
of  total 
Cost  cost 

DrilUng  Oabor) $    785.25  31.4 

Mucking  and  tramming 583. 25  23. 3 

Powder 946.45  37.9 

Track,  ties  and  incidentals -    186.43        7.4 

Total $2,601.38 

or  $10.46  per  ft. 

The  costs  during  1917  (107  ft.)  were  as  follows: 

Percentage 
of  total 
Cost  cost 

DrilUng  Oabor) $     292.00  27.6 

Mucking  and  tramming 327 .00  30. 9 

Supplies 84.20  8.0 

Powder  (at  17  cts.  per  lb.) 354. 20  33.5 

Total. $1,057.40 

or  $9.88  per  ft. 


Operation  No.  3:  Firing  was  done  electrically  from  a  110-volt  line  with 
switch,  using  delay  exploders. 

Cycle  of  Operations:  Machineman  goes  to  work  at  7:00  a.  m.,  finding  dean 
set-up.  He  drills  and  shoots  at  abbut  3K)0  o'clock. «  Two  muckers  go  on  at 
7:30  p.  m.,  muck  out,  clean  up  and  put  in  platform  for  next  shift.  All  drill 
parts  are  kept  available  in  duplicate. 

Operation  No.  4:  Practically  same  cycle  of  operations  as  No.  3,  except  that 
two  shifts  are  worked.    Machineman  comes  on  to  a  dean  setHip,  drilling  and 


Percentaee 
of  total 

Coet  per 

COBt 

foot 

1.8 

$0.12» 

36.9 

2.54 

-^17.8 

1.22 

22.8 

1.59 

0.6 

0.04 

20.1 

1.88 
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shooting  about  3: 30  p.  m.  Two  muckers  come  on  at  4: 00  p.  m.  and  muck 
back  for  a  clean  set-up.  They  muck  out  their  round,  machineman  coming  on 
at  7 :  00  p.  m.  He  drills  and  shoots  at  about  3 :  30  a.  m.  Two  muckers  come  on 
at  4: 00  a.  m.  and  muck  back  so  that  a  machineman  coming  on  at  7: 00  a,  m. 
will  have  a  clean  set-up. 

Since  this  work  was  done  a  change  has  been  made  which  has  resulted  in 
greater  eflBciency.  The  l^-in.  round,  hollow  steel,  with  cross  bit,  one  set  of 
which  sufficed  to  drill  only  one  hole,  has  been  discarded  in  favor  of  1-in. 
hexagon,  hollow  steel,  with  Carr  bit.  Drilling  speed  has  increased  25  per  cent 
or  more  and  new  steel  drills  from  five  to  eig^t  holes  without  resharpening. 
The  drill  has  been  equipped  with  a  striking  block,  or  anvil  block. 

Operation  No.  5:  Most  of  this  work  was  done  with  one  drillman  on  the  first 
shift  and  one  mucker  on  the  second  shift.  The  426.6  ft.  were  driven  in  the 
period  from  July,  1916,  to  February,  1917,  at  the  following  cost: 


Cost 

Timbering $       51.88 

Drillmg 1,084.16 

Mucking  and  tramming 521 .  73 

Explosives 670. 48 

Candles. -. . . : 18. 60 

Hoisting 691 .  10 

Total 13,937.95         100.0  S6.89 

*  Not  timbered  throughout. 

163.5  drill-shifts  were  worked,  which  gives  an  average  advance  of  2.6  ft.  per 
drill  shift. 

Operation  No.  6:  The  cost  for  the  172  ft.  was  $1,255  ($7.30  per  ft.),  which 
does  not  Include  air,  hoisting,  drill  sharpening  or  superintendence.  The  work 
was  done  in  July,  1916. 

Operation  No  7 :  Drillers  and  muckers  made  from  $4  to  $4.50  per  foot  on 
contract.  Ventilation  was  by  compressed  air,-  with  water  spray  used  after 
shooting. 

*  Cycle  of  operations:  Driller,  chuck  tender  and  two  muckers  came  on  at  7: 00 
a.  m.  Machine  was  set  up  for  back  and  breast  holes  and  muckers  started 
mucking.  By  noon  the  round  was  half  drilled  and  the  muck  was  all  out. 
After  dinner  the  round  was  finished,  muckers  putting  in  track  and  platform. 
Shot  at'  3 :  20,  blowing  out  with  compressed  air.  Next  shift  comes  on  at  6: 00 
p.  m.  and  has  the  same  cycle  of  ofi^rations. 

Following  is  detailed  cost  per  foot: 

DriUers  (2) $2.78 

Trammers  and  shovelers 2 .  22 

Timbermen 30 

Powder 2.42 

Fuse 19 

Caps 06 

Candles 10 

Timber 36- 

Powder 58 

$9.01 
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Cost  per  foot  for  1,015  ft.  of  drifting  under  all  conditions:  all  timbered  and 
from  soft  to* very  heavy  ground: 

Drillers $  3.90 

Engineers .12 

Trammers  and  shovelers 3.81 

Timbermen 1 .  20 

Powder 1 .  19 

Fuse 13 

Caps .05 

Candles , 20 

Timber 1 .90 

Power 60 

$13.10 
Operation  No.  9:  Detailed  cost  for  150  ft.  of  cross  cut: 

Explosives $     142 .  00 

Steel 20 .  00 

Timber 37 .  30 

Pipe , 22.50 

Air 20.00 

Labor 993.60 

Total » $1,235.40 

or  $8.24  per  ft. 

Track,  superintendence,  surveying  and  power  bring  the  total  cost  up  to 
$10.34  per  foot. 

Cycle  of  Operations:  Start  setting  up  horizontal  bar  and  machine  at  7:00 
a.  m.  Top  holes  drilled  by  noon  and  by  the  time  muckers  had  the  previous 
round  mucked  out;  would  then  tear  down  and  set  up  for  the  lifters.  Round 
would  be  ready  to  shoot  by  2: 00  p.  m.  This  operation  continued  for  three 
shifts. 

Operation  No.  10:  The  best  progress  was  53  ft.  over  a  10  day  period,  or  at 
the  rate  of  160  ft.  per  30  days.  The  average  rate  was  about  120  ft.  per  month. 
Actual  drilling  time  for  a  round  was  5  hr.,  setting  up  and  tearing  down  taking 
up  2  hr. 

Expenses  over  a  distance  of  100  ft.: 

700  lb.  power,  at  17  cts $119.00 

220  cape,  at  $1.30  per  100 2. 86 

1320  ft.  fuse,  at  $6.20  per  100  ft 6.86 

160  lb.  steel,  at  $0,093  cts.  per  lb 14.90 

100  ft.  2-in.  pipe,  at  16  cts.  per  ft 16.00 

Contract  100  ft.,  at  $4.50  per  ft 450.00 

Air 20.00 

Total $629. 62 

or  $6.30  per  ft. 

Track,  superintendence,  surveying,  assaying,  apportionment  of  power, 
hoisting,  etc.,  bring  the  cost  up  about  $3.60  per  ft.,  making  the  total  cost  $0.90 
per  ft. 

All  drilling  and  shooting  was  done  on  day  shift.  Mucking  and  laying  planks 
and  track  was  done  on  night  shift. 

378.5  man-shifts  were  worked,  or  153  shifts  day  and  night. 

Commenta  on  the  Various  Opera<ton«.-^Nos.  1  and  2 :  These  two  operations 
afford  a  fair  comparison  of  the  solid-steel,  piston  drill,  as  compared  with  that 
of  the  water  hammer  drill.     The  94  ft.  of  operation  No.  1  were  driven  with  a 
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piston  drill,  5  shifts  being  required  to  put  in  a  round  of  holes.  At  this  point 
(see  operation  No.  2)  a  change  was  made  to  the  water-hammer  drill,  after 
which  a  round  of  holes  was  drilled  in  from  1  to  IV^  shifts. 

Attention  is  directed  to  the  greater  percentage  of  total  cost  chargeable  to 
drilling  in  operation  No.  1,  as  compared  with  No.  2.  The  increased  cost  of 
explosives  and  supplies  in  operation  No.  2  is  due  largely  to  the  increase  in  the 
cost  of  these  materials  in  1916  and  1917. 

No.  3:  This  is  one  of  two  operations  out  of  the  ten  in  which  delay  ei^loders 
were  used.  A  minimum  of  misfires  occurred  and  results  were  reported  better 
than  blasting  with  cap  and  fuse.  This  cross  cut  was  run  with  a  hammer  stoper 
and  good  progress  was  made.  The  section  of  the  drift  was  small  compared  With 
the  other  operations.  It  was  reported  that  the  fact  that  drilling  was  done  on 
one  shift  and  mucking  on  the  next  made  for  economy,  but  not  speed.  Keep- 
ing of  drill  parts  in  duplicate  was  an  important  factor  in  lessening  delays. 

No.  4:  This  was  an  efficient  operation.  Note  that  the  muckers  came  on 
three  hours  ahead  of  the  drillers.  A  very  important  bit  of  information  was 
brought  out  at  this  mine,  namely:  the  change  from  IK  in-  hollow,  round  steel, 
with  cross  bit.  to  1-in.  hollow,  hexagonal  steel,  with  Carr  bit,  which  greatly 
increased  the  drilling  speed,  and  the  nimiber  of  holes  that  could  be  drilled  with 
one  set  of  steel. 

No.  6:  The  striking  feature  here  is  the  slow  progress  made  with  the  solid- 
steel,  piston  drill.  x 

No.  7 :  This  is  a  case  in  whidi  good  progress  was  made  with  the  piston  drill. 
However,  the  ground  was  not  of  the  hardest  at  all  times  and  the  fact  that  the 
work  was  done  on  contract  had  some  effect  on  the  speed.  The  detailed  costs 
are  interesting. 

No.  8 :  This  operation  is  a  striking  illustraticm  of  what  can  be  done  in  cross 
cutting  by  day's  pay  plus  a  bonus.  An  average  of  77  ft.  was  made  every 
week.  A  little  figuring  will  show  plainly  that  the  company  was  the  gainer  by 
paying  the  bonus. 

No.  9:  This  operation  showed  the  lowest  cost  in  labor  and  explosives. 

No.  10:  The  total  cost  shown  for  this  operation  was  abnormally  high,  for 
the  reason  that  there  was  no  other  work  being  done  in  the  mine  and  all  charges 
were  directed  towards  this  one  cross  cut.  The  progress  was  excellent,  but 
on  account  of  the  fact  that  the  ground  was  not  as  hard  as  any  of  the  other  opera- 
tions it  is  hardly  fair  to  use  this  operation  in  comparison  with  the  others. 

As  indicated  previously,  it  is  believed  that  Operations  1  and  2  afford  the 
best  comparison  between  the  solid-steel,  piston  and  the  water-hanmier  drills. 
However,  one  such  operation  cannot  be  taken  as  conclusive.  While  compari- 
sons from  the  table  are  by  no  means  accurate,  on  account  of  varying  condi- 
tions, it  is  of  interest  to  note  the  following:  Omitting  operation  No.  10,  the 
average  number  of  shifts  required  to  drill  one  round  of  holes  was  1.81  for  solid- 
steel,  piston  drills,  and  1.14  for  the  water-hammer  drills.  The  average  ad- 
vance per  drill-shift  was  3.10  ft.  for  the  piston  drills,  and  4.07  ft.  for  the  water- 
hammer  drills.  The  average  cost  per  foot  in  labor  an  explosives  was  95  for 
the  piston  drills,  and  $3.66  for  the  water-hammer  drills. 

Making  a  further  distinction,  the  average  cost  per  foot  in  labor  and  explo- 
sives shows  $3.62  for  the  water-hammer  drills  using  the  Carr  bit;  $3.72  for 
the  water-hammer  drills  using  the  cross  bit,  and  $5  for  solid-steel  piston  drills, 
with  cross  bit. 

Important  ContndercUioni. — Based  <Mi  the  information  secured  during  this 
Investigation,  the  following  conclusions  and  suggestions  are  offered: 
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In  the  hard  greenstone  and  slate  found  in  the  Amador  County  mines,  the 
water-hammer  type  of  drill  is  superior  to  the  solid-steel  piston  drill. 

Apparently  the  Carr  bit  does  faster  wcvk  in  this  rode. 

Working  by  day's  pay  with  a  bonus  makes  for  speed  and  economy. 

The  use  of  1-in.  hollow,  hexagonal  steel,  with  Carr  bit,  as  against  lyi-in. 
hollow,  round  steel,  with  cross  bit,  makes  for  speed  and  economy. 

It  was  brought  out  that  in  an  operation  the  same  progress  was  made  by 
working  two  shifts  as  had  previously  been  made  working  three  shifts.  This 
was  due  chiefly  to  the  fact  that  the  ventilation  was  very  i)oor.  The  further 
fact  was  brought  out  that  in  poorly  ventilated  headings  the  efficiency  of  the 
men'is  often  impaired,  and  sometimes  they  are  entirely  overcome,  by  powder 
gas.  It  appears  that  this  trouble  is  more  acute  where  the  rock  is  hard.  Best 
results  seem  to  have  been  attained  by  blowing  out  the  beading  with  a  combined 
air  and  water  spray  after  blasting.  Where  water  is  available  the  muck  i^ 
should  be  sprayed  from  time  to  time,  as  an  aid  in  keeping  down  powder  gas. 

Inasmuch  as  the  prime  factor  in  drilling  efficiency  is  the  force  and  frequency 
of  the  blow  struck  by  the  drill,  it  is  of  importance  to  keep  compressors  working 
up  to  efficiency  and  to  watch  carefully  for  leaks  in  the  air  line  so  that  the  propet 
pressure  may  be  maintained  at  the  drill. 

Drilling  economy  may  be  secured  by  conducting  experiments  on  the  proper 
strength  and  amount  of  powder  to  be  used,  the  kind  of  bit  to  be  used  and  the 
proper  number,  angle  and  size  of  drill  holes. 

Electrical  blasting  is  recommended  where  current  is  available. 

The  keeping  of  detailed  costs  on  each  operation  enables  the  operator  to  esti- 
mate closely  the  cost  of  proposed  work.  It  also  affords  a  check  on  work  in 
progress,  the  operator  at  any  time  being  able  to  locate  any  item  that  might  be 
causing  an  unnecessary  increase  in  cost. 

Costly  delays  may  be  eliminated  by  keeping  duplicate  drill  parts  close  at 
hand. 

Misfires  are  a  most  important  factor  in  causing  delays.  It  is  recommended 
that  records  be  kept  of  misfires  so  that  remedial  measures  may  be  taken  should 
they  exceed  2  per  cent. 

A  good  drill-steel  blacksmith  is  an  absolute  necessity  for  efficient  work. 

Cost  of  10  X  IS  Ft.  Tmmel  at  Copper  Mountain,  B.  C. — ^Very  rapid  prog- 
ress was  made  in  the  driving  of  the  main  haulage  level  at  the  Copper  Mountain 
Mines  of  the  Canadian  Copper  Corp.,  Ltd.,  near  Princeton,  B.  C.  The 
methods  employed  in  this  work  were  described  by  Oscar  Lachmund,  in  a 
paper  presented  in  the  fall  of  1918  at  the  CSiicago  meeting  of  the  A.  I.  M.  £. 
from  which  the  matter  in  this  article  was  abstracted  in  Engineering  and  Con- 
tracting, March  19,  1919. 

Conditions  were  imf avorable  for  economical  operations.  The  cost  of  power 
was  high,  for  the  fuel  was  of  poor  grade;  besides,  during  the  time  the  work  was 
in  progress,  very  little  other  power  was  needed  so  that  most  of  the  power  cost 
was  charged  against  the  footage.  The  transmission  line  consisted  of  No.  4 
galvanized  iron  wire  with  the  result  that  the  line  loss  was  considerable.  The 
voltage  transmitted  was  about  30,000.  The  plant  was  operated  under  a 
lease,  which  was  due  to  expire  about  the  same  time  this  work  was  sup- 
posed to  be  completed;  an  extension  was  refused;  th^^ore  speed  was  nxwt 
important. 

The  plans  called  for  a  straight  adit  2,900  ft.  in  length.  At  a  point  2300  ft. 
from  the  portal,  two  raises  were  to  be  put  up  to  the  next  nearest  workings,  a 
difference  in  elevation  of  about  800  ft.    One  of  these  was  to  be  a  2-compari- 
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ment  liolstway  and  the  other  a  zigzag  ore  pass,  or  muck  run.  A  location  for 
these  raises  had  been  determined  by  a  number  of  diamond-Klrill  holes,  but  the 
material  to  be  penetrated  by  the  adit  was  not  known.  It  seemed  imperative 
to  get  the  tunnel  work  completed  as  rapidly  as  possible,  in  order  to  allow  for 
delays  in  the  raising  program,  which  were  certain  to  occur. 

The  plans  called  for  a  tunnel  9  ft.  high  by  11  ft.  wide;  but  owing  to  the 
"blocky"  nature  of  some  of  the  rock  a  considerable  "over  break"  occurred. 
This  enlarged  the  tunnel  cross-section  to  10.4  ft.  by  12  ft.  indicated  by  mea- 
surements taken  at  200-f  t.  intervals  after  the  work  was  finished  and  slowed  up 
the  work  on  account  of  the  extra  waste  handled,  besides  increasing  the  cost 
per  foot  of  driving.  Several  regions  of  geological  disturbance  were  crossed 
and  the  heavy  ground  encountered  called  for  timber  supports.  More  than 
350  ft.  of  heavy  timbering  was  necessary  at  various  points  along  the  course 
of  the  tunnel;  this  also  retarded  the  work  to  the  extent  of  about  6  ft.  per  day 
for  each  set  of  timber  placed.  Once  the  working  force  was  organized  and  the 
work  well  imder  way,  three  shifts  were  put  on,  working  8  hours  each. 


^Mi^>^yy^mii^^.^l^^^^^/Z^r^i^ 


Letters  laAcM*  Order   of  Klrtii« 


Sealti.    l/'-t' 


Fig.  3. — Drift  round  in  main  haulage  head.  Copper  Mountain,  British 

Colunibia. 


The  drills  used  were  the  dreadnaught  No.  60.  They  were  mounted  four 
on  a  horizontal  bar,  from  which  position  all  but  the  four  bottom  holes  or 
"lifters"  were  drilled,  the  miners  working  on  the  muck  pile.  Upon  comple- 
tion of  the  upper  part  of  the  round,  most  of  the  muck  had  been  removed;  that 
which  was  left  was  rapidly  thrown  back  from  the  face,  all  hands  helping  on 
this  work.  The  horizontal  bar  was  then  torn  down  and  dropped  to  the  lower 
position,  from  which  the  lifters  were  drilled.  The  change  of  the  bar  from  the 
upper  to  the  lower  position,  together  with  drilling  the  lifters,  loading,  and 
firing  the  entire  round,  was  frequently  made  in  50  minutes.  The  holes  were 
pointed  to  pull  a  7-ft.  round  and  average  about  9  ft.  in  depth.  The  center,  or 
"cut  holes"  were  fired  first,  after  which  followed  the  side  holes,  then  the  back 
holes,  and  finally  the  lifters.  The  drift  round  commonly  used  in  this  work  is 
illustrated  in  Fig.  3,  which  also  indicates  the  firing  of  the  holes  in  groups.  The 
blasting  was  done  by  hand,  the  fuses  being  "spit."  The  timing  of  the  shots 
was  regulated  by  cutting  the  fuse  in  different  lengths;  the  shortest  for  the 
center  holes,  the  next  longest  for  the  side  holes,  and  so  on.  The  lifters  were 
loaded  with  extra  heavy  charges  of  powder,  so  as  to  throw  the  muck  back  from 
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the  face  as  much  as  possible.  This  was  sometimes  helped  by  placing  charges 
of  explosive  outside  and  beneath  the  lifters;  these  were  called  muckers,  and 
were  set  to  go  off  after  the  rest  of  the  round  had  been  fired. 

The  powder  used  was  a  non-freezing  kind,  varying  in  strength  from  40  to 
60  per  cent  nitroglycerin,  depending  on  the  hardness  of  the  rock  at  the  face. 

The  rock  was  handled  in  small,  V-shaped,  hand-dump  cars  of  about  1 ,00O-lb. 
capacity.  Tramming  was  done  by  hand  until  the  distance  from  heading  to 
dump  became  too  great,  *when  horse  haulage  was  substituted;  later  this  was 
replaced  by  an  electric  installation.  Steel  plates  were  laid  on  the  bottom  for 
a  distance  of  30  to  40  ft.  from  the  face,  to  facilitate  shoveling,  also  to  permit 
shunting  empty  cars  past  the  loaded  trains  and  thereby  eliminating  the  need 
for  double  track. 

The  cars,  being  light,  were  easily  pulled  from  the  track  and,  with  bodies 
tilted,  were  passed  on  the  steel  plates,  alongside  of  the  loaded  cars  and  then 
pushed  back  on  to  the  track  at  the  muck  pile  and  loaded.  Temporary  track 
was  laid  close  up  to  the  face  before  firing  a  round.  The  T-rails  were  laid  on 
their  side,  allowing  the  flanges  of  the  car  wheels  to  run  on  the  grooves  thus 
formed. 

The  foul  air  and  gases  were  removed,  after  each  round  was  fired,  by  a 
Connersville  rotary  blower  of  10  cu.  ft.  capacity,  stationed  at  the  portal  of 
the  tunnel.  Later,  a  similar  machine  was  placed  about  halfway  in  the  adit 
and  worked  in  tandem  with  it.  The  blowers  were  set  to  exhaust  toward  the 
surface  through  a  12-in.  wire-wound,  wooden  stave  pipe.  The  men  were  able 
to  return  to  the  heading  within  15  minutes  after  firing. 

The  mucking  crew  was  divided  Into  three  gangs,  on  each  shift,  averaging  II 
men  per  shift.  The  work  was  divided  so  that  one  gang  was  shoveling  muck, 
another  was  picking  down  from  the  muck  pile,  while  the  third  was  bringing 
up  empty  cars  and  forming  them  into  trains  after  they  were  loaded.  This 
latter  work  did  not  take  up  the  entire  time,  so  that  this  gang  had  an  opportun- 
ity to  rest.  As  soon  as  a  train  was  loaded,  the  gangs  changed  jobs;  that  is, 
the  pickers  went  at  shoveling,  the  car  handlers  took  the  picks,  and  the  shov- 
elers  took  the  easy  work,  and  so  on.  Greater  efficiency  was  maintained  in 
this  manner,  as  the  change  of  work  tended  to  rest  the  men  and  they  were  able 
to  work  continuously. 

A  bonus  system  was  also  a  large  factor  in  keeping  the  men  up  to  the  mark. 
This  was  based  "on  a  daily  advance  of  9  ft.,  upon  whidh  the  then  "going 
wages  were  guaranteed;  for  all  advance  over  9  ft.,  $6  per  foot  was  added  as 
bonus.  For  each  set  of  timber  placed,  an  allowance  of  3  ft.  was  made,  "niiich 
applied  on  the  bonus.  Current  wages  at  the  time  were  $4.50  for  nriners,  $4 
for  helpers,  and  $3.50  for  common  labor.  The  bonus  distribution  brought 
these  amounts  up  to  $5.91  for  miners,  $5.25  for  helpers,  and  $4.59  for  muckers. 
The  foreman  and  the  shift  bosses  also  shared  in  the  bonus,  the  distribution 
being  made  by  pro-rating  the  bonus  in  the  same  ratio  as  the  amount  of  regular 
wage  received  by  each  man.  Everybody  seemed  satisfied  and  no  difficulties 
were  experienced  as  far  as  the  labor  situation  was  concerned. 

The  work  was  begun  on  Oct.  9, 1917,  and  the  tunnel  was  finished  March  11, 
1918,  a  total  of  154  days.  The  actual  working  time  was  150  days,  four  days 
being  lost  on  account  of  a  break  in  the  power  line. 

The  length  of  the  adit  is  2,903  ft.  and  the  daily  average  progress  was  19.3  ft. 
for  each  working  day.  The  greatest  advance  in  any  one  month  was  in  Decem- 
ber, 1917,  when  a  total  of  645  ft.  was  driven.  The  amount  of  rock  handled  is 
estimated  at  185  tons  per  day.    The  material  penetrated  was  granodiorite, 
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for  the  greater  part  of  the  distance.  The  total  cost  of  driving  the  tunnel  was 
$103,242,  which  brings  the  cost  per  foot  of  tunnel  to  $35.56.  Certain  equip- 
ment and  supplies  were  charged  against  the  work  that  should  have  been  carried 
in  a  suspense  account,  as  most  of  these  had  a  certain  salvage  value  because  it 
was  intended  to  use  them  in  the  future  operation  of  the  mines.  For  reasons 
already  mentioned,  such  as  expensive  power,  ihe  cost  given  does  not  really 
represent  the  actual  expense  of  driving.  Had  speed  not  been  so  important 
no  doubt  the  work  could  have  been  done  more  cheaply. 
The  cost  items  are  as  follows: 


Total  driving  cost:  Per  ft 

Labor $  8. 80 

Explosives 5. 72 

Drills,  parts  and  repairs 0. 95 

Steel,  snarpening  and  replacement 1 .  37 

Miscellaneous  supplies 0. 66 

Power 2. 90 

$20.40 

Rock  disposal: 

•  Labor $  7.62 

Supplies 0. 57 

Power 0. 20 

$  8.29 

Timbering: 

Labor $  0.46 

Timber  and  supplies 0. 86 

$  1.32 

Indirect  expense: 

Air  and  water  lines $  1 .  88 

Electric  lighting 0. 35  . 

Ventilation 1 .  10 

Dump,  tracks  and  trestles 0 .  17 

Depreciation  on  drills 0 .  33 

Depreciation  on  cars 0.11 

Surface  hoisting  and  hauling 1 .  19 

Miscellaneous  supplies 0 .  42 

$  5.65 

Total  cost $35. 56 

Timbering  details: 

53  sets  timber  installed,  cost  per  set $72 .  62 

354  ft.  of  tunnel  timbered,  cost  per  foot 10. 83 

Drilling  details: 

Actual  drilling  hours 8.022 

Actual  working  days 149^ Ha 

Average  drilling  hours  per  day 53 .  50 

Cost  of  upkeep  per  driAing  hour,  in  cts 22. 53 


Organisation  aad  Progress  in  Driving  7  X  U  Ft.  Drift,  in  Hard  Gneiss. — 
Engineering  and  Contracting,  Jime  16, 1920»  abstracts  the  following  data  from 
the  Engineering  and  Mining  JoumaL 

A  7-ft.  X  12-ft.  drift  at  the  Harmony  Mines  at  Mineville,  N.  Y.,  was  driven 
a  distance  of  213  ft.  in  36  8-hour  shifts.  The  gang  per  shift  consisted  of  two 
machine^  men  and  three  men  mucking  and  tramming.    No.  248  IngeisoU- 
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Leyner  drills  with  l>^-in.  round  hollow  drill  steel  with  crossblts  and  l^-ln. 
change  were  used.  The  gage  of  the  starter  bit  is  2^  in.,  four  changes  were 
made,  and  the  holes  drilled  according  to  the  V-type  cut  sjrstem.  Time  fuses. 
No.  8  caps,  and  Du  Pont  gelatin  were  utilized  in  blasting.  The  two  machine 
men  drilled,  loaded,  and  fired  26  9-ft.  holes  per  shift,  which  is  234  ft.  of  drilling 
per  round.  The  muclters  loaded  the  dirt  in  IH-ton  cars  and  pushed  them  to 
the  main  slope. 


Si«e  of  drift 7  ft.  X  12  ft. 

Holes  drilled  per  round 26 

Number  of  feet  drilled  per  round 234 

Number  of  men  per  shift 5 

Advance  of  heading  per  shift 5. 02  ft. 

Advance  of  heading  per  man  per  month 31 .93  ft. 

Cu.  ft.  rock  remov^  per  man  per  shift 99. 46 


Cost  of  Small  Tunnel  for  Sewer  in  Very  Hard  Rock. — ^In  Engineering  News 
Record,  May  3.  1917,  Charles  C.  Hopkins  gives  the  cost  of  a  tunnel  410  ft. 
long  driven  under  his  supervision  in  1904-5  at  Saugerties,  N.  Y.  in  very  hard 
rock — Cauda  galli  formation. 

The  tunnel  was  4  x  6  ft.,  with  no  water  to  contend  with,  and  was  to  contain 
a  sewer.  The  mucking  was  distributed  and  at  a  short  distance  from  the  tunnel 
entrance.  The  contract  price  for  the  tunnel  was  $7  per  iin.  ft.  and  the  con- 
tractor sublet  the  labor  at  $6,  furnishing  the  mucking  equipment,  explosives 
and  hand  drills.  The  equipment  consisted  of  a  second-hand  car  and  track. 
The  actual  cost  of  183  ft.  of  this  tunnel  was  as  follows: 


1,500  lb.  dynamite  @  lOicts f     167.50 

2,000  ft.  fuse  @  ict 10.00 

1.100  exploders  @  3ct8 88.00 

800  fuse  cape  @  let 8.00 

Labor  @  $6.00  per  ft 1 ,008.00 

Total $1,806.50 

Cost  per  lineal  foot 7 .  14 

The  use  of  the  plant  would  be  covered  by  not  to  exceed  lOcts.  per  ft.  No 
appreciable  difference  in  cost  was  noticeable  in  the  driving  of  the  remainder 
of  the  tunnel.  The  contractor  made  no  money  on  this  work,  but  the  sub- 
contractor, after  paying  his  helpers,  earned  $454.55  for  the  1110  hours  of  his 
time  on  the  183  ft.,  or  40cts.  per  hour.  The  subcontractor  paid  his  men  20 
and  I5cts.  per  hour  and  made  about  2H  't.  per  day. 

Cost  of  One-Man-Per-Heading  Tunnel  Driven  Through  Shale. — Engineer- 
ing News-Record,  April  12,  1917,  gives  the  following: 

A  sewer  tunnel  3147  ft.  long,  lined  with  vitrified-clay  segmental  blocks  to  an 
interior  diameter  of  36  in.,  is  a  feature  of  the  Close's  Creek  sewer  system  at 
Des  Moines,  Iowa.  The  tunnel  is  in  hard  shale  rock  that  disintegrates  en 
exposure.  It  is  50  to  60  ft.  below  the  surface.  Shafts  for  manholes  ware 
simk  at  intervals  of  300  ft.  and  headings  driven  in  both  directions  from  each- 
shaft. 

The  excavation  was  sublet  to  miners,  who  used  coal  miners*  hand  drills  as 
a  rule.    There  was  on^taian  to  each  heading,  and  he  loaded  his  own  «ar  and 
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ran  it  to  and  from  the  shaft.  The  cars  were  of  wood,  with  a  capacity  of.  8 
cu.  ft.  and  ran  on  a  track  of  24-in.  gage.  The  price  for  excavation  was  $1.75 
per  ft.,  the  contractor  suppljing  the  dynamite  and  installing  the  shaft  hoists. 
No  cages  were  used,  the  cars  being  hitched  to  chain  slings.  The  muclc  was 
dumped  into  wagond  for  removal.  Some  gas  was  encountered,  and  men  were 
overcome  at  times,  owing  to  lack  of  ventilation.  No  explosions  occurred. 
There  was  very  httle  water.  The  progress  averaged  2  ft.  per  heading  per  9- 
hr.  day,  with  six  to  eight  headings  under  way  most  of  the  time. 

Cost  of  Constructing  Brick  Sewer  in  Tunnel  Under  Compressed  Ait,- — 
Ivan  A.  Greenwood,  gives  the  following  in  Engineering  and  Contracting,  Jan^ 
10,  1912. 

The  Main  Intercepting  Sewer  of  Cleveland  extends  13  miles  along  the  lake 
shore  with  an  outlet  about  9  miles  east  of  the  center  of  the  city. 

The  size  varies  from  5  ft.  up  to  13  ft.  6  ins.  The  grade  is  2  ft.  to  the  mile, 
giving  a  velocity  of  about  4.3  ft.  per  second  and  about  405,000,000  gals, 
capacity  for  24  hours  at  the  outlet. 

The  contracts  for  the  sections  completed  between  East  61st  St.  and  East 
79th  St.  were  let  to  John  Wagner,  Bratenahl,  Ohio.  This  section,  12  ft.  3  ins. 
in  diameter,  6,850  ft.  long,  built  by  tunneling  about  40  ft.  imder  ground,  was 
constructed  with  three  rings  of  No.  1  shale  brick  laid  with  Portland  cement 
mortar  mixed  in  the  proportions  of  1  to  2.  A  &4n.  ring  of  wooden  cants 
extended  around  the  outside  of  the  brickwork.  The  cants  served  the  double 
purpose  of  providing  a  temporary  roof  during  the  mining  and  also  saved 
the  brickwork  from  damage  when  the  shield  was  shoved  forward  by  the 
hydraulic  jacks,  which  braced  directly  against  the  cants. 

The  material  encountered  for  the  most  part  consisted  of  hard  blue  clay 
which  was  readily  knifed.  Two  pockets  of  quicksand  were  encountered  one 
of  which  necessitated  open  cutting. 

But  two  shafts  were  used,  one  situated  at  the  west  end  of  the  work,  at  East 
61st  St.,  operated  with  one  heading;  the  other,  situated  at  about  two-thirds 
of  the  way  between  beginning  and  end  of  the  work  at  East  70th  St.,  had  two 
headings.  The  working  plant  at  the  East  70th  St.  shaft  contained  a  hoisting 
engine  which  operated  the  cage  used  for  conveying  material;  two  hydraulic 
piunps  with  a  capacity  for  a  pressure  of  6,000  lbs.  per  sq.  in.,  one  being  used 
on  each  heading;  two  compressors,  one  for  each  heading;  two  60  h.  p.  boilers; 
one  dynamo  capable  of  lighting  200  electric  lights  at  110  volts,  and  a  30  h.  p. 
engine  for  operating  the  djniamo.  The  cants  were  made  at  this  plant  in  a 
separate  shed  by  sawing  sticks  of  6  X  8-in.  timbers,  3  ft.  long,  so  as  to  conform 
to  the  circumference  of  the  tunnel.  The  East  6  Ist  St .  shaft  had  practically  the 
same  machinery,  with  the  exception  that  only  one  boUer,  one  compressor  and 
one  hydraulic  pump  were  required.  The  Lake  Shore  &  Michigan  Southern 
Ry.  furnished  convenient  facilities  for  receiving  material. 

The  work  was  carried  on  day  and  night.  The  mining  was  done  during 
the  day  and  the  bricklaying  at  night.  The  work  was  started  Oct.  1,  1909,  and 
finished  April  1,  1911.  Considerable  difficulty  was  encountered  due  to  water 
and  poor  roof  at  each  of  the  shafts  when  the  headings  were  first  started,  and 
before  compressed  air  was  used.  As  soon  as  about  50  ft.  of  sewer  had  been 
built,  brick  masonry  locks  were  constructed  and  the  compressors  started. 
About  14  lbs.  pressure  was  all  that  could  be  obtained,  as  beyond  that,  the  air 
could  not  be  held  because  of  the  comparatively  shallow  depth.  The  average . 
pressure  used  was  scarcely  6  lbs.  and  served  to  keep  the  face  and  roof  dry. 
The  3-in.  pipe  conveying  the  air  was  not  stopped  at  the  face  end  of  the  locks,; 
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but  waa  carried  along  with  the  construction.  Another  similar  pipe  extended 
from  the  shaft  side  of  the  lock  up  to  the  face.  This  was  provided  with  a  valve 
and  was  used  to  take  out  any  water  accumulating  at  the  face.  It  also  served 
as  a  means  of  rapidly  changing  the  air  at  the  face. 

The  shields  were  of  the  ordinary  variety,  consisting  of  a  circular  steel  shell 
with  a  4-ft.  follower  for  the  roof.     Two  different  sizes  were  used,  one  only 
slightly  in  excess  of  the  required  diameter  of  the  tunnel  and  the  other  about 
4  ins.  larger.    The  larger  proved  to  be  much  more  satisfactory,  for  the  reason 
that  if  the  shield  were  tipped  slightly  in  order  to  go  up  for  grade,  the  rear  end 
of  the  follower  of  course  would  come  down,  the  result  being  that  the  cants  were 
forced  downward.    This  often  made  it  difficult  to  get  in  the  three  full  rings 
of  brickwork  in  the  arch.     Since  the  removal  and  replacement  of  the  cants  in 
the  arch  was  an  arduous  and  sometimes  dangerous  piece  of  work,  it  was  found 
much  more  satisfactory  to  have  a  larger  shield  and  to  carry  this  a  little  high 
as  the  time  saved  much  more  than  compensated  for  any  slight  excess  of  brick- 
work required.    Each  shield  was  provided,  with  eight  hydraulic  jacks  4  ins. 
in  diameter.    While  it  was  possible  to  obtain  a  pressure  of  6.000  lbs.  to  the 
square  inch,  as  a  matter  of  fact  a  pressure  much  over  2,000  lbs.  per  square  inch 
was  seldom  used,  because  the  lesser  pressure  proved  sufficient  to  move  the 
shield.     The  jacks  were  the  ordinary  single  action  jacks,  long  enough  to  shove 
the  shield  2  ft.     The  jacks  were  pushed  back  into  their  cylinders  after  a  shove 
by  releasing  the  water  and  prying  them  with  crowbars.     The  double  acting 
jacks  would  have  been  much  more  satisfactory  for  this  purpose.     The  water 
from  the  hydraulic  pump  was  carried  in  a  high  pressure  K-in.  pipe,  especial 
care  being  used  to  secure  perfect  joints  at  the  coupling.     An  extension  arrange- 
ment at  the  shield  fitted  with  movable  joints  allowed  the  shield  to  progress 
without  uncoupling  during  a  shift. 

Progress. — The  actual  process  of  mining  was  carried  on  by  a  force  of  six 
miners,  two  muckers,  one  timber  man  for  the  cants,  and  a  boss  miner.  These 
men  by  means  of  knife  and  mattocks  would  dig  out  the  cla^  about  2  ft.  ahead 
of  the  shield.  The  shield  would  then  be  forced  ahead,  and  cants  set  and  the 
process  repeated.  Each  shove  would  take  about  five  or  ten  minutes,  but  the 
mining  for  each  shove  generally  took  about  two  hours.  As  a  rule  about  five 
shoves  a  day  were  made.  The  greatest  distance  made  for  one  heading  in  one 
day  was  a  little  over  17  ft.,  but  the  average  per  heading  was  about  9  ft.  As 
fast  as  the  material  was  cut  out,  it  was  placed  on  cars,  each  holding  H  cu.  yd., 
and  hauled  by  mules  to  the  shaft.  The  cars  ran  directly  from  the  tunnel  onto 
the  hoist  and  were  raised  to  a  platform,  above  the  street,  nm  out  on  the  plat- 
form and  dumped  into  wagons,  which  carried  the  clay  to  the  lake  shore  where 
it  was  dumped  into  the  lake.  At  the  East  70th  St.  shaft  the  clay  was  dumped 
into  cars  which  were  hauled  on  a  narrow  gage  track  to  the  lake  about  a  quarter 
of  a  mile  away.  The  brick  shift  came  on  at  about  7  o'clock  in  the  evening, 
and  stayed  until  the  brickwork  was  brought  up  to  the  face.  Two  bricklayers 
with  seven  helpers  could  take  care  of  the  day's  work  in  eight  hours.  Steel 
ribs  with  wooden  lagging  2  ins.  square  and  12  ft.  long  were  used  for  the  arch, 
with  2-ft.  strips  of  block  lagging  for  the  key. 

The  contractor  employed  one  superintendent  for  each  shaft.    Each  super- 
intendent was  assisted  by  a  boss  miner  and  mason  foreman. 

The  sawing  of  the  cants  was  sublet  by  the  contractor.    One  sawing  equip- 
ment did  the  work  for  both  shafts. 

The  following  tables  show  the  make-up  of  each  shift  together  with  the 
average  wage  paid  for  each  class  of  labor: 
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Mining  Shift  at  East  61st  St.  Shaft  (Onb  Heading) 

6  Miners  at  $4.50  per  day $27.00 

1  Timberman  at  $4.50  per  day 4. 50 

2  Muckers  at  $2.50  per  day 5. 00 

1  Boss  miner  at  $5.00  per  day 5 .  00 

2  Mule  drivers  at  $2.50  per  day 5. 00 

1  Lock  tender  at  $2.50  per  day 2 .  50 

1  Cage  man  at  $2.00  per  day 2.00 

1  Tipple  man  at  $2.00  per  day 2.00 

2  Yard  laborers  at  $2.00  per  day 4.00 

2  Dump  laborers  at  $2.00  per  day 4 .  00 

2  Teams  at  $5.00  per  day ,10. 00 

1  Engineer  at  $4.00  per  day 4 .  00 

1  Repair  man  at  $4.00  per  day. 4 . 00 

1  Fireman  at  $2.00  per  day 2.00 

1  Superintendent  at  $6.00  per  day 6. 00 

25              Total $87.00 


Bbicklatino  Shift  at  East  61st  Stbbbt  Shaft 

2  Bricklayers  at  $8.00  per  day $16.00 

7  Helpers  at  $2.00  per  day 14. 00 

1  Lock  tender  at  $2.50  per  day 2. 50 

2  Mule  drivers  at  $2.00  per  day 4. 00 

3  Laborers  at  $2.00  per  day 6. 00 

1  Engineer  at  $4.00  per  day 4 .  00 

1  Foreman  at  $3.50  per  day 3. 60 

17              Total $60.00 


Mining  Shift  at  East  70th  Street  Shaft  (2  Headings) 

12  Miners  at  $4.60  per  day $  54.00 

4  Muckers  at  $2.50  per  day 10. 00 

2  Timbermen  at  $4.50  per  day 9.00 

2  Boss  miners  at  $5.00  per  day 10. 00 

4  Mule  drivers  at  $2.00  per  day 8 .  00 

2  Lock  tenders  at  $2.50  per  day 6.00 

2  Cage  men  at  $2.00  per  day 4. 00 

1  Tipple  man  at  $2.00  per  clay 2. 00 

2  Dump  men  at  $2.00  per  day 4. 00 

4  Yard  laborers  at  $2.00  per  day 8. 00 

1  Engineer  at  $4.00  per  day 4. 00 

1  Repairman  at  $4.00  per  day 4 .  00 

1  Fireman  at  $2.00  per  day 2.00 

1  Superintendent  at  $6.00  per  day 6 .  00 

39              Total $130.00 


Bbicklaying  Shift  at  East  70th  Street  Shaft 

4  Bricklayers  at  $8.00  per  day $32. 00 

12  Helpers  at  $2.00  per  day 24 .  00 

2  Lock  tenders  at  $2.50  per  day 6. 00 

2  Mule  drivers  at  $2.00  per  day 4 .  00 

1  Foreman  at  $3.60  per  day 3. 50 

1  Cageman  at  $2.00  per  day 2.00 

3.  Yard  laborers  at  $2.00  per  day 6. 00 

1  Fireman  at  $2.00  per  day 2. 00 

1  Repairman  at  $3.00  per  day 3 .  00 

1  Engineer  at  $4.00  per  day 4 .  00 

28              Total $85.60 
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The  tables  show  cleoil?  the  advuitage  in  economr  of  operatinK  two  bead- 
logs  from  one  shaft.  As  a  mstter  of  tact  this  did  not  work  out  ajl  tbe  time, 
due  to  a  bad  quickaaod  pocliet  struck  in  the  beadins  goiDg  east  from  East 
70th  St„  which  delated  that  heading  until  the  other  two  beadinss  came 
together. 

About  760  bricks  per  ruimiug  foot  were  used  in  construction  laid  with  }^-tn. 
Joints.  The  cement  used  was  Lehigh  Portland;  between  7  uid  a  ba«a  being 
used  with  about  0.8  CU.  yds.  sand  par  running  foot.  The  cants  required 
Bimut  282  ft.  B.  M.  per  running  toot.  The  contract  price  for  the  aection 
runnlDg  between  E.  fllst  St.  and  E.  67th  SI.  was  135.97  per  tin.  ft.  and  for  the 
section  running  for  E.  67th  St,  to  E.  7flth  St.  it  was  t32.73  per  lin.  ft. 

Cost  of  Water  Worlu  Tuonsls  Through  Tiban  Hill,  newtou,  Haas.-' 
■WliUam  E.  Fobs*  gives  the  fallowing  data  In  Engineering  and  Contracting. 
Jul;  22,  1914. 


TuplcoISeefioninTunneJ  Steel  Pipe     SteelpipeinRock 
'"^  In  Eorth*french         Trench 

4.— Profile  and  sertions  of  pipe  linee  and  prewut*  tunnel  ot  Sect.  7  of  lis 


The  pressure  tunnel  in  rock  through  Waban  Hill  In  Newton,  Maas.,  proflto 
of  which  is  shown  hi  Fig.  4  WHS  carried  on  under  contract  hi  leiO  and  1911,  and 
Included  the  construction  of  2.042  ft.  of  TG-in.  concrete  lined  pressure  tunnel 
hi  rock,  tbe  laying  of  363  ft.  of  SO-hi.  steel  pipes  In  deep  cut  and  lining  tbein 

*A«t.  to  tbe  Chief  Eng..  Metropolitan  Water  &  Sewerace  Board.  Beaton,  Muk 
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with  cement  mortar,  and  the  laying  of  935  ft.  of  60-hi.  cast-iron  water  pipe. 
In  this  article  the  item  numbers  used  in  the  specifications  are  retained. 

The  work  was  begun  May  24,  1910,  and  was  suspended  for  the  winter  on 
December  31  of  that  year.  It  was  resumed  on  April  1  of  the  following  year 
and  completed  on  Nov.  25,  1911. 

Prior  to  July  1,  1911,  the  working  day  included  9  hours,  from  7:30  a.  m.  to 
6  p.  m.  with  H  hour  for  lunch,  with  the  exception  that  during  the  driving  of 
the  tunnel  the  night  shift  worked  from  7:00  p.  m.  to  such  time  as  the  drilling 
was  completed,  with  one  hour  for  lunch.  As  blasting  was  not  allowed  between 
6:30  p.  m.  and  6:30  a.  m.,  the  night  shift  remained  on  the  work  until  the  blast- 
ing was  completed  after  6:30  a.  m.  The  steam  plant  was  operated  continu- 
ously through  the  24  hours,  the  engineers  working  8-hour  shifts. 

After  July  1 ,  19 1 1 ,  all  work  was  conducted  on  an  8-hour  per  day  basis.  The 
work  of  lining  the  ttmnel  with  concrete  was  carried  on  continuously  for  six 
days  per  week.  All  wages  were  substantially  the  same  for  the  8-hour  day  as 
for  the  9-hour  day. 

Steam  plants  for  driving  air  compressors,  for  operating  the  drills,  dynamos, 
for  lighting  the  tunnel,  and  the  engines  for  operating  the  stone  crushers  were 
installed  at  both  ends  of  the  tunnel,  and  the  work  was  carried  on  from  both 
portals. 

Construction  Plant. — ^An  approximate  estimate  of  the  value  of  the  plant  when 
new  is  as  follows: 


Plant  at  East  End  of  timnel: 

2  Erie  City  Iron  Works  75  hp.  horizontal  locomotive  type  boilers, 

54  ins.  (Uameter,  18  ft.  long $1 ,800. 00 

1  Buffalo  Forge  Co.  dynamo  engine 500 .  00 

1  30  kw.  Eddy  120-volt  D.C.  dynamo,  with  appurtenances 500. 00 

1  Rand  Drill  Co.  110  hp.  air  compressor 1 ,650. 00 

1  Air  receiver 45. 00 

1  No.  3  Austin  gyratory  stone  crusher,  conveyor  and  screens, 

complete 1 ,975. 00 

1  Nagle  55  hp.  crusher  engine 535 .  00 

1  Blacksmitlrs  outfit,  complete 65.00 

2  2-in.  Canton  duplex  pumps 120. 00 

1,200  ft.  2-in.  iron  pipe 120.00 

1,200  ft.  ^-in.  iron  pipe 40.00 

1  wooden  water  tank,  4  ft.  by  5  ft 25. 00 

Total  cost  of  plant  at  East  End $7,375. 00 

Plant  at  West  End  of  Tunnel: 

2  Erie  City  Iron  Works  75  hp.  horizontal  locomotive  type  boilers, 

64  ins.  (fiameter,  18  ft.  long $1 ,800.00 

1  Nagle  32  hp.  dynamo  engine 500.00 

1  110-volt  D.C.  dynamo,  with  appurtenances 550. 00 

1  1890  Model  Rand  Drill  Co.  110-hp.  air  compressor 1 , 650. 00 

-     1  Air  receiver 45  rOO 

1  No.  4  Austin  gyratory  stone  crusher,  conveyor  and  screens, 

complete 2 ,  365 .  00 

1  BucKeye  Engine  Co.  50  hp.  crusher  engine 500.00 

1  Friction  hoist 400.00 

260  ft.  ^-in.  cable 45.00 

1  Blacksmith's  oufit,  complete 65 .  00 

1  2-in.  Canton  duplex  pump 60 .  00 

2,800  ft.  2-in.,  1-in.  and  ^-m.  iron  pipe 270.00 

Total  cost  of  plant  at  West  End $8,250.00 
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General  plant: 

15  tons  steel  rails $     600.00 

1  Smith  concrete  mixer,  M  cu.  yd.  capacity 700. 00 

13  3K-in.  Rand  rock  drills 2,795.00 

6  ^-in.  Chicago  Tool  Co.  jap  drills 300.00 

9  columns,  arms,  etc.,  for  rock  drills 450.00 

3  tripods  for  rock  drills 135. 00 

1  Tidewater  Iron  Works  CunnifF  type  grout  machine 200.00 

42  steel  dump  cars,  %  cu.  yd.  capacity 2, 100. 00 

10  slip  scrapers 70. 00 

2  single  dump  carts 150. 00 

1  2-horse  wagon 150. 00 

1  4-ton  differential  hoist 76.00 

1  large  vise 5 .  10 

1  pipe  vise 4 .  00 

2  2-m.  pipe  stocks  and  dies 7.20 

1  lead  heating  outfit 36. 50 

1  breaking  up  plough 24. 50 

6  wheelbarrows 22 .  50 

1  stiff  leg  pipe  derrick 56. 00 

Total  cost  of  General  Plant f  7,881.80 

Total  estimated  value  of  entire  plant  when  new $23, 506. 80 

Total  Coat. — Including  an  allowance  at  the  rate  of  25  per  cent  per  year  on 
this  valuation,  for  interest  and  depreciation  on  the  plant  during  the  time  that 
it  was  in  use,  the  total  cost  of  the  work  exclusive  of  the  expense  of  the  con- 
tractor's Chicago  office,  his  personal  traveling  and  other  expenses,  and  his 
expenses  in  connection  with  the  litigation  and  settlement  of  the  claims  made 
by  several  property  owners  in  the  vicinity  of  the  work  for  alleged  damages 
from  the  blasting,  Is  as  follows: 

Interest  and  depreciation  on  plant %    7 , 386. 81 

Labor  and  teaming,  on  payrolls 47 ,821 .  56 

Materials  and  expenses,  on  bills 43,744. 74 

Expenditures  for  extra  work  not  included  above ....  504 .  88 

Total  expenditures $  99,457.99 

Amount  of  final  estimate 114,472. 13 

Profit f  16,014.14 

Profit  per  cent  of  expenditures 16. 1 

Wages. — The  prices  paid  for  labor  were  as  follows: 

Superintendent,  per  month S200. 00 

Clerk,  per  month 100. 00 

Brick  mason,  per  day $4  .00  and  5. 60 

Blacksmith,  per  day $3 .  50  and  4 .  00 

Calker,  per  clay $3.00  and  3.60 

Carpenter,  per  day 4 .  60 

Drill  runner,  per  day 3 .  50 

Drill  runner's  helper,  per  day 2. 50 

Engineer,  per  day $3 .  00     to        5.00 

Foreman,  per  day $4 .  00  and  6 .  00 

Sub-foreman,  per  day $2. 50  and  3. 00 

Laborers  (per  day); 

Crusher  man,  lead  man,  powder  man,  stableman  and  teamster 2. 50 

Tunnel  man 2.25 

Ordinary 2.00 

Teams  (per  day): 

4-hor8e  hitch,  with  driver  and  helper 12.00 

2-hor8e  cart  and  driver 6.00 

l-horse  cart  with  one  driver  for  two  carts 3.00 

Mules,  cost  of  maintenance  at  contractor's  stable,  per  day 1 .03 


SMALL  TUNNELS  1313 

MateritUt  and  Aft«ceUan«oit«  Expenses. — The  prices  paid  for  materials  and 
miscellaneous  expenses  on  bills  were  as  follows: 


Accidents,  damages,  etc $        48. 64 

Blacksmith  and  jobbing 579. 99 

Bond  premium  ($5  per  anniun  per  $1,000  on  amount  of  contract,  as 

shown  by  canvass  of  bids) 818 .  14 

Briclcs,  at  $9.60  per  M 171 .  50 

Brick  mason 49. 70 

Cement,  delivered  on  work  $1.72  per  bbl.,  including  cost  of  bags — 
actual  net  cost  on  work,  includmg  teaming,  storage,  loss  of  bags 

and  cement  damaged,  7,308  bbls.  at  $1.386 10, 129.21 

Coal— 

1,226  tons  bituminous  at  $3.83  f.  o.  b.  cars  per  gross 

ton $4,694.02 

152  tons  at  $4.60  delivered  on  work  per  gross  ton. . .         698. 63 
Blacksmith,  8.69  tons  at  $4.85 42. 12 

5,434.77 

Drills  and  incidentals 2,394.73 

Dynamite — 

40  %,  951  lbs.  at  $0.1225 $     116. 50 

60%,  25,294  lbs.  at  $0.1625 4,110.29 

Exploders,  2,000  at  $3.48  per  100 68. 60 

4,295.39 

Express 294.95 

Forms  for  concrete  and  mortar  lining,  rental 1, 617 .  00 

Grouting  machine,  rental 18 .  00 

Hay  and  grain 1 ,379. 33 

Insurance 1 ,486. 03 

Jute,  400  lbs.  at  $0.06 24.00 

Lead,  1,050  tons  at  $95.00,  4.772  tons  at  $97.50 565. 10 

Livery 65.93 

Lumber — Georgia  pine  at  $35.00;  hemlock  boards  at  $25.00;  spruce, 

8-in,  and  under,  at  $28.00;  spruce,  over  8-in.,  at  $30.00 2 ,  516. 95 

Oil — Castor  at  $0.35  per  gal.  f.  o.  b.  Boston;  compressor  at  $0.20  per 
gal.,  f.  o.  b.  Boston;  cylinder  at  $0,215  per  gal.,  gasoline  at  $0.15 

per  gal. ;  kerosene  at  $0 . 1 3  per  gal. ,  machine  at  $0. 185  per  gal 502 .  94 

Repairs  to  plant 1 ,079. 25 

Sand — 

Coarse,  1,830.4  cu.  yds.  at  $0.90  delivered  on  work $1 ,  647 .  36 

Fine,  238.3  cu.  yds.  at  $1.25  delivered  on  work 298 .  20 

«      ,.,      .                                                                                1,945.56 

Sand  blastmg  steel  pipe. 701 . 80 

Teaming 1 ,292. 32 

Telephone 231 .  19 

Tools,  hardware  and  miscellaneous 4 ,490. 28 

Transporting  plant > 1 ,  188 .  97 

Water. 428.07 


Total  for  materials  and  miscellaneous $43 ,  744 .  74 


Itemized  and  Unit  Construction  Costs. — The  cost  of  the  various  items  of 
work  under  this  contract,  in  detail,  was  as  follows: 

Item  I. — Top  Soil  Excavation  (1412  cu.  yds.) — Under  this  item  the  top  soil 
was  excavated  from  an  area  of  about  0.95  of  an  acre  for  an  average  depth  of 
1 1  ins.,  where  other  excavations  were  to  be  made  or  embankments  were  to  bQ 
83 
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built.    The  material  was  loosened  with  plows  and  transported  about  180  ft. 
to  spoil  banks  and  slip  scrapers.    The  cost  of  the  work  was  as  follows: 

Cost 

per 

cu.  yd. 

Superintendence  and  general  labor $0.04 

Labor 0.21 

Teaming 0.11 

Small  tools,  etc 0. 02 

Incidental  expenses  and  insurance 0 .  014 

Plant,  interest  and  depreciation 0. 01 

Total  cost .$0,404 

Value  of  work 0. 60 

Profit $0. 196 


Item  2. — Top  Soil  Surfacing  (1390  cu.  yds.) — Under  this  item  an  area  of 
about  1  acre  was  covered  with  loam  from  spoil  banks  to  an  average  depth  of 
6  ins.  at  the  west  end  of  the  tunnel,  and  at  the  east  end  an  area  of  about  0.27 
acre  was  covered  to  an  average  depth  of  1  ft.,  and  another  area  of  about  0.27 
acre  was  covered  to  an  average  depth  of  3  ins.  The  entire  work  was  done 
with  teams.  The  haul  averaged  about  210  ft.  The  cost  of  the  work  was  as 
follows: 

Cost 

per 

cu.  yd. 

Superintendence  and  general  labor $0. 05 

Labor 0.26 

Teaming 0 .  19 

Small  tools,  etc 0.03 

Incidental  expenses  and  insurance ^ 0 .  015 

Plant,  interest  and  depreciation 0 .  001 

Total  cost $0,536 

Value  of  work 0. 546 

Profit $0.01 


Item  3. — Earth  Excataiion  in  Open  Trench  (4184  cu.  yds.) — ^Under  this  item 
about  480  lin.  ft.  of  trench  for  the  60-in.  pipe  line  and  350  lin.  ft.  of  trench  for 
80-in.  pipe  line  was  excavated  at  both  ends  of  the  timnel.  The  trench  for  the 
60-in.  line  averaged  about  8  ft.  in  depth,  and  that  for  the' 80-in.  line  was  made 
in  open  cut  and  varied  from  10  to  25  ft.  in  total  depth  in  earth  and  rock,  the 
depth  of  the  earth  ranging  from  5  to  14  feet.  The  width  of  the  trench  was 
from  20  to  35  ft.  at  the  top  and  10  ft.  at  the  bottom,  and  no  attempt  was 
made  to  brace  the  sides,  which  were  allowed  to  take  a  natural  sloi)e.  The 
earth  was  loosened  with  picl^s  and  shoveled  into  cars,  which  were  hauled  by 
mules  to  the  spoil  banks.  The  haul  averaged  about  350  ft.  The  earth  exca- 
vated in  the  80-in.  pipe  trench  at  the  east  end  of  the  tunnel  was  a  compact 
binding  gravel;  so  hard  that  dynamite  was  used  in  loosening  it.  The  large 
percentage  of  loss  on  this  item  was  due  to  the  extremely  hard  material  in  the 
80-in.  pipe  trench  at  the  east  end  of  the  tunnel,  and  to  the  nature  of  the  mate- 
rial in  the  60-in.  pipe  trench  at  this  end  which  was  largely  a  mixture  of  stone 
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chips  and  day  and  was  hard  to  excayate  and  brace.    The  cost  of  the  vrotk  was 
as  follows: 


Cost 
per 
Item  cu.  yd. 

Superintendence  and  general  labor $0. 11 

Labor 0. 64 

Teaming 0.05 

Lumber  for  bracing 0 .  01 

Small  tools,  ^tc 0.07 

Incidental  expenses  and  insurance 0 .  04 

Plant,  interest  and  depreciation 0 .  02 

Total  cost $0. 94 

Value  of  work 0 .  52 


Loss 10.42 


•  Item  4. — Roek  Excav<Uion  in  Open  Trench  (788  eu.  yds.) — ^About  two-thirds 
of  the  rock  excavation  under  this  item  was  in  the  deep  open  cut  at  the  east 
end  of  the  tunnel,  where  the  rock  was  extremely  hard.  On  account  of  the 
liberal  dimensions  of  the  trench  and  the  isolated  location,  conditions  were 
favorable  for  excavating  the  rock  cheaply.  The  rock  was  loaded  on  cars  and 
transported  by  mules  to  the  crusher.  The  haul  averaged  about  380  ft.  The 
cost  of  the  work  was  as  foUows: 

Cost 
per 
Item  cu.  yd. 

Superintendence  and  general  labor : . . . .  10. 20 

Labor 1.11 

Teaming , 0. 10 

Explosives 0 .  19 

Drill  incidentals : 0.26 

Small  tools,^  etc 0. 16 

Incidental  expenses  and  insurance ^  0 .  10 

Rant- 
Transportation  erection,  repairs,  operation  and  dismaniliag 0.94 

Interest  and  depreciation , 0. 27 

Total  cost $3. 32 

Value  of  work 3 .  26 

Loss , $0 .  06 


Item  5. — Refitting  Open  Trenchee  and  Building  Embankments  (8,669  cu.  yds.) 
In  refilling  the  pipe  trenches  and  building  embankments  selected  Bne  mate- 
rial thoroughly  consolidated  with  rammers  and  tamping  irons  was  used  for 
bedding  the  pipe.  The  remainder  of  the  material  was  delivered  from  the 
spoil  bank  in  cars  and  was  spread  in  6-in.  layers.  About  one^ourth  of  the 
material  paid  for  imder  this  item  was  a  sharp  sandy  gravel  from  the  spoil 
bank  of  the  surplus  material  from  the  60-in.  i^pe  trendi  on  the  adjoining 
section  to. the  west..    The  remainder  of  the  material  was  a  clayey  gravel 
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excavated  from  Uie  trenches.  The  average  haul  for  this  work  was  about  300  ft. 
The  cost  of  the  work  was  as  follows: 

Cost 
per 
Item  cu.  yd. 

Superintendence  and  general  labor $0 .  05 

Labor 0. 33 

Teaming. 0. 03 

Small  tools,  etc 0 .  03 

Incidental  expenses  and  insurance 0. 025 

Plant,  interest  and  depreciation 0. 009 

Total  cost $0,474 

Value  of  work 0. 554 

Profit $0. 08 


Item  6. — Tunnel  Excavation  (2,042.5  lin.  ft.:  6,125  cu.  yds.) — The  tunnel  was 
excavated  in  rock  for  the  entire  length  of  2042.5  lin.  ft.  The  volume  of  mate- 
rial excavated  was  6,125  cu.  yds.  whicii  is  equivalent  to  an  average  excavation* 
of  3  cu.  yds.  per  lineal  foot.  The  average  cross-sectional  area  of  81  sq.  ft.  is 
equivalent  to  the  area  of  a  circle  10.15  ft.  in  diameter,  and  as  the  established 
line  for  tunnel  excavation  provided  for  an  excavation  9  ft.  in  diameter,  with 
a  cross-sectional  area  of  63.62  sq.ft.  the  actual  cross-section  exceeded  the 
established  section  by  17.38  sq.  ft.,  or  about  27  per  cent.  It  was  provided  that 
the  excavation  should  be  trimmed  so  that  the  minimum  distance  from  the 
axis  of  the  tunnel  to  the  rock  should  be  3  ft.  11  ins.,  which  would  leave  9  ins. 
as  a  minimum  thickness  for  the  concrete  lining.  Very  little  trimming  was 
necessary. 

For  a  distance  of  600  ft.  from  the  easterly  portal  the  timnel  was  excavated 
in  hard  trap  .rock.  For  the  remainder  of  the  distance  the  excavation  was  in 
conglomerate  with  quartzite  pebbles  varying  from  3  or  4  ins.  to  K  in.  in  diam- 
eter. The  felsite  cement  was  very  hard  in  some  places  and  extremely  soft  at 
other  points,  where  -it  had  changed  to  kaolin.  About  75  ft.  from  the  west 
portal  a  seam  of  clayey  gravel  was  encountered  in  the  roof  of  the  tunnel,  uid 
it  was  necessary  to  support  the  roof  on  timbers  for  a  distance  of  about  26  ft. 
Timbering  was  also  necesssary  at  five  other  points  to  support  the  side  of  the 
tunnel  where  the  excavation  broke  tl^ough  into  the  loos^y  backfilled  shafts 
of  the  old  Cochituate  Aqueduct  tunnel,  which  is  located  about  9  ft.  south  of 
and  20  ft.  below  the  new  tunnel.  This  old  tunnel  was  constructed  by  the 
city  of  Boston  in  1848.  At  one  of  the  old  shafts  the  entire  filling  caved  into 
the  ttmnel  and  had  to  be  removed.  Less  drilling  and  explosives  were  required 
for  the  excavation  of  the  trap  rock  than  for  the  conglomerate,  but  it  frequently 
broke  wide  of  the  desired  line  and  formed  an  unnecessarily  large  section,  whic^ 
delayed  the  progress  of  the  work  because  of  the  increased  quantity  of  material 
to  be  moved  and  the  caution  required  to  prev^it  accidents  frcmi  falling  rocks. 
The  work  was  carried  on  at  both  headings  with  day  and  night  shifts.  From 
15  to  21  holes  from  5  to  6  ft.  in  depth  were  drilled  and  blasted  per  ^lift  at 
each  heading.  The  force  usually  employed  included  about  12  men  and  1 
mule.  The  progress  d>veraged  about  5  ft.  per  shift  at  eadi  heading.  The 
drilling  was  done  with  IngersoU^Rand  drills  mounted  on  vertical  columns  and 
operated  by  compi^essed  air  under  a  pressure  of  about  100  lbs.  per  square  incdi. 
The  following  cost  of  the  tunnel  excavation  indndes  the  cost  of  loading  the 
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excavated  material  on  cars  and  transporting  it  to  the  crusher  or  dumps  by 
mules.    The  haul  averaged  about  750  ft. 

CoBt  per    Coet  per 
Item  lin.  ft.       cu.  yd. 

Superintendence  and  general  labor $1 .  13  $0. 38 

Labor 6.40  2.13 

Teaming 0.62  0.21 

Explosives 2.03  0.68 

Lumber 0.06  0.02 

Drill  repairs 1 . 08  0. 36 

Small  tools,  etc 0.96  0.32 

Incidental  expenses  and  insurance 0. 78  0.26 

Plant- 
Transportation,  erection,  repairs,  operation  and  dismant- 
ling   5.43  1.80 

Interest  and  depreciation 1 .  85  0 .  62 

Total  cost $20. 33         $6. 78 

Value  of  work 25.01  8.33 

Profit $4.68         $1.55 

Item  7. — Crushing  Stone  (9,779  cu.  yds,) — ^About  80  per  cent  of  all  the  rock 
excavated  was  crushed.  At  the  east  portal  the  rock  was  deUvered  directly  on 
the  crusher  platform  and  at  the  west  portal  the  rock  was  hauled  from  the 
tunnel  in  cars  which  were  left  in  the  open  cut  at  the  foot  of  an  incline,  up  which 
they  were  hauled  to  the  crusher  platform  by  a  friction  hoist  operated  by  the 
crushing  machinery.  At  both  crushers  the  product  was  screened  and  separ- 
ated into  three  sizes,  one  including  stones  2  ins.  to  ^  in.  in  diameter,  another 
stones  ^4  to  >^  in.  in  diameter,  and  the  remaining  portion  included  all  materials 
less  than  >^  in.  in  diameter.  At  the  east  portal  it  was  necessary  to  haul  about 
70  per  cent  of  the  product  about  }pQ  ft.  to  storage  piles,  and  at  the  west  portal 
the  entire  product  was  hauled  about  125  ft.  to  storage  piles.  Most  of  the 
rock  was  delivered  to  the  crusher  in  convenient  size  for  crushing  and  very  little 
hand  breaking  of  material  was  necessary.  The  large  crusher  at  the  West 
I>ortal  was  operated  during  the  day  only  and  crushed  the  24-hour  output  from 
the  tunnel  easily,  as  there  were  ample  storage  facilities  for  the  muck  at  this 
place.  At  the  east  portal,  on  account  of  the  limited  storage  facilities  and 
smaller  size  of  the  crusher,  it  was  necessary  to  operate  the  crusher  during 
both  shifts.    The  cost  of  the  work  was  as  follows; 

Cost 
per 
Item  cu.  yd. 

Superintendence  and  general  labor $0. 03 

Labor 0. 17 

Teaming .  0. 02 

Small  tools,  etc 0. 03 

Incidental  expenses  and  insurance 0.013 

Plants 

Transportation,  erection,  repairs,  operation  and  dismantling 0.15 

Interest  and  depreciation 0 .  19 

Total  cost $0. 603 

Value  of  work 0. 75 

Profit $0. 147 

Item  8. — Portand  Cement  Concrete  Masonry  in  Tunnel.  (2,330  cu.  yds.  were 
placed  within  the  line  of  the  established  excavation;  144  cu.  yds.  were  placed 
in  old  shafts;  1,268  cu.  yds.  were  placed  beyond  line  of  established  excavation 
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but  only  50  per  cent  of  this  last  amount.was  estimated  for  payment,  according 
to  terms  of  the  contract;  total,  3,742  cu.  yds.) 

The  3,742  cu.  yds.  of  concrete  placed  in  lining  the  tunnel  is  equivalent  to  an 
average  of  1.83  cu.  yds.  per  linear  foot.  The  concrete  was  mixed  in  the  pro- 
portion of  380  lbs.  of  Portland  cement,  8  cu.  ft.  of  loosely  compacted  sand,  and 
15  cu.  ft.  of  loosely  compacted  mixture  of  2-in.  and  H-in.  size  crushed  stone, 
giving  a  1:2.22:4.17  mixture.  The  concrete  was  mixed  in  a  steam-driven 
Smith  mixer  of  H-ca.  yd.  capacity,  set  on  the  platform  at  the  tunnel  so  that 
the  concrete  was  discharged  directly  into  cars  which  were  run  through  to  the 
point  where  the  lining  was  being  placed.  The  concrete  was  dumped  upon  a 
temporary  floor  of  steel  plates  inside  of  the  circular  forms  which  consisted  of 
channel  iron  ribs  spaced  5  ft.  on  centers,  to  which  the  curved  side  plates  were 
bolted.  The  concrete  was  shoveled  from  the  floor  into  the  space  between  the 
forms  and  the  rock  walls  and  was  thoroughly  spaded  and  churned.  Successive 
side  plates  were  bolted  to  the  ribs  as  the  work  progressed,  and  this  portion  of 
the  work  was  completed  by  fllling  the  key  space  at  the  top,  the  keying  plates 
being  2.5  ft.  in  length,  so  that  the  concrete  could  be  firmly  packed.  One 
himdred  and  fifty  linear  feet  of  forms  were  used,  and  as  no  inside  braces  were 
required  cars  could  be  run  through  them.  The  forms  made  the  mould  for 
the  entire  cross-section  of  the  tunnel,  except  the  invert  strip  which  was  2.5 
ft.  wide.  In  placing  the  concrete  the  bottom  layer  was  put  in  to  within  1  ft. 
of  the  invert.  The  side  walls  and  key  were  then  filled  and  the  2.5  ft.  wide 
invert  was  placed  later. 

In  the  westerly  portion  of  the  timnel  the  bottom  layer  was  placed  on  both 
sides  of  the  track,  which  was  left  supported  on  a  central  strip  of  muck  which 
was  later  removed,  just  before  placing  the  invert. 

In  the  easterly  portion  of  the  tunnel  the  track  was  thrown  to  one  side  while 
the  bottom  layer  of  concrete  was  placed  ^n  the  opposite  side.  The  track 
was  then  shifted  on  to  the  concrete  already  placed  and  concrete  was  then 
placed  on  the  other  side.  The  work  was  carried  on  in  three  8-hour  shifts. 
Forms  were  removed  and  set  up  in  one  shift  and  concrete  was  placed  during 
the  remaining  16  hours.  The  average  progress  per  24  hours  was  about  35 
lin.  ft.  of  completed  section,  except  for  the  2.5  ft.  invert  strip  which  was  placed 
and  finished  to  line  with  a  screed  after  the  track  and  forms  were  removed. 

The  concrete  was  transported  an  average  distance  of  620  ft.  and  the  crushed 
stone  an  average  distance  of  240  ft.  from  the  storage  pile  to  the  mixer.  The 
sand  and  cement  were  usually  delivered  to  within  a  short  distance  of  the  mix- 
ing platform. 

,  The  cost  of  this  work  has  been  sub-divided  to  show  the  cost  of  forms  sepa- 
rate from  the  cost  of  mixing  and  placing  the  concrete,  as  follows: 

Cost 
per 
Item  cu.  yd. 

Forms: 

Superintendence  and  general  labor $0. 08 

Labor 0.46 

Teaming 0. 06 

Lumber 0.03 

Small  tools,  etc 0. 07 

Incidental  expenses  and  insurance 0 .  06 

Rental  and  transportation  of  forms 0.40 

Plant- 
Transportation,  erection,  repairs,  operation  and  dismantling 0.38 

Interest  and  depreciation 0 .  06 

Total  cost $1.59 
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Cost 
per 

li^m  cu.  yd. 
Mixing  and  placing  concrete: 

Superintendence  and  general  labor *. $0. 20 

Labor 1 .  13 

Teaming 0.11 

Sand 0.38 

Cement 2.11 

Small  tools,  etc 0 .  17 

Incidental  expenses  and  insurance 0 .  13 

Plant — 

Tratasportation,  erection,  repairs,  operation  and  dismantling 0 .96 

Interest  and  depreciation 0 .  27 

Total  cost $5.46 

Total. 

Superintendence  and  general  labor $0. 28 

Laoor 1 .  58 

Teaming 0 .  17 

Lumber 0 .  03 

Sand 0 .  38 

Cement : 2.10 

Small  tools,  etc 0 .  24 

Incidental  expenses  and  insurance 0.19 

Rental  and  transportation  of  forms 0.40 

Plant- 
Transportation,  erection,  repairs,  operation  and  dismantling 1 .  35 

Interest  and  depreciation 0. 33 

Total  cost $7.05 

Value  of  work 8 .  44 

Profit $1 .39 


Item  9. — Portland  Cement  Concrete  Masonry  in  Open  Trench  (451  cu.  yds.) — 
With  the  exception  of  a  little  concrete  used  for  anchorages  and  backing  on  the 
60-in.  cast-iron  pipe  line,  the  concrete  masonry  placed  in  open  trenches  was 
used  for  covering  the  80-in.  steel  pipe  line.  The  quantity  used  for  this  purpose 
averaged  about  0.84  cu.  yd.  per  linear  foot  of  pipe  line.  This  concrete  was 
mixed  in  the  proportion  of  380  lbs.  of  Portland  cement  to  10  cu.  ft.  of  loosely 
compacted  sand  and  18  cu.  ft.  of  a  loosely  compacted  mixture  of  2-in.  and  ^- 
in.  size  crushed  stone,  making  a  1 :2.78:5  mixture. 

At  the  west  portal  the  concrete  was  hand  mixed  and  as  the  trench  was  almost 
entirely  in  earth,  wooden  forms  were  used  for  the  entire  section.  At  the  east 
portal,  where  the  trench  was  almost  entirely  in  rock,  the  concrete  was  placed 
up  to  the  springing  line  of  the  arch,  without  forms,  wooden  forms  being  used 
for  the  remainder  of  the  section.  At  this  place  the  concrete  was  mixed  in  a 
steam-driven  Smith  mixer  and  hauled  about  100  ft.  Before  constructing 
the  forms  and  placing  concrete  aroimd  the  steel  pipe,  it  was  braced  inside  to 
true  circular  form,  and  the  outside  was  cleaned  to  bright  iron  with  a  sand 
blast  and  then  painted  with  a  thick  coat  of  cement  paint  made  by  mixing  10 
lbs.  of  cement  with  5  lbs.  of  water.  Holes  were  left  in  the  concrete  at  the 
top  of  the  pipe,  through  which  the  cement  mortar  lining  was  placed  later. 

The  cost  of  the  work  has  been  sub-divided  to  show  the  cost  of  forms  separate 
from  the  cost  of  mixing  and  placing  the  concrete,  as  follows: 


J 
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Coet 
per 
Item  cu.  yd. 

Forms: 

Superintendence  and  general  labor SO.  12 

Labor 0.65 

Teaming 0.05 

Lumber 0.20 

Small  tools,  etc 0.07 

Incidental  expenses  and  insurance 0.04 

Plant,  interest  and  depreciation 0.001 

Total  cost $1. 131 

Mixing  and  placing  concrete: 

.    Superintendence  and  general  labor SO. 27 

Labor 1 .  50 

Teaming 0. 13 

Sand 0.63 

Cement 1.63 

Sand  blasting ^ 0.78* 

Small  tools,  etc 0 .  20 

Incidental  expenses  and  insurance 0. 12 

Plant- 
Transportation,  erection,  repairs,  operation  and  dismantling 0. 60 

Interest  and  depreciation 0.07 

Total  cost S5.83 

Total: 

Superintendence  and  general  labor SO. 39 

Labor 2. 15 

Teaming 0. 18 

Lumber * .' 0.20 

Sand 0.  53 

Cement 1 .  63 

Sand  blasting  outside  of  80-in.  pipe 0. 78 

Small  tools,  etc 0.27 

Incidental  expenses  and  insurance 0. 16 

Plant- 
Transportation,  erection,  repairs,  operation  and  dismantling 0. 60 

Interest  and  depreciation 0.07 

Total  cost S6.96 

Value  of  work 6.43 

Loss SO. 63 

•  Cost  per  sq.  ft.  of  surface  cleaned  =»  4.6  cts. 

Item  10. — Brick  MoBonry  (36  cu.  yds.) — This  item  included  brick  masonry 
used  in  constructing  valve  chambers  and  raising  manholes  on  the  Cochituate 
Aqueduct.     The  cost  of  the  work  was  as  follows: 

Cost 
per 

Item  ou.  yd. 

Superintendence  and  general  labor S  0.84 

Labor 6. 12 

Sand,  obtained  on  work 0. 14 

Cement 2. 19 

Bricks 4.62 

Small  tools,  etc 0. 53 

Incidental  expenses  and  insurance 0.34 

Plant,  interest  and  depreciation 0.01 

Total  cost S14.79 

Value  of  work 15.59 

Profit S  0.80 

Item  11. — Cement  Orout  in  Tunnel  (292  cu.  yds.) — When  the  concrete  tunnel 
lining  was  placed,  l^-in.  steel  pipes  with  couplings  on  the  outer  ends,  which 
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were  temporarily  plugged  with  wood,  were  run  into  all  seams  and  cavities 
which  could  not  be  properly  filled  with  concrete.  The  spacing  of  the  grout 
pipes  was  governed  to  a  large  extent  by  the  character  of  the  walls  of  the  tunnel 
at  various  points.  Extra  pipes  were  placed  at  each  of  the  old  shafts  on  the 
Cochituate  Aqueduct,  and  in  the  section  where  the  roof  was  supported  by 
timbers  in  the  gravel  about  76  ft.  from  the  west  portal.  Under  ordinary 
cqaditions  the  average  distance  between  grout  pipes  was  about  20  ft.  The 
pipes  and  couplings  were  furnished  by  the  Commonwealth.  The  specifica- 
Uona  provided  that  grout  pipes  should  be  placed  so  that  all  voids  could  be 
filled  without  forcing  the  grout  more  than  10  ft.  in  any  direction,  but  it  was 
foimd  that  the  grout  actually  traveled  much  greater  distances. 

The  grouting  was  not  begun  imtil  after  the  lining  was  entirely  completed 
and  the  concrete  had  attained  considerable  strength  and  most  of  the  shrinkage 
cracks  had  developed.  It  was  required  that  the  sand  used  for  grouting  should 
all  pass  through  a  sieve  having  64  meshes  per  square  inch,  and  that  at  least 
40  per  cent  should  pass  through  a  sieve  having  1  600  meshes  per  square  inch. 
In  making  the  grout  4  cu.  ft.  of  sand  was  mixed  dry  with  380  lbs.  of  Portland 
cement.  The  mixed  material  was  then  divided  into  nine  equal  parts  and  put 
up  in  bags  in  which  it  was  transported  to  the  point  where  grouting  was  in 
progress.  Three  bags  of  this  material  and  1.2  cu.  ft.  of  water  were  used  in 
charging  the  grout  machine.  The  machine  was  a  tight  steel  cylinder  about 
4  ft.  high  and  18  ins.  in  diameter,  with  a  1-in.  connection  for  admitting  the 
compressed  air,  and  a  2M-in.  outlet.  It  was  charged  through  an  opming  at 
the  top  provided  with  a  heavy  cover  fitted  with  a  rubber  gasket.  The  cran- 
pressed  air  for  operating  the  machine  was  obtained  from  the  plant  at  the  east 
portal,  which  at  this  time  it  was  necessary  to  keep  in  operation  solely  for  this 
purpose.  The  pressure  averaged  about  80  lbs.  per  square  inch.  The  grout 
was  mixed  by  turning  in  compressed  air  at  the  bottom,  which  kept  the  mixture 
"boiling"  and  prevented  the  sand  and  cement  from  settling  and  choking  the 
outlet  pipe.  About  0.14  cu.  yd.  of  grout  was  used  per  linear  foot  of  tunnel. 
Three  hundred  and  eighty  poimds  of  cement  made  about  0.9  cu.  yd.  of  grout. 
The  amount  of  grout  required  was  probably  increased  about  25  per  cent  on 
account  of  the  amount  required  at  the  old  Cochituate  Aqueduct  shafts  and 
at  the  point  where  timl)ering  was  required  near  the  west  portal  of  the  tuimel. 
The  cost  of  the  work  was  as  follows: 

Cost        Cost 
'  per  per 

Item  cu.  yd.     lin.  ft. 

Superintendence  and  general  labor S  0 .  60  $0 .  09 

Labor 3.34  0.48 

Teaming 0.01  0.002 

Sand 0.76  0.11 

Cement 4.58  0.65 

Small  tools,  etc 0.  50  0.07 

Incidental  expenses  and  insurance 0 .  30  0 .  04 

Rental,  transportation  and  repairs  of  grout  machine 0. 09  0. 013 

Plant- 
Transportation,    erection,    repairs,    operation    and    dis- 
mantling., t 2.83       0.40 

Interest  and  depreciation 0 .  22      0 .  03 

Total  cost $13. 23     $1 .884 

Value  of  work 12. 66       1 .810 

Loss $0.57     $0,074 
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Item  12. — Cement  Mortar  Lining  of  80-Jn.  SUd  Pipe  (363  Kn.  ft,) — ^The 
mortar  lining  for  the  80-in.  steel  pipe  was  made  2  ins.  thick  and  was  cast  in 
place  by  pouring  a  thin  mortar  into  the  space  between  the  steel  pipe  and  a 
central  collapsible  steel  form  of  the  Blaw  type,  which  was  held  in  correct  posi- 
tion by  means  of  adjustable  bolts,  located  around  the  circumference  of  the 
form  and  which  were  brought  to  a  bearing  iq>on  the  steel  pipe  so  as  to  provide 
the  desired  2-in.  space  for  the  mortar.  The  forms  were  made  in  sections  7  ft. 
long,  each  section  consisting  of  five  circular  segments  bolted  together  with  an 
adjustable  wooden  key  piece  at  the  top.  The  mortar  was  poured  through  2- 
in.  holes  in  the  top  of  the  pipe,  the  lining  being  cast  in  sections  14  ft.  long, 
without  interruption  in  the  flow  of  mortar  alter  the  pouring  of  a  section  was 
once  started. 

The  end  of  the  section  was  closed  by  means  of  a  hose  extending  around  the 
circumference  and  expanded  by  means  of  water  pressure,  forming  a  bulkhead 
at  the  end  of  the  annular  space  between  the  «teel  pipe  and  the  form. 

Before  setting  up  the  forms,  the  interior  of  the  pipe  was  cleaned  to  bright 
iron  with  a  sand  blast  and  it  was  then  painted  with  a  cement  wash  in  the  same 
manner  as  the  outside  of  the  pipe,  described  under  Item  9.  The  mortar 
was  mixed  in  the  proportion  of  1  part  of  Portland  cement,  two  parts 
of  sand  and  water  amounting  to  about  25  per  cent  ot  the  volimie  of  these 
materials. 

On  account  of  the  short  length  of  pipe  to  be  lined,  the  mortar  was  mixed 
by  hand  in  barrels  supported  on  a  wooden  platform  above  the  top  of  the  pipe. 
One  cubic  yard  of  mortar  required  four  barrels  of  cement,  and  was  sufficient 
for  lining  7.9  ft.  of  the  pipe. 

The  cost  of  the  work  has  been  sub-divided  to  show  the  cost  of  forms  separate 
from  the  cost  of  mixing  and  pouring  the  lining,  as  shown  in  Table  IX. 


Table  IX.— Cost  op  Placing  2-In.  Mobtab  Lining  op  80-In.  Stbbl  "Pm 

Cost  pet 

Cost  per   8q.  ft. 
lin.  ft.     surface 
Item  of  pipe    covered 

Forms: 

Superintendence  and  general  labor $0. 13 

Labor 0.74 

Teaming 0.04 

Small  tools,  etc 0.08 

Incidental  expenses  and  insurance 0.05 

Rental,  transportation  and  repairs  of  forms 0.77 

Plant,  interest  and  depreciation 0 .  002 

Total  cost $1,812     $0,086 

Mixing  and  pouring  lining: 

Superintendence  and  general  labor $0. 12 

Labor 0. 67 

Sand  blasting 0.97  ' 

Sand 0.21 

Cement 0.74 

Small  tools,  etc 0.07 

Incidental  expenses  and  insurance 0.05 

Plant,  interest  and  depreciation 0. 002 

Total  cost $2,832     $0. 185 
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Taslb  IX.—^orUinued 

Cost  per 

Cost  Cost       sq.  ft.  of 

per  per        surface 

ou.  yd.  lin.  ft.      covered 
Total: 

Superintendence  and  general  labor $  1 . 97  $0. 25 

Labor 11.10  1.41 

Teaming 0.29  0.04 

Sandblasting 7.62  0.97 

Sand 1.66  0.21 

Cement 6.80  0.74 

Small  tools,  etc 1 . 24  0. 16 

Incidental  expenses  and  insurance 0. 79  0. 10 

Rental,  transportation  and  repair  of  forms 6 .  03  0 .  77 

Plant,  interest  and  depreciation 0.03  0.004 

Total  cost S36;53     $4,644     $0,222 

Value  of  work 45.60      5.78        0.276 

Profit : $8.97     $1,136     $0,064 

Items  13  and  16. — Laying  60-Jn.  Cast  Iron  Pipe  (935  lin.  ft.) — The  work  of 
laying  the  60-iii.  cast  iron  pipes  included  the  teaming  of  the  pipes  about  two 
miles,  unloading  them  from  the  wagons  and  laying  them  in  trenches,  including 
the  furnishing  of  all  materials  required.  The  excavation  and  refilling  of  the 
trendies  was  paid  for  under  Items  3.  4  and  5.  The  cost  of  the  portion  of  the 
work  included  under  these  items  was  m  follows: 

Cost 
per 
Item  lin.  ft. 

Superintendence  and  general  labor $0. 23 

Labor 1 .  30 

Teaming 0.38 

Jute 0.03 

Lead 0.60 

Blocking  and  wedges 0 .  14 

Small  tools,  etc 0.02 

Incidental  expenses  and  insurance >. 0 .  05 

Plant,  interest  and  depreciation 0 .  003 

Total  cost $2,753 

Value  of  work 2. 113 

Loss $0.64 

The  cost  of  teaming  the  x4l^  was  $0.38  per  ton  mOe. 

Item  14. — Laying  80-Jn.  Steel  Pipe  (363  lin.  ft.) — The  80-in.  steel  pipe  was 
delivered  to  the  contractor  in  sections  20  it.  in  length  and  was  hauled  by  him 
to  the  work,  a  distance  of  about  two  miles.  It  was  necessary  to  roll  the  pipes 
on  skids  for  an  average  distance  of  100  ft.  from  the  point  of  delivery  to  place 
them  in  position.  The  steel  pipes  were  furnished  by  the  Hodge  Boiler  Works 
of  East  Boston,  and  were  placed,  riveted  together,  lined  and  covered  by  the 
contractor  for  building  the  timnel.  Each  20-ft.  section  of  the  pipe  was  made 
of  three  alternately  large  and  small  courses,  esxh  course  being  formed  of  a 
single  sheet  of  flange  steel  6  ft.  11  ins.  wide  and  He  in.  thick.  The  longitudi- 
nal joints  were  lapi>ed  4H  ins.  and  double-riveted  with  H-in.  rivets  spaced 
2^  ins.  from  center  to  center.  The  circular  joints  were  lapped  2H  ins.  and 
single-riveted  with  ^-in.  rivets  spaced  about  2H  ins.  on  centers.  At  intervals 
of  about  40  ins.,  pads  6  ins.  in  diameter  and  H  in.  in  thickness  were  riveted  on 
top  of  the  pipe,  through  each  of  which  was  driUed  and  tapped  a  hole  for  a  2-in. 
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diameter  steel  plug.  As  prevfously  stated  these  2-iii.  holes  were  used  for 
introducing  the  Portland  cement  mortar  for  lining  the  steel  pipe.  At  the 
junction  between  the  76-in.  mortar-lined  steel  pipes  and  the  60-in.  cast  iron 
pipes,  76  X  60-in.  cast  iron  branches  were  set  and  the  60-in.  outlet  capped  for 
future  use  when  an  additional  main  shaU  be  required.  The  cost  of  the  work 
under  Item  14  was  as  follows: 

Coet 
per 
Item  lin.  ft. 

Superintendenoe  and  general  labor $0. 374 

Labor,  laying  pipes 1 .  08 

Labor,  riveting 1 .03 

Teaming 0 .  20 

Small  tools,  etc 0. 234 

Incidental  expenses  and  insurance 0. 15 

Plant,  interest  and  depreciation 0. 004 

Total  coet .* $3,072 

Value  of  work 3 .  376 

Profit $0,304 

The  cost  of  teaming  the  pipe  was  $0.62  per  ton  mile. 

Item  16. — Extra  Work. — The  extra  work  required  under  the  contract  in- 
cluded the  excavation  and  timbering  of  six  old  shafts  on  the  Cochituate  Aque- 
duct tunnel,  where  the  excavation  for  the  new  tunnel  broke  through  into  these 
old  shafts,  and  also  some  miscellaneous  work.  For  this  work  the  contractor 
received  the  actual  cost  of  the  work  plus  16  per  cent,  and  the  total  amount 
paid  imder  this  item  was  $925.89. 

Organization  and  Progress  of  St.  Louis  Water  Works  TunneL — C.  H. 
Hollingsworth,  superintendent  for  the  contractors,  gives  some  interesting 
data  in  regard  to  the  St.  Louis  Waterworks  Tunnel  in  Engineering  and  Con- 
tracting, May  6,  1914,  and  Engineering  Record,  May  9,  1914,  from  which 
articles  the  following  data  are  taken. 

The  timnel  was  driven  in  both  directions  from  a  drainage  shaft  at  the  river 
bank,  the  shore  tunnel  being  537  ft.  long  and  the  river  tunnel  2252  ft. 

When  the  work  became  well  organized  it  was  found  that  with  only  one  shot 
in  eight  hours  there  was  considerable  spare  time.  About  If^  hours  were 
required  to  muck  out  the  heading,  H  hour  to  set  up,  3  hours  to  drill  the  round 
of  holes,  from  H  to  ^  hour  to  blow  out  and  load  and  from  50  minutes  to  1 
hour  to  shoot.  This  left  from  1  to  IH  hours  idle  time  per  shift,  part  of  which 
was  taken  up  in  clearing  out  the  smoke.  The  smoke  was  taken  care  of  by  a 
No.  2  Roots  reversible  blower  with  10-in.  opening. 

Arrangement  of  Holes. — If  it  had  been  possible  a  longer  round  would  have 
been  drilled  to  take  up  the  spare  time.  As  it  was,  however,  an  8-f t.  round  was 
drilled  and  would  not  break  the  ground  to  advantage.  The  trouble  was  that 
the  tunnel  was  so  narrow  that  it  was  impossible  to  give  the  cut  holes  much  of 
an  angle  with  each  other.  A  center  cut  of  six  holes,  three  on  each  side,  was 
adopted  after  several  other  methods  had  been  tried.  The  arrangement  ctf 
the  holes  used  through  the  greater  part  of  the  work  called  for  sixteen  holes, 
but  occasionally  seventeen  were  drilled.  By  drilling  a  6  or  7-ft.  cut  and  a  4  or 
5-ft.  side  round  the  ground  could  be  broken  with  less  powder. 

Late  in  December  a  schedule  of  four  shots  in  twenty-four  hours  was  started. 
Working  this  way  the  day  shift  came  on  at  8  a.  m.  when  the  preceding  shift 
had  finished  shooting.    They  mucked  out  the  heading,  set  up,  drilled  and  fin- 
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shed  shooting  at  2  p.  m.  Then  they  mucked  out  and  set  up  the  machines 
-e&dj  for  the  next  shift.  The  4-to-12  shift  drilled  a  round  and  finished 
ihooting  it  about  8  p.  m.,  and  then  mudced  out,  set  up  and  drilled  ten  or 
twelve  holes  on  the  second  round  before  midnight.  The  12-to-8  shift  then 
?anie  on  and  finished  the  drilling  of  the  round  and  shot  it  about  2  a.  m., 
%tteT  which  they  mucked  out,  set  up,  drilled  and  shot  another  round  before 
i  o'clock. 

While  it  was  found  that  after  getting  this  system  working  the  gangs  had 
plenty  of  time  for  the  various  operations,  the  scheme  never  worked  satisfac- 
torily, for  the  reason  that  it  is  never  advisable  for  one  shift  to  leave  work  for 
the  next  shift  to  complete.  For  instance,  the  way  in  which  the  coliunns  were 
set  up  by  the  day  shift  never  suited  the  4-to-12  shift  and  they  often  tore  them 
down  and  reset  them,  while  the  12-to-8  shift  was  always  displeased  about  the 
way  the  4-to-12  shift  started  the  round  of  holes  and  claimed  that  they  often 
had  to  drill  some  of  them  over  again. 

The  time  taken  for  the  different  operations  with  four  shots  per  day  was 
about  as  follows:  Mucking  out,  1  hour;  setting  up,  30  minutes;  drilling,  3 
hours;  blowing  out  and  loading,  30  minutes;  shooting,  45  minutes;  blowing  out 
smoke,  15  minutes. 

In  order  to  arrange  so  that  the  shifts  would  each  finish  their  own  work  I 
decided  to  try  two  shots  every  shift,  and  if  necessary  drill  shorter  rounds.  At 
first  a  6-ft.  cut  with  a  4-ft.  side  round  was  drilled,  but  after  the  gangs  had 
shaken  down  to  the  proper  swing  7  and  8-ft.  cuts  and  5  or  6-ft.  side  rounds 
were  drilled.  The  only  extra  men  put  on  to  carry  out  this  schedule  were  an 
extra  helper  in  the  heading  and  a  foreman  and  from  four  to  six  men  on  the  day 
shift  to  fix  track  and  attend  to  the  ditching. 

With  four  shots  per  day  all  three  shifts  used  the  columns  and  when  the  six 
shots  per  day  started  one  of  the  gangs  preferred  the  oolimms  as  the  heading 
foreman  on  that  shift  was  not  familiar  with  the  use  of  the  bar.  The  bar, 
however,  was  finally  used  on  all  three  shifts.  A  4K-in.  bar  10  ft.  long  with 
a  single  screw* was  used  with  four  arms  on  it.  The  machines  were  mounted 
on  clamps  on  these  arms,  two  above  and  two  below  the  bar.  It  was  necessary 
even  with  the  bar  to  muck  out  the  heading  to  a  great  extent  before  setting 
up  the  drills,  as  there  was  positively  no  room  for  even  one  mucker  in  the 
heaiding  after  the  machines  were  up  and  the  heading  gang  working.  To  help 
clear  the  muck  away  from  the  face  after  the  four-shot  schedule  was  started 
two  muck  shots  were  placed  in  the  heading  and  fired  with  the  last  holes  of  the 
round.  These  muck  shots  consisted  of  from  7  to  10  lb.  of  powder  each,  and 
one  was  placed  on  each  side  of  the  tunnel  close  to  the  face. 

When  the  two-shots-per-shift  program  was  in  progress  the  time  was  divided 
about  as  follows:  Mucking  out  heading,  45  minutes;  setting  up,  15  minutes; 
drilling,  2  hours;  blowing  out  and  loading  holes,  20  minutes;  shooting,  30 
jnlnutes;  clearing  out  smoke,  10  minutes. 

Plant. — The  plant  used  on  the  tunnel  work  included  three  76-h.p.  locomo- 
tive-type boilers  suppl3ring  steam  for  the  compressors  for  the  pumps  at  the 
bottom  of  the  shaft  and  for  the  hoisting  engine  for  the  cages.  While  sinking 
tbe  shaft  a  stifileg  derrick  was  used  and  this  was  later  used  on  the  excavation 
for  the  screen  chaml)er.  The  piunps  used  to  take  care  of  the  water  from  the 
tunnel  included  a  Knowles  piston  pump  and  two  duplex  Worthington  plunger 
pumps.  A  Norwalk  two-stage  compressor  was  used,  assisted  later  on  by  a 
single-stage  Ingersoll  compressor.  Current  was  obtained  from  the  city  at 
23O0  volts,  alternating  current,  and  transformed  to  220  volts. 
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Mucking. — ^A  3-ton  General  Electric  storage-battery  locomotive  was  used 
to  handle  the  muck  cars  to  and  from  the  shaft  after  the  headings  had  prog- 
ressed a  few  himdred  feet  from  the  shaft.  The  muck  cars  were  specially 
designed  for  the  work  and  were  wooden  box  cars,  with  a  door  in  one  side  for 
dumping,  and  an  incline  in  the  bottom  of  1  ft.  toward  the  door.  The  bottom 
of  the  car  was  covered  with  steel  plate  and  the  box  itself  was  built  of  2-in.  oak 
well  bolted  together  and  fastened  at  the  comers  with  angle  irons.  At  the 
ends  were  eye-bolts  running  through  the  frame  so  that  the  cars  could  be 
coupled  in  a  train.    Usually  three  cars  were  handled  by  the  locomotive. 

In  the  heading  slick  sheets  of  H-in.  boiler  piste  were  used  to  cover  the  end 
of  the  track  and  to  facilitate  the  shoveling.  In  working  into  the  muck  pile 
only  four  men,  or  occasionally  five,  coidd  work  abreast,  and  even  then  it  was 
necessary  to  select  carefully  the  right  and  left  hand  shovelers  and  keep  them 
on  their  respective  sides.  The  usual  method  was  to  use  four  men  abreast 
with  two  more  on  the  muck  pile  throwing  over  their  heads  and  loosening  up  the 
muck.  Two  more  men  worked  behind  the  car  picking  up  bottom,  fixing  track 
and  helping  dump  the  cars  off  the  track  and  back  on  again.  On  the  locomo- 
tive there  was  a  motorman  and  also  a  switchman,  both  of  whom  helped  dump 
off  cars. 

At  the  bottom  of  the  shaft  were  two  men  -vfho  pudied  the  cars  on  and  off  the 
cages  and  on  top  were  a  top  man  and  three  men  for  pushing  cars.  One  man 
took  care  of  the  pumps  which  were  at  the  bottom  of  the  shaft  and  did  the  pipe 
fitting.  An  extra  gang  consisting  of  a  foreman  and  from  four  to  six  men  was 
employed  on  the  day  shift  cleaning  out  the  ditch  along  the  tunnel  and  laying 
new  track.  All  permanent  track  was  laid  on  the  day  shift.  The  other  two 
shifts  put  down  short  sections  of  rail  temporarily.  From  forty  to  sixty-five 
cars  of  muck  were  taken  out  of  the  one  heading  on  each  eight-hour  shift,  the 
cars  holding  about  1  cu.  yd.  of  muck. 

Organization  and  Wages. — In  the  regular  gangs  on  each  shift  there  were  the 
following  men  at  the  rates  given: 

Force  on  top:  Rate 

Number  and  grade  per  day 

1  compressor  engineer  at $7.00 

1  hoisting  engineer  at 7 .  00 

1  fireman  at 3.20 

1  signal  man  at 2 .  80 

3  top  men  or  car  pushers  at 2.40 

Force  in  the  tunnel: 

1  pump  man  and  pipe  fitter  at 4 .  00 

2  cage  men  at 2 .  80 

1  motor  man  at 4 .  00 

1  switchman  at 2 .  80 

1  muck  foreman  at 4 .  80  . 

6  to  8  muckers  at 2.80 

1  heading  foreman  at 5.00 

4  drill  runners  at 3 .  60 

4  or  5  helpers  at 3 .  00 

1  nipper  at 3. 00 

1  electrician  at 4-00 

Force  of  extra  men  on  Day  Shift  (on  top): 

1  blacksmith  at .' 5. 00 

1  helper  at , 4 .  00 

1  machinist  at 4 .  00 

1  machinist  helper  at 2.40 

In  the  tunnel: 

1  extra  muck  foreman  at 4.80 

4  to  6  extra  muckers  at 2.80 
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Rate  of  Progre88. — ^Taking  all  things  into  consideration,  the  in'ogress  was 
▼ery  satisfactory,  especially  while  making  the  six  shots  per  day. 

During  the  month  from  8  a.  m.  Jan.  21  to  8  a.  m.  Feb.  21  the  progress  was 
744.7  ft.,  and  for  the  best  week,  which  was  the  week  ending  at  8  a.  m.  Feb.  20, 
the  progress  was  184  ft.  This  latter  was  for  the  full  week  of  seven  days  or  21 
shifts.  The  month's  progress,  however,  was  fof  29  days  and  two  shifts,  as 
during  the  31  days  of  the  month  there  were  four  shifts  lost  time.  The  best 
progress  made  in  one  day  was  29.1  ft. 

The  east  heading  was  finished  March  4,  and  a  gang  on  each  shift  was  started 
immediately  cleaning  up  the  bottom  and  trimming.  The  gang  on  each  shift 
consisted  of  a  foreman  and  ten  men  mucking,  besides  one  drill  runner  and 
three  helpers,  with  the  usual  cage  men,  top  men^  etc.  On  March  19  a  second 
gang  was  started  on  each  shift,  there  being  a  foreman  and  ten  men  in  this 
second  gang  also.  One  of  these  gangs  worked  from  the  headii^  toward  the 
shaft  and  the  other  worked  f nnn  the  shaft  toward  the  heading,  and  cm  April  1 
the  trimming  was  completed  and  practically  all  of  the  bottom  had  been  taken 
up.  In  places  there  were  from  50  to  75  ft.  that  required  no  trimming  at  all 
and  less  than  200  ft.  of  the  roof  required  trimming.  On  the  other  hand  there 
was  less  than  100  ft.  of  the  roof  that  was  outside  of  the  11  ft.  circle. 

Bonus  System. — ^A  bonus  system  was  put  in  force  in  the  early  stages  of  the 
work  and  helped  materially  in  the  progress.  A  minimmn  of  72  ft.  of  tunnel 
per  week  was  set  and  for  all  over  that  the  following  bonus  rates  were  paid: 

Cts.  per  ft. 

Heading  foreman 50 

Muck  foreman 30 

Drill  runners 30 

Drill  helpers 20 

Nipper 20 

Muckers  and  cage  men 10 

From  the  total  weekly  progress  ending  every  Friday  morning  at  8  o'clock 
72  ft.  was  subtracted  and  each  shift  received  bonus  on  one-third  of  the  re- 
mainder, each  shift  being  credited  with  one-third  of  the  extra  progress. 

Cost  of  Ttinnel  No.  7  of  the  Los  Angeles  Aqueduct.  — The  following  study 
by  C.  H.  Richards,  Division  Engineer  Little  Lake  Division,  Los  Angeles 
Aqueduct  (Engineering  News,  Nov.  18,  1909)  covers  the  unit  costs  of  driving 
a  timbered  tunnel  during  the  15  day  period  from  Aug.  15  to  Aug.  29,  1909. 
The  figures  refer  to  the  north  heading  only. 

During  this  period  90  ft.  were  driven  in  15  8-hour  shifts.  The  tunnel  is 
approximately  10  X  10  ft.  in  section  and  contains  3H  cu.  yds.  in  place  per 
lineal  foot  to  pay  line.  The  over-breakage  was  about  17  per  cent,  making  a 
total  of  6H  CU'  yds.  of  broken  material  per  foot  of  tunnel. 

The  heading  Is  800  ft.  in  from  the  portal.  It  is  lighted  by  electricity  in  1 10 
volts,  and  ventilated  by  a  No.  3  Champion  blower  through  12-in.  pipe,  the 
heading  being  cleared  in  fifte^i  minutes  after  shooting. 

Drilling  is  done  by  one  No.  7  Leyner  drill,  water  being  forced  through  the 
hollow  steel.  This  drill  used  approximately  66  cu.  ft.  air  per  minute  at  83  lbs. 
pressure,  drilling  holes  to  10  ft.  in  depth. 

Mucking  is  facilitated  by  steel  sheets  laid  down  before  shooting.  The 
muckers  use  No.  3  D-handle  square-point  shovels.  Dirt  is  hauled  away  in  32 
cu.  ft.  rocker  dmnp  cars  pulled  by  a  3H-ton  locomotive  running  on  a  single 
24-in.  gage  track  laid  with  25-lb.  steel. 
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The  rook  is  a  close-grained  hard  gray  granite,  with  numerous  seams,  causing 
the  drill  to  run  Irom  alignment,  but  it  breaks  weU.  The  seams  and  water 
combined  make  it  necessary  to  timber  all  this  ground.  The  ground  carries 
enough  water  to  BMkke  disagreeable  mucking,  and  to  require  pumping. 

The  timbering  comprises  sets  oi  6  X  8-in.  Oregon  pine,  spaced  5  to  8  ft. 
apart,  as  ground  permits,  and  2X6  lagging.  Each  set  consists  of  two  vertical 
posts  and  a  four-segment  arch. 

The  crew  consisted  of  one  shift  boss  at  $3.50  per  day;  four  miners  at  S3 
five  mudcers  at  $2.50,  and  one  tranuner  at  $2.60.  The  blacksmith  doing  the 
repair  work  was  paid  $4  per  day. 

The  four  miners  worked  on  day  shift,  drilling  the  ground,  timbering  and 
shooting.  The  muckers  followed  on  night  shifts  This  arrangement  resulted 
in  a  clean  heading  for  the  drill  crews,  and  nothing  interfered  yrith  the  mucking 
crew. 

The  cost  of  w(Hrk  during  the  15-day  period  is  tabulated  below  in  detail  (Table 
X>. 

Tablb  X. — Sdownra  Unit  Cosfis  or  Tunnixixg  and.  Timbbbiko,   Nobtb 

HsADiNQ  OF  Tunnbl  No.  7t  LiTTLB  Lakb  JDivision  OF  Los  Anoblss  Aqubduct 

For  16-day  periodj  Aug.  15-Aug.  29,  1909;  advance  ^0  ft. 

Totals  for  90  ft.  length  Cost 

Labor  lin.  ft. 

Class  of  work  Hours  Cost  tunnel 

Labor: 

Inside  labor: 

Squaring  heading 23.5         $         9.03  $0.10 

$etting  up  and  tearing  down  machine  (1 )  36 . 0  16 .  59  .  184 

Drilling,  inol.  time  of  shift  boss 55. 33  43. 21  .48 

(3.6  cts.  per  ft.  of  hole) 

Blowing  out  holes 5.75  4.15  .046 

Loading  and  shooting 56.25  22.31  .248 

Muckmg  (412  cars) 835.0  268.44  2.98 

Trimming,  stulling,  caves,  etc 102.0  39.24  .436 

'Timbering  ($11.82  p^r  M) 107.25  40.82  .453 

Lopttime,...^*,.. , . -i n-..  40.75  15.66  .174 

Bonus  (30  cts.  per  man  per  ft.  over  2.3 

ft.  per  shift) 112.08  1.24 

Repair»to  trolley,  pump,  eto .......  3.25  1.20  .013 

Totals,  inside  labor 1,265.08  $     572.73  $6,354 

Outside  labor: 

Sharpening  steel   (with  Leyner  No.   2 

machine) 44.0  $       17.83  $0,198 

Repairing  driU 7.5  2.88  .032 

Framing  timbers  at  shop  ($2^2 per  M) 8.75  .007 

Light  and  powev 90. 0  38.76  .376 

Totals  outside  labor 141.5  $       63.21  $0,702 

Auxiliary  labor: 

Laying  track,  90  ft 31.5  $       12.75  $0,141 

. Drainage  Une,  90  ft 43.5  14.83  .16 

Ventilation  line,  72  ft 11. Q  3.44  .048 

Trolley  Une,  95  ft 18.0  6.35  .067 

Air  Une.  80  ft .«. 2.5  .80  .01 

Water  line,  80  ft 2.5  .79  .01 

Lights  Une,  90  ft 8.0  2. 86  .032 

^^i^M««^Mi*^^HM  a^MM^M^B^M^M^B^B*  ^B^^Ba^^^^^i^B 

TotiUs  auxiUary  labor 117.0  $      41.82  $0,468 

Local  administration  and  engineering: 

Proportion  of  division  engineer  and  assistant's  time  $50.40  $  0.56 

.         ■»■  ^> ■ 

Total  labor  cost $^    727. 66       $8. 084 
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Tablb  X. — Cimiinu0d 
Material: 
Constnietion  Material  and  Suppliee: 

Drill  repairs $      22A7      %  0.2& 

($0,018  per  ft.  hole) 
Drill  8iH>pue«,  oil  steel,  coal 9.41  .  104 

($0,008  per  ft.' hole) 

Mucking  supplies,  oil,  etc .73  .  008 

Power  and  lighting  current 71 .  52  .  795 

(4,207  kw.  hrs.,  at  1.7  cts.) 
Erolosives,  powder,  fuse,  cape,  etc 15Z.  69  1 .  752 

(11.66  lbs.  powder  per  ft.  tunnel) 
Timbers,  wedges,  dowels,  nails,  etc 122. 16  1 . 36 

(3,579  ft.  B.  M.  =  40  ft.  B.  M.  per  ft.  tunnel) 
Lighting  (candles  $8.59,  el.  It.  globes  $3.09) 11 .  67  .13 

Totals,  constr.  material $    895. 65       $  4.399 


Auxiliary  material: 

Trackage,  25-lb.  rail,  ties,  etc $      21 .  11  $  0. 235 

Drainage,  2-in.  pipe  and  el.  wire 7 .87  .087 

Ventilation,  12-m.  pipe  (for  72  ft.) 29.21  .405 

Trolley,  wire,  etc.  (for  95  ft.) 9.73  .102 

Air  line,  pipe,  etc.  (for  80  ft.) 7 . 26  .09 

Water  line,  pipe,  etc.  (for  80  ft.) 7 .  25  .09 

Lights  line,  wire,  etc 2 .  22  .  025 

Totals,  auxiliary  material $      84. 64  $  1 .034 

Total  material $    480.29  $  5.433 

Live  stock: 

Mule,  15  days  at  90  cts $       13.60  $0.15 

Total  direct  and  auxiliary  field  charges $1,221.45  $13,667 


To  explain  the  table  further  the  following  particulars  are  noted  as  to  drilling 
and  powder: 

Drilling. — During  the  15-day  period  150  hdefi  were  drilled,  aggregating 
1,202.3  ft.  in  length.  The  average  depth  of  hole  therefore  was  9  ft.  The 
average  speed  of  drillhig  was  21.74  ft.  hole  per  hour  of  adual  drilling  tinw. 
or  15.84  ft.  per  hr.  if  lost  time  is  Included.  This  means  that  the  average  hole 
(8  ft.)  was  drilled  in  22  ndns.  The  fastest  hble.  however,  was  9  ft.  6  lns.» 
drilled  in  10  mins.,  while  the  slowest  was  8  ft.  6  ins.,  drilled  in  78  mins.  The 
average  cost  of  drilling  per  foot  of  hole  was  3.6  cts.,  as  given  in  the  table. 

Explosives. — There  were  used  650  lbs.  of  IH-in.  40  per  cent  gelatine;  260 
lbs.  1-in.  40  per  cent  gelatine,  and  150  lbs.  1-in.  60  per  cent  gelatine,  a  total  of 
1,050  lbs.  This  is  11.66  lbs.  per  lin.  ft.  of  tunnel,  or  8.3  lbs.  per  ou.  yd.  plaee 
measurement.  The  cost  (delivered)  was  $140.87.  Adding  the  cost  of  fuse 
(2,700  ft.  $13.85),  caps  (306  -  $2.49),  and  tamping  stick  ($a48),  makes  the 
total  cost  $157.69,  which  is  about  $0.50  per  eu.  yd.  place  measuv^nent  and 
$0.27  per  cu.  yd.  loose. 

The  following  summarized  the  above  cost,  together  with  the  field  and  office 
charges  assessable  to  the  work.  Attention  may  be  called  to  the  fact  that  the 
figure  $12,165  given  as  direct  charge  differs  from  the  previous  total  of  $18,607 
by  the  amount  ($1 .502)  charged  for  tracks,  the  latter  being  inohided  in  the  pre- 
vious detail  tabulation.  In  the  recapitulation  the  auxiliary  chairge  is  reduced 
by  the  estimated  amount  of  salvage  on  the  track  material.  ' 
84 
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RscapituLation  of  Unit  Costs 

Cost  per  foot  of 

Class  of  charge  ^tunnel 

Direct  charges: 

Labor $7,056 

Material  and  supplies 4 .  399 

Local  administration  and  engrg 0 .  56 

Live  stock  service 0. 15 


$12,165 


Auxiliary  charges: 

Labor  on  trscks,  etc $0,468 

Material  for  tracks,  etc 1 .034 

$1,502 
Salvage  on  material  about  66  % 69 

0.812 

Roads  and  trails* 1 .  60 

Buildings* 0.20 

Water  supply* , 0. 22 

Machinery  and  tools 'h 1 .  06 


Total  fixed  charges $15,957 

Add  3  %  for  executive  office  administration. . , 0. 475 


Total  cost  of  tunnel,  timbered  and  ready  for  lining,  per  lin.  ft $16,432 

*  The  total  cost  of  these  works  on  the  entire  division,  apportioned  to  the  severs 
parts  of  the  permanent  construction,  gives  as  estimated  cnarges  per  foot  of  this 
tunnel  the  figures  noted. 

Deducting  from  the  total  of  $13,667  of  Table  X  the  charges  that  obviously 
belong  to  timbering  we  get  a  cost  of  $11.75  per  lin.  ft.  for  excavation,  which  is 
equivalent  to  $3.36  per  cu.  yd.  « 

Bonus  System  for  Tunnel  Work  of  the  Los  Angeles  AQuedtict. — ^The  follow- 
ing notes  are  abstracted  from  the  Report  on  the  Los  Angeles  Aqueduct. 

To  complete  the  Los  Angeles  Aqueduct  within  a  reasonable  time  limit  so  as 
to  avoid  undue  interest  charges  on  the  bond  issue  the  controlling  factor  was 
recognized  by  aU  to  be  the  great  length  of  tunnels,  164  in  number,  and  esped- 
idly  the  Elizabeth  Tunnel,  which  is  more  than  5  miles  long.  This  tunnel, 
passing  through  the  criest  of  the  Coast  Range,  more  than  20  miles  from  a  rail- 
road base  of  supplies,  had  to  -be  driven  from  two  headings  only  and  lined 
throughout  with  coneiete.  A  fair  rate  of  progress  for  timnels  of  this  size,  and 
in  a  similftr  geological  f  ormatioa,  has  been  n  mile  a  year  from  the  two  headings, 
or  five  years  in  aU. 

It  was  therefore  important  to  devise  some  method  of  work  which  would 
develop  speed  and  the  bonus  scheme  was  adopted.  This  was  modified  from 
time  to  time,  as  experience  was  gained  in  its  application,  and  the  following 
schedule  is  the  final  outcome. 

Theory  of  the  Bonus  System. — The  tunnels  were  driven  for  a  few  months, 
and  the  number  of  men  who  could  work  efficiently  in  the  headings,  together 
with  their  progress,  was  noted  imder  different  conditions.  .  A  standard  size 
crew  was  then  authorized,  which  could  not  be  exceeded.  In  the  Elizabeth  tun- 
nel, the  number  was  16  men  for  untimbeied  tunnel  and  23  for  timbered  tunnel. 
Only  those  engaged  inside  on  the  driving  of  the  heading,  trimming,  timbering, 
etc.,  were  included  in  the  boBus  erew.  The  required  progress  was  fixed.  At 
the  Elizabeth  tunnel  it  was  8  feet  per  day,  or  ZH  feet  per  shift  for  untimbered 
tunnel,  requiring  the  excavati<m  of  4.18  cubic  yards  per  lineal  foot,  and  6  feet 
per  day.  or  2  f^et  per  shift  for  timbered  section  of  the  tunnel,  requiring  the 
ezeavation  at  fi.02  cubic  yards  per  lineal  foot,  and  the  placing  ol  1 15  feet  board 
measure  of  lumber.    A  base  wage  was  paid  of  $3.00  per  day  for  miners  and 
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timbermen,  and  92.60  per  day  for  muckers  (shovders).    In  wet  tunnels,  50 
cents  a  day  additional  was  paid.    Eight-hour  shifts  were  worked. 

For  all  excess  footage  over  the  base  rate  made  by  a  shift  each  man  on  the 
shift  was  paki  40  cents  a  foot  in  the  Elizabeth  ttmnel.  In  other  tunneb  the 
bonus  paid  varied  from  20  cents  to  40  cents  per  foot,  depending  on  the  char- 
acter of  the  rock.  Each  tunnel  was  inspected  by  the  Chief  Engineer  or  his 
assistant,  and  a  reasonable  rate  of  progress  and  bonus  pay  determined,  whic^ 
when  i4>proyed  by  the  Board  of  Public  Works,  was  effectiye  for  that  tunnel. 
The  superintendent  and  foremen  did  not  share  in  the  bonus  pay,  as  it  was  their 
duty  to  see  that  the  quality  and  quantity  of  the  work  was  up  to  par.  Meas- 
urements were  made  on  the  10th,  20th  and  last  day  of  each  month  to  deter- 
mine the  progress.  Any  man  receiving  bonus  was  required  to  work  ccmtinu- 
ously  through  the  ten-day  bonus  period. 

The  theory  of  the  schedule  is  to  pay  the  men  a  fair  wage  for  the  day's  work, 
and  in  addition  to  give  them  a  share  approximating  50  per  cent  of  the  esti^ 
mated  saving,  in  case  the  base  rate  of  progress  is  exceeded.  It  must  be  kept 
in  mind  that  the  labor  charge  per  day  for  the  driving  ai  a  tunnel  Is  a  fixed 
amount,  includidg  not  only  those  engaged  in  the  tunnel,  but  also  the  outside 
organization  of  mechanics,  superhitendent  uid  clerks.  The  cost  of  explosives 
and  power  varies  with  the  footage  made.  Therefore,  the  greater  the  rate  of 
progress,  the  lower  the  final  unit  cost  of  the  work  will  be. 

Effect  of  the  Bonus. — The  sharing  of  the  benefits  with  the  men  by  means  of 
the  bonus  sjrstem  resulted  in  an  improved  relation  with  them.  They  became 
Interested  in  the  success  of  the  work.  The  men  in  a  bonus  crew  themselves 
eliminated  the  drones  and  did  not  tolerate  loafing.  The  duties  of  the  foremen 
and  superintendent  were  almost  entirely  confined  to  getting  the  necessary 
supplies  and  equipment.  As  the  bonus  profits  materialized,  the  miners  not 
only  remained  longer  on  the  work,  but  sent  for  other  workmen  whom  they 
knew  and  who  would  do  their  share  in  increasing  the  ^>eed. 

In  fixing  the  bonus  and  the  base  rate,  it  is  important  to  reach  a  reasonable 
balance,  which  will  allow  the  men  a  fair  share  in  the  saving,  giving  them  a 
(^ance  to  earn  from  $10.00  to  $80.00  a  month  as  a  reward  for  unusual  effort. 
In  some  places  where  the  bonus  has  been  tried  by  other  organizations,  the  base 
rate  was  placed  so  high  that  there  was  little  opportunity  for  the  men  to  profit 
by  it,  resulting  in  discouragement  to  them  and  no  benefit  to th^  organization. 
In  November,  1909,  the  tunnel  work  on  the  Los  Angeles  Aqueduct  was  in 
full  swing.  This  particular  month  is  selected  for  consideration  only  because 
the  bonus  pay  rolls  were  so  large  that  the  City  Auditor  asked  for  an  investiga- 
tion of  the  bonus  system  to  justify  its  use.  A  detailed  study  was  made  of  it, 
which  satisfied  the  Board  of  Public  Works  that  it  was  decidedly  beneficial. 
During  this  month,  9,131  feet  of  tunnels  were  excavated,  of  which  4,033  feet 
was  excess  footage  over  the  base  rate  as  fixed,  which  is  an  increase  in  speed  of 
72  per  cent.  Ninety  per  cent  of  the  crews  earned  bonus  ranging  from  12  oeots 
to  $1 .95  per  day  for  eadi  man.  In  the  89  tunnel  headings,  the  total  wages  for 
that  month  were  $76,837.38,  of  which  $13,133.94  was  bonus,  or  17  per  cent. 
The  average  cost  per  foot  of  tunnel  for  labor  and  bonus  was  $9.87.  If  only 
the  base  progress,  which  was  the  esthnated  ordinary  progress,  had  been  made, 
the  cost  per  foot  for  labor  would  have  been  $13.80.  The  footage  gained  over 
the  estimated  base  rate  cost  in  bonus  pay  an  average  of  $3.25  per  foot  for  all 
tunnels. 

In  the  Elizabeth  tunnel,  the  base  progress  of  420  feet  for  the  two  headings 
for  the  month  was  exceeded  429  feet.     In  this  tunnel,  where  speed  was  particu- 
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Iftriy  deilred,  the  mnciDefB,  iHio  had  the  hardeft  wotk  to  do  and  who  laiyely 
eontroOed  the  rate  o(  advance,  worked  in  relaya.  A  car  holding  33  cubic  feet 
would  be  puflfaed  iq>  to  the  pile  of  debris  thrown  down  by  the  ezploeloa  and  four 
of  these  shorelerB  would  flU  It.  They  would  then  push  it  bade  to  the  switch, 
and  four  fresh  men  shoved  up  an  emp^  cat*  and  filled  it — the  first  crew  mean- 
time  doing  Uc^t  woric  or  resting.  This  process  was  kept  up,  so  that  a  fresh 
crew  would  come  up  with  eadi  empty  car.  Tlie  result  was  that  the  American 
records  fOr  rapid  hard  rock  tunnel  work  were  repeatedly  broken,  and  the 
world's  record  for  soft  rock  tunnd  driving,  (so  far  as  known)  was  beatoi  at 
Tunnel  17  M,  in  the  Jawbone  Divisiaii,  where  1,061  feet  were  driven  at  one 
heading  by  hand  work  in  August,  1909.  The  material  in  Tunnel  17M  wasa 
soft  sandstone  idiich  could  be  bored  with  augers. 

The  entire  26.870  feet  of  the  EUzaheth  tunnel  was  completed  on  February 
28,  1011.  The  four  years  and  seven  months  time  set  for  the  driving  ot  this 
tunnel  was  beaten  by  450  days,  or  22  per  cent.  The  average  progress  was 
10.8  feet  per  day  for  each  heading.  This  includes  the  time  during  iM^iicfa 
the  tunnel  was  driven  by  hand,  while  the  equipment  was  being  purehaoed  and 
installed.  The  rode  is  granite,  favorable  for  rapid  work  at  the  south  end,  but 
uneven,  full  of  water,  difficult  and  dangerous  at  the  north  &atA. 

The  average  cost  per  foot  of  the  Elisabeth  tunnel  was: 

Excavation,  inclading  timberinc $41 .  35 

lining 9.65 

Local  administration  and  superintendence 2 .  10 

Equipment 7 .  92 

Buikungs,  water  supply,  etc 5. 83 

Engineering  and  surveys 1 .  00 

Total 967.85 

This  does  not  indude  general  administration  costs,  wbidi  amounted  to  3.55 
per  cent  or  92.35  per  foot,  making  a  total  cost  of  970.20  per  foot.  The  esti- 
mate  of  the  Board  of  Consultng  Engineers  was  $75.33  per  foot  plus  16.5  per 
cent  for  contingendes  and  water  supply,  making  a  total  of  $87.93  per  foot. 
The  saving  therefore  amounted  to  approximately  $18.00  per  foot  or  about 
$500,000  for  the  entire  tunnel. 

On  the  Jawbone  division,  bids  were  asked  for  all  the  construction  of  this 
part  of  the  work,  exduding  siphons,  but  induding  65.000  feet  of  tunnel.  They 
ranged  from  $2,294,000  to  $4,258,000.  After  a  consideration  of  the  bkia 
received,  it  was  decided  that  the  work  would  probably  cost  the  City  less  if  it 
were  done  by  day  labor  under  the  Engineering  Department.  This  was  done — 
the  bonus  ssrstem  was  used  in  all  of  the  tunnels  and  the  actual  field  cost  of  all 
the  work  was  $700,000.00  less  thui  the  lowest  price  bid. 

Ridet  Governing  Payment  for  Bonus  Footage, — 1.  Ten  days  shall  constitute 
a  period.  The  first  period  to  be  from  the  1st  to  the  10th  of  the  month, 
inclusive;  the  second  from  the  11th  to  the  20th  inclusive;  the  third  from  the 
21  St  to  the  end  of  the  month.  Bonus  payments  shall  be  allowed  upon  the 
basis  6i  measurements  made  at  the  close  of  each  ten-day  i)eriod. 

2.  The  following  named  classes  of  employes  shall  be  aUowed  to  partidpate 
In  bonus  payments: 

Tunnel  Foremen, 
"Shift  Bosses, 
Miners, 
Muckers 
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3.  The  tunnel  foreman  shall  not  be  considered  as  one  of  the  crew  except 
when  in  charge  of  a  single  shift,  when  he  shall  share  in  the  bonus  on  the  same 
basis  as  the  men  of  the  crew  under  his  direction.  If  he  is  in  charge  of  more 
than  one  shift,  he  shall  be  allowed  bonus  based  upon  the  average  bonus  prog- 
ress of  all  headings  under  his  supervision. 

4.  The  shift  boss  shall  be  considered  as  one  of  the  shift  crew.  He  will 
participate  in  the  bonus  on  the  same  basis  as  the  men  of  the  crew  under  his 
direction.  An  exception  to  this  rule  is  made  when  a  shift  boss  is  placed  in 
charge  of  two  or  more  shifts  in  different  headings.  In  thi^  case,  he  would  be 
placed  on  the  same  basis  as  a  foreman — to  wit:  not  to  be  considered  as  one 
of  the  crew,  and  would  be  allowed  bonus  upon  the  mean  bonus  progress. 

5.  The  number  of  sliif  ts  worked  in  a  heading  during  a  day  of  24  hours  shall 
be  determined  by  the  engineer  or  superintendent  in  charge  of  the  work  after 
consultation  with  the  Chief  Engineer. 

6.  All  back  trimming  must  be  done  by  the  crew  sharing  the  bonus.  If  the 
timbers  are  placed  by  the  miners  from  the  standard  crew  in  a  i^ven  ten*day 
period,  then  the  portion  of  the  tunnel  shall  be  consid^ed  as  a  tinriiered  section ; 
otherwise  it  shall  not  be  so  considered. 

7.  Only  men  who  work  continuously  through  the  ten-day  period,  witk  the 
following  exceptions,  shall  be  entitled  to  bonus: 

(a)  Any  ^npioye,  entitled  to  bonus  earnings,  who  is  injured  or  bepomes  ill 
during  a  period  from  conditions  arising  directly  from  tunnel  construction,  shall 
participate  in  bonus  in  proportion  to  the  number  of  shifts  worked  by  him  dur- 
ing said  period. 

(b)  If  an  employe,  entitled  to  bonus  earnings,  is  transferred  ^during  a  period 
from  a  heading  to  another  part  of  the  work  for  reasons  other  than  his  own 
request,  he  shall  participate  in  bonus  in  proportion  to  the  number  of  shifts 
worked  by  him  on  such  heading. 

8.  If  the  work  is  interrupted  by  the  failure  of  power,  shortage  of  material 
or  supplies,  floods,  cave-ins,  or  other  causes  beyond  the  control  of  the  men,  the 
men  shall  be  entitled  to  bonus  pay  in  proportion  to  the  number  of  shifts 
worked  by  them  during  period  in  which  such  interruptions  occurred. 

9.  To  establish  a  imiform  system  of  computing  bonus  earnings  in  above 
case,  the  following  f ormala  will  be  used : 

X  "4-  y 

^  «  Average  base  rate  per  shift. 

-  -4-  - 

a  ^b 
Let  X  »  Timbered  progress  -  25   ft. 

y  -  Uhtimbered  progress  =  30  ft. 

a  -'  Required  timbered  per  shift        «=    2   f t. 
b  *  Required  untimbered  per  shift    >-    2.5  ft. 
s  *  Number  of  shifts  during  period  »  20 


Then 


-  *  shifts  required  at  base  rate. 

y 

g  >-  shifts  required  at  base  rate. 


Or  substituting  values, 


25 

-K  «  12.5  shifts  required  at  base  rate. 

30 

9%  »  12.0  shifts  required  at  base  rate. 
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Total  24.5  shifts  required  at  base  rate. 

25  +  30 
2 .  g     «  2.245  average  base  rate. 

20  X  2.245  «"  44.9  «  progress  required. 
55  —  44.9  «  10.1  ft.  -  bonus  footage. 

10.  The  computation  of  bonus  footage  shall  be  made  by  dividing  the  total 
number  of  feet  run  during  the  period  by  the  total  number  of  shifts  worked  dur- 
ing the  period.  From  this  average  footage  per  shift  there  shall  be  deducted 
the  base  rate  of  progress  required,  and  the  remainder,  if  any,  will  be  the  bonus 
footage  per  shift.  The  bonus  earned  j>eT  man  during  the  period  wHl  be  the 
number  of  shifts  in  which  he  worked,  times  the  average  bonus  footage,  times 
the  bonus  price  per  foot,  (provided  all  conditions  as  outlined  in  these  rules 
are  complied  with.) 

Ezam^e  1. — 3  shifts  working  10  days 

Total  progress  for  period  — 150  feet. 

3  shifts  X  10  days  «*  30  shifts  worked. 

150  ft.  -i-  30  shifts  -  5  ft.  per  shift. 

Base  rate  of  progress  3.5  ft.  per  shift. 

Bonus  footage  1.5  ft.  per  shift. 

Bonus  earned  for  per  man  ^  1.5  ft.  X  10  shifts  X  25  eta.  per  ft.  ■■  $8.76. 

Example  2. — 1  shift  working  10  days 

Total  progress  for  period —60  feet. 
1  shift  X  10  days  «  10  shifts  worked. 
60  ft.  -i-  ^10  shifts  -  5  ft.  per  shift. 
Base  rate  of  progress  3^5  ft.  per  shift. 
Bonus  footage  1.5  per  shift. 

Bonus  earned  for  period  per  man  «  1.6  ft.  X  10  shifts  X  26  eta.  per  ft.  * 
$3.75. 

Bonus  Schedule  fob  Tunnel  Work  in  the  Little  Lake  Dtvibign 

No.  of    Rate  per 
Capacity  of    Class  of     Timbered  or     Class  of  Base  rate     men  per    man  per 
tunnel  rock         untimbered        work       per  shift       shift      bonus  foot 

430  sec.  ft.  Soft  Untimbered  Hand  4.5  ft.  9  20  ct«. 

430  sec.  ft.  Soft  Timbered  Hand  4.5  ft.  9  20  cts. 

430  sec.  ft.  Hard  Untimbered  Hand  2.5  ft.  10  25  cts. 

430  sec.  ft.  Hard  Timbered  Hand  2.0  ft.  10  25  cts. 

430  sec.  ft.  Hard  Untimbered  Machine  3.0  ft.  11  30  ets. 

430  sec.  ft.  Hard  Timl>ered  Machine  2.3  ft.  11  30  cts. 

430  sec.  ft.  Hard  Untimbered  Machine  3.0  ft.  11  40  cts 

430  sec.  ft.  Hard  Timbered  Machine  '  2.3  ft.  11  40  cts. 

430  sec.  ft.  Hard  Untimbered  Machine  5.0  ft.  14  30  cts. 

430  sec.  ft.  Hard  Timbered  Machine  4.3  ft.  14  30  cts. 

Bonus  Schedule  fob  Tunnel  Wobk  in  the  Elizabeth  Tunnel,  North  and 

SOXTTH   PoBTALS 

Rate  per 
Timbered  or       Class  of        Base  rate     No.  of  men      man  per 
Class  of  rock     untimbered  work-         per  shift        per  shift      bonus  foot 

Hard  Untimbered       Machine         2H  ft.  16  40  cts. 

Soft  Timbered  Machine  2      ft.  23  40  cts. 

Noteworthy  achievem^its  in  tunnel  driving  by  jthe  Aqueduct  organiEation 
were  at  Tunnel  17-M,  which  is  in  a  soft  sandstone  at  the  head  of  the  Red  Rock 
Canyon,  where  a  tunnel  10,596  feet  in  length  was  excavated  in  sevenmcmths 
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from  two  headings.  As  far  as  known  the  driving  of  1,061.6  feet  in  the  month 
of  August.  1909,  is  the  world's  record  for  fast  tunnel  driving  for  one  month's 
run.  This  tunnel  was  completely  lined  in  eight  months.  In  other  words,  tbis 
two-mile  tunnel  was  driven  and  Hned  in  a  year  and  a  quarts. 

One  hundred  and  sixty-four  timnels  were  excavated,  and  practically  all 
of  them  were  driven  from  two  or  more  headings.  There  was  not  ah  error  in 
instrumental  work,  either  in  line  or  grade,  in  any  of  the  tunnels,  or  elsewhere 
on  the  woric. 

Cost  of  Tvimel  in  Clay  for  the  Alton,  lU.  Sewet  Outlet — Engineering  and 
CiMitracting,  Feb.  10,  1915,  publishes  the  following  data  given  by  J.  Ei 
Schwaab  in  a  paper  before  the  Thirtieth  Annui^  Meeting  of  Illinois  Society  of 
Engineers  and  Surveyors. 

The  outlet  necessitated  the  construction  of  1,000  ft.  of  tunnel  tiirough  a 
ridge.  The  grade  of  the  tunnel  varied  from  20  ft.  to  39  ft.  below  the  natural 
surface  of  the  ground.  Shafts  wen  sunk  every  200  ft.  These  shafts  were 
made  4  ft.  by  8  ft.  in  dimension  and  were  properly  braced  with  oak  timbeis. 
Clay  was  removed  from  the  tunnel  by  the  use  of  6  cu.  ft.  wooden  buckets 
which  were  raised  and  lowered  into  the  shafts  by  the  means  of  an  ordinary 
hoisting  engine  and  swinging  boom.  This  equipment  was  also  used  for  lower^ 
ing  the  12-in.  cast-iron  pipe  into  the  shaft  and  for  dragging  it  along  the  tunneL 
At  the  bottom  of  the  shaft  the  heading  was  driven  in  both  directions  foe -a 
distance  of  100  ft.  at  the  same  time.  The  sides  and  t^  were  sheeted  with 
3-in.  oak  planking  as  the  tunnel  was  being  dri^n.  To  operate  cme  shaft 
there  were  five  men  in  the  tunnel — one  man  to  hook  the  cable  tmto  the  budcets, 
two  men  at  the  headings,  and  two  men  wheeling  muck  to  the  shaft.  On  the 
top  there  were  three  men,  one  man  unhooking  tiie  bucket  and  emptying  it, 
and  one  man  with  team  and  scraper  to  ronove  the  earth  fK»ai  Uie  shaft,  and 
one  man  to  cut  timber. 

One  difficulty  experienced  was  the  lack  of  ventilation.  It  waa  impossiUe 
to  ke^  a  light  burning  in  the  tunn^  so  that  the  men  could  see.  The  air 
became  foul,  tiius  preventing  the  men  from  remaining  in  the  tunnel.  This 
obstacle  was  overcome  by  ihe  use  of  an  ordinary  blower  fan  operated  by  a  IH- 
HP.  gasoline  engine.  To  the  discharge  end  of  the  blower  fan  3-in.  spouting 
was  connected  and  run  down  into  the  shaft  and  ^udi  way  into  the  headings. 
This  fan  furnished  sufficient  air  to  enable  the  men  to  work  in  the  tunnel  with- 
out experiencing  any  discomfort  as  regards  ventilation. 

The  time  required  to  complete  this  tunnel  was  60  days,  average  progress 
b^ng  17M  ft.  per  day.  The  maximum  progress  was  34  ft.  per  day..  The 
total  cost,  including  labor,  material  and  lumber,  was  $10,000. 

Following  are  the  wages  paid  for  the  labor  for  constructing  the  tunnel. 
Each  BbSit  consisted  of: 

One  ioreoi&n,  per  month $75.00 

One  engineer,  per  hour 0. 26  - 

Two  difgers,  per  hour 0.30 

Kve  laborers,  per  hour 0. 26 

One  team,  per  novr 0. 60 

One  water  boy,  per  day , . . ,       1 .  00 

Eight  hours  constituted  a  day's  work  for  each  shift;  at  times  there  were 
three  ^ifls  working  in  the  24  hours. 

The  material  through  whi<di  the  tunnel  was  driven  was  wet,  sandy  clay 
exeepting  50  ft.  of  small  gravel  and  quicksand.    The  elevation  of  ground  water 
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WHS  18  ftr  below  the  natural  ground  surface.  The  men  at  the  headings  used 
ordinary  round  pointed  spades;  pidcs  were  used  when  grarel  was  encountered. 

Cost  of  a  Circular  Brick-Uned  Water  Works  Tnimel  8-Ft.  in  Diameter.—^ 
The  following  data  are  taken  from  Engineering  and  Contracting,  April  2, 
1013: 

The  Chicago  Ayenue  Tunnel  coniiectiont  completed  in  March,  1913,  for 
the  Chicago  Water  Works,  is  8  ft.  in  diameter;  is  lined  with  three  rings  of 
brick,  and  is  1,216  ft.  long.  It  cost  $34.82  per  lineal  foot.  This  is  a  moderate 
figure,  c<msidering  the  quaUty  of  the  wcN'kdone;  ^e  length  at  the  tunnel;  the 
curves  and  grades  upon  whidi  it  is  built;  that  air  pressure  was  used,  and  that 
engineering  and  inspection  costs  are  all  mcluded.  The  new  tunnel  joins  the 
lake  section  of  the  7-ft.  Cross  Town  Tunnel  with  the  8-ft.  Blue  Island  Avenue 
Tunnel,  which  was  completed  in  1909.  The  tunnel  parallels  the  curb  10  ft. 
away  on  LaFayette  Court  for  a  distance  of  721  ft.  It  has  a  compound  curve 
at  the  south  end  consisting  of  one  arc  308.6  ft.  long  on  a  radius  of  175  ft.  and 
(me  arc  of  55  ft.  radius  and  141.2  ft.  long,  whi^  connects  with  the  lake  end  of 
the  old  Cross  Town  Tunnel.  At  the  north  end  the  mam  tangent  is  deflected 
30°  on  a  curve  of  12  ft.  radius,  to  avoid  making  a  right  angle  connection  with 
the  Blue  Island  Ave.  Tunnel.  From  this  curve  the  tangent  contmues  about 
30  ft.  to  the  juncture  with  thfe  Blue  Island  Tunnel  with  whidi  it  makes  an 
angle  of  60**. 

The  grade  on  which  the  tunnel  is  built  is  level  between  the  construction 
shaft  and  the  Blue  Island  Avenue  Tunnel,  then  rises  at  a  rate  of  1.3  per  <»nt 
from  the  shaft  south  to  the  pomt  of  curvature  whence  it  dips  at  a  rate  of  6  per 
cent  on  a  curve  to  the  junction  with  the  lake  end  oi  the  old  Cross  Town  TunneL 
The  rising  grade  is  introduced  to  provide  a  safe  clearance  between  the  new 
tunnel  and  three  other  tunnels  "vi^iicfa  pass  under  the  new  bore. 

Shaft  Construction. — Construction  was  commenced  on  May  20,  1912,  with 
the  erection  of  the  office  building  and  UkA  hoase.  The  following  month  was 
occupied  m  building  a  cement  shed  and  men's  dressing  hOuse;  the  head  house 
framing;  tiie  frames  and  sheeting  for  starting  the  excavation  for  the  shaft; 
in  assemUing  the  1-cu.  yd.wtunnel  cars,  which  were  built  at  the  city  water  works 
shops,  and  in  setting  the  100-hp.  fire-box  boiler,  and  building  tmder  it  a  founda- 
tion and  ash  pit.  The  preparaticms  for  active  work  excavating  the  tbatt  were 
ccmtmued  during  the  early  part  of  July  and  the  actual  excavation  was  started 
July  15,  1912,  when  a  hole  15  ft.  square  was  started.  This  had  been  carried 
about  10  ft.  below  the  surface  using  2  X  lO^m.  sheeting  held  in  place  by  three 
sets  of  timber  frames  spaced  3  ft.  apart  vertically,  when  water  was  encountered. 
The  excavation  was  then  mtemipted  until  the  first  sections  of  the  ste^  sheH 
could  be  placed. 

The  shell  was  built  by  John  Mohr  &  Sons,  Chicago,  and  delivered  In  place 
for  $930.  It  consisted  of  five  sections  each  11  ft.  5  ins.  m  diameter  and  6  ft. 
high,  made  of  ^-in.  boiler  plate.  The  two  bottom  sections  were  riveted 
together  in.  the  shop  and  provided  with  a  beveled  cutting  edge  stiffened  around 
the  inside  with  an  additional  plate  and  a  6  X  8  X  H-m.  angle  1  ft.  above  the 
cutting  edge.  The  total  weight  of  the  shell  was  21i,985  lbs.  with  the  rivets. 
Its  cost  delivered  was,  therefore,  4.35  cts.  per  pound.  Each  section  was 
thoroughly  calked  and  all  the  rivets  were  countersunk  on  the  outside  of  the 
sh^.  By  July  26  the  two  bottom  sections  had  been  placed  and  another  6-ft. 
section  had  been  riveted  and  calked.  The  sh^l  had  also  been  lined  up  bj 
vertical  guide  timbers  placed  on  four  sides .  The  brick  lining  was  then  started, 
the  6  X  8>in.  angle  serving  as  a  footing;  and  on  July  30  had  been  carried  to  a 
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height  of  14  ft.  With  this  additional  weight  the  shell  was  forced  down  to 
elevation  —  4  or  16.d  ft.  below  the  street  grade.  Preparations  were  then  made 
to  sink  the  18  ft.  of  erected  shell  deep  enough  to  permit  the  erection  and  rivet- 
ing of  the  remaining  two  sections. 

All  the  material  removed  from  the  shaft  .was  taken  on  cars  nmning  ^n  a 
narrow-gage  track  to  a  dmnp  on  the  east  side  of  the  street  where,  by  previous 
arrangement,  the  city  had  obtained  permission  to  fill  in  vacant  property  to  the 
level  of  the  street.  A  No.  4  Nye  pump  was  suspended  in  the  bottom  of  the 
shaft  at  this  time  as  the  material  encountered  was  a  water-bearing  stratum 
of  lake  sand.  This  sand  was  13  ft.  deep,  overlying  the  soft  blue  day  through 
which  the  balance  of  the  shaft  was  sunk. 

By  Aug.  8, 1912,  the  last  two  sections  of  the  steel  shell  were  erected  and  the 
brick  lining  was  then  completed  to  within  6  ins.  of  the  top  x>t  the  shell.  The 
excavation  was  next  resumed  and  the  shell  gradually  sank,  with  the  weight  of 
the  brick  lining,  until  it  reached  an  elevation  of  - 13  or  25.6  ft.  below  the  street, 
when  it  became  necessary  to  add  weight  to  sink  it  further.  About  20  tons  of 
pig  iron  were  loaded  on  10  X  10-in.  timbers  placed  across  the  top  of  the  shell. 
With  this  additional  weight  the  cutting  edge  was  sunk  4  ft.  or  to  elevation  — 17. 
More  weight  was  added  and  the  shell  was  finally  sunk  to  Novation  —24.20. 
The  total  weight  used  to  sink  the  shell  was  163,646  lbs.  With  the  weight  of 
the  timbers  the  entire  load  amounted  to  82  tons. 

To  estimate  the  friction  between  the  soil  and  the  shell  we  have: 

Pounds 

Load 184,000 

Shell 21 ,386 

Brick  lining. 126,904 

Total  weight .312,289 

The  total  area  of  the  shell  in  contact*  with  the  soil  when  it  reached  its  final 
position  was  970  sq.  ft.  Dividing  the  total  weight  by  970  gives  approximately 
322  lbs.  friction  per  square  foot  of  contact  area.  Comparing  this  figure  with 
the  friction  indicated  when  the  shell  was  sunk  ta  elevation  —4,  we  find  that 
at  that  time  the  weight  of  the  shell  and  its  brick  lining  was  about  116,000  lbs. 
and  that  the  area  of  contact  between  the  shell  and  the  soil  was  approximately 
240  sq.  ft.  This  indicates  that  a  friction  of  480  lbs.  per  square  foot  existed 
when  the  shell  ceased  to  sink  at  —4.  In  this  case  the  shell  was  forcing  its 
way  through  sand,  the  area  of  contact  with  sand  being  145  sq.  ft.  and  with 
earth  fill  about  94  sq.  ft.  In  its  final  position  the  shell  was  forcing  its  way 
through  clay  and  was  in  contact  with  405  sq.  ft.  of  clay,  471  sq.  ft.  of  sand, 
and  94  sq.  ft.  of  earth  fill.  This  indicates  that  the  coefficient  of  friction  was 
reduced  as  the  percentage  of  area  of  the  shell  in  contact  with  clay  increased. 

The  excavation  of  the  shaft  was  carried  20  ft.  below  the  cutting  edge  to  the 
top  of  the  tunnel  bore  and  the  brick  lining  from  13  to  18  ins.  thick  was  placed 
after  each  day's  excavation.  The  brick  lining  was  suspended  by  eight  1  in. 
hanging  rods  having  plate  washers.  Each  rod  had  an  eye  at  its  lower  end, 
which  supported  the  plate  and  provided  for  hooking  on  the  next  rod  below. 
In  the  6  X  8-in.  angle  which  supported  the  brick  work  for  the  steel  shell, 
small  eye  bolts  were  placed  before  any  brick  work  was  started,  and  to  these 
were  attached  the  first  set  of  rods.  The  shaft  was  carried  down  to  tunnel 
grade,  and  the  two  tunnel  "eyes"  excavated  10  ft.  each  way  from  the  shaft 
and  lined  during  the  last  four  days  of  August.     A  sump  ali^o  was  )!)uilt,  as 
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The  cage,  used  for  the  balance  of  the  work,  consisted  of  a  light  platform 
suspended  in  a  frame,  and  was  operated  by  a  cable  from  the  hoisting  engine 
in  the  power  house. 

Ttmnd  Construction. — Mining  was  begun  in  the  south  heading  on  Sept.  5, 
19 12.  The  bore  of  the  tunnel  was  made  10  ft .  2  his.  to  accommodate  the  13  in. 
bride  lining  laid  in  cement  mortar.  Labor  troubles  at  this  time  caused  a 
suspension  of  mining  for  four  days,  during  which  time  a  new  gang  was  organ- 
ized ,  and  an  air  06mpressor  installed .  Air  pressure  on  the  tunnel  was  provided 
aa  a  precautionary  measure  to  prevent  leaks  from  the  four  water  tunnels  over 
whldi  the  new  tunnel  passed  and  to  prevent  damage  to  the  apartment  build- 
ings near  which  the  tunnel  passed.  A  Laidlaw-Dunn-Qordon  oompresscMr, 
12  X  18  X  18  io^:  of  626  cu.  ft.  capacity  at  50  lbs.  pressure  was  installed  in 
the  power  house.  It  was  at  first  rented  for  $100  per  month,  and  later  was 
purchased  for  $800. 

The  air  locks  were  not  installed  until  Sept.  25,  when  the  mintog  and  lining 
had  proceeded  to  a  i>oint  107  ft.  from  the  shaft.  The  driving  tunnel  was  then 
stopped  for  five  dasrs  during  the  installation  of  the  airlock  diaphragms.  These 
were  placed  21  ft.  7' ins.  apart,  the  nearest  one  being  63.2  ft.  from  the  shaft. 
The  lock  was  not  quite  long  enough  for  the  cars  on  account  of  the  space  needed 
to  swing  the  outer  door.  The  assembling  and  bricking  in  of  the  diaphragms 
required  five  days'  time. 

To  insure  tightness  of  the  lock,  a  slot  was  cut  through  the  tunnel  lining  about 
2  ft.  south  of  the  south  diaphragm  and  the  soil  around  the  south  end  of  the 
lock  was  grouted.  The  lock  walls  and  the  walls  of  the  tiumel  for  35  ft.  south 
from  the  diaphragms  were  washed  with  Portalnd  cement  grout.  Tests  were 
made  to  determine  air  leakage  and  the  Portland  cement  grout  was  put  on  dur- 
ing a  pressiu^  of  about  18  lbs.  No  trouble  was  had  because  of  leakage 
throughout  the  work  and  the  compressor  was  able  to  maintain  10  to  15  lbs. 
pressure  running  at  its  lowest  speed. 

About  135  ft.  from  the  shalt  the  character  of  the  ground  changed  from  a 
hard  blue  clay,  that  required  picking,  to  a  soft  clay  with  a  tendency  to  swell. 
After  this  point  was  reached  clay  knives  were  used.  This  work  proceeded 
without  change  f rcmi  this  time  until  the  end  of  the  tunnel  was  readied  on 
February  8,  1913. 

The  average  progress  made  during  October  was  7.98  ft.  per  day,  during 
November  8.25  per  day,  during  December  11.8  per  day  and  during  January 
13.58  ft.  per  day.  After  Dec.  12,  to  the  end  of  the  work,  two  shifts  per  day 
were  worked.  The  progress  per  shift  during  this  time  was  7.8  ft.  for  Decem- 
ber and  6.79  ft.  for  January.  The  work  slowed  up,  it  will  be  noted,  on  the 
long  curve  on  a  —  6  per  cent  grade. 

The  south  end  of  the  tunnel  joins  the  lake  end  of  the  old  crosstown  tunnel  at 
a  point  midway  between  two  10  ft.  shafts  which  are  about  200  ft.  apart.  This 
short  section  of  tunnel  was  cut  out  by  closing  a  gate  at  each  shaft.  To  over- 
come any  leaks  around  the  gate  in  Shaft  F,  this  shaft  was  filled  with  soft  blue 
day  to  elevation  —  22. 

When  the  drift  was  excavated  to  within  a  few  feet  of  this  tunnel,  a  hole  was 
drilled  throu^  to  the  old  tunnel  and  a  suction  pipe  connected.  The  pump 
was  then  started  and  the  air  pressure  mn  up  to  from  42  to  48  lbs.  to  aid  the 
pumping.  After  the  water  was  pumped  out  about  10  lbs.  air  pressure  was 
maintained  while  the  remainder  of  the  excavation  was  made  and  the  connec- 
tion bricked  up.  The  material  excavated  in  making  the  tunnel  connections 
was  thrown  back  into  the  abemdoned  tunnel  towards  Shaft  F. 
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The  work  in  the  north  drift  had  been  extended  12.6  ft.  or  to  23.6  ft.  from  the 
shaft  by  two  days'  work  during  the  month  of  September.  It  was  resinned  on 
Feb.  11,  and  completed  to  a  point  55.4  ft.  from  the  shaft  and  13.8  ft.  from  the 
connection  with  the  Blue  Island  tunnel.  A  gate  shaft  about  350  ft.  west  of 
the  connection  permitted  the  closing  of  this  section  of  the  Blue  Island  tunnel 
as  the  end  of  this  tunnel  is  about  100  ft.  east  of  the  connection.  The  tunnel 
was  pumped  out  and  the  connection  made.  As  the  Blue  Island  tunnel  is 
Imed  with  concrete,  this  material  was  used  to  make  the  conkection  and  was 
carried  back  in  the  eonneciing  tuimel  for  a  distance  of  14.55  ft. 

The  compressor  wafi  shut  down  on  Feb.  9  and  the  pressure  allowed  to  give 
out  by  the  working  of  the  air  lock  during  the  work  of  tearing  up  track.  The 
lock  shields  were  removed  and  the  slots,  left  in  the  lining  t)^  their  removal, 
were  concreted.  By  Feb.  28  both  drifts  were  entirely  deaned  out  and  a  cover 
of  steel  beams  and  concrete  was  placed  on  the  shaft.  The  equipment  and 
construction  buildings  were  then  removed,  leaving  the  site  clear  by  March  15. 

The  total  itemized  labor  time  in  days,  and  of  labor  costs  are  shown  in  Table 
XII.  This  includes  the  time  of  all  men  and  teams  for  the  work  from  the 
commencement  of  operations  until  March  17  when  all  plant  and  buildings, 
with  the  exception  of  the  office  building,  had  been  removed.  The  total  cost 
as  given  is  $50,556.20. 

Table  XI. — Total  and  Unit  Costs 

-Shaft ^Tunnel Grand 


Per  lin.  ft.       Total       Per  lin.  ft.         Total  total 

Engin«ering     and 

inspection $10.12  $     708.04  $2.05  $2,434.47  $3,142.51 

Labor 34.97  2,447.96  24.90  29.529,06  31,977.02 

Materials 21.70  1,519.00  7.02  8,320.^7  9,839.27 

Plant 8.32  582.05  4.23  6,015.44  5,597.49 

Total $75.11       $5,257.05     $38.20       $45,299.24     $50,556.29 

Tabl6  XI  gives  the  total  and  unit  costs  for  the  work  as  distributed  for  the 
various  classes  of  work  on  the  shaft  and  on  the  tunn^.  The  unit  cost  for  Uie 
shaft  is  given  in  this  table  as  $75. 1 1  as  compared  with  $66.79  given  previously. 
The  difference  is  due  to  the  addition  of  a  proportionate  charge  to  the  shaft 
work  of  the  total. cost  of  the  plant.  The  plant  included  in  this  charge  is  as 
follows: 

Machinery,  cars,  etc $3 ,  757. 51 

Rails  and  switches 464. 59 

Lumber 773. 52 

Pipe  fittings. 138. 98 

Miscellaneous 462.  89 


Total $5,597. 49 

The  plant  has  been  charged  entirely  into  the  work  according  to  the  figures 
in  Table  XI  and  distributed  between  the  shaft  and  tunnel  proportionately  to 
the  total  costs  of  those  items.  This  charge  is  an  arbitrary  charge  and  should 
be  reduced  by  charging  only  the  depreciation  of  the  plant  against  the  work. 
To  do  this  2  per  cent  of  its  value  should  be  charged  against  the  work  each 
month,  or  20  per  cent  for  the  ten  months.  This  would  reduce  the  plant  charge 
on  the  shaft  by  $6.64  making  the  total  cost  of  the  shaft  $68.47  per  lin.  ft., 
and  would  reduce  the  cost  of  the  tunnel  $3.38  per  lineal  foot  making  this  item 
$34.82  per  lineal  foot  instead  of  $38.20.  In  calculating  the  unit  cost  of  the 
tunnel  1,186  )in.  ft.  was  used  as  the  total  length,  as  30  ft.  of  the  length  of  the 
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timoel  is  ki^uded  in  the  construction  of  the  shaft  and  in  the  turning  of 
the  eyes,  and  this  length  was  charged  to  the  shaft  construction. 

The  materials  used  per  lineal  foot  of  tunnel  are  indicated  by  the  following 
table  which  is  prepared  from  a  record  of  materials  used  from  Oct.  4  to  Jan. 
16,  during  which  time  840  lin.  ft.  of  tunnel  were  built: 

Number  brick  per  lin.  ft.  of  tunnel 522.  5 

Barrels  Utica  cement  per  lin.  ft .92 

Barrels  Universal  cement  per  lin.  ft .50 

Cu.  ft.  sand  per  lin.  ft -  ^ , . .,  j . .  ,  1. 14 

The  tunnel  was  constructed  by  the  City  by  day  labor  imder  the  supervision 
of  the  construction  division  of  the  Bureau  of  Engineering. 

Tablb  XII. — Total  Itbmxzbo  Labor  Cost  op  Chicago  Atbnub   Tunnbi. 

Connection 

Rate 

per  ' Total- — 

day  Time  Amt. 

Asst.  engineer $      5.61            227         '      $1,380.69 

Rodman > 2^96            240  836^82 

Mining  inspector 5. 00             185  925..06 

Supt.  and  foreman 8. 06  

Supt.  and  foreman «2fl0.00            147  1,887. 02 

Bncklayer  foreman 11.00 .-. 

Bricklayer  foreman  ......# ^250. 00            186H  1 ',  doS 

Tunnel  miners 4.00  1,233|^  4,934 

Muckers 3. 50             740H  2.691. 75 


2.80 

476 

1,587.94 

5.20 

336 

1.747,20 

5.00 

216 

1,080.00 

2.50 

443 

1 , 163. 50 

4.50 

2251^ 

981.75 

4.00 

236H 

1,024.00 

10.00 

222H 

2,223.00 

2.75 

72 

198.00 

4.00 

^SIH 

2.330.88 

5.50 

69.2 

380.46 

6.00 

SH 

53.25 
1.254.00 

5.50 

228 

6.00 

64H 

'387.00 

Laborers.. 3.00        1,42^J^  .  4,270, 


Hoist  engineers 5.80.  416H  2.413.8$ 

Firemen •OO.  00 

Firemen 

Carpenters 

Blacksmith 

Watchmen 

Heading  boss 

Look  tender 

Bricklayers 

Laborers 

Bricklayer  tenders 

Mide  and  driver 

Electrician 

Double  teams 

Asst.  foreman 

Totals 7,977.65        $35,119.53 

♦  Month. 

Cost  of  a  Britik  lined  Tiumel  for  36^In.  Wkter  Mtin  Under  Chelsea  Creek, 
Boston*  Mass. — ^Wflliam  E.  Foss  gives  the  following  data-in  Engineering  and 
Contracting.  Aug.  6,  1914.    The  work  was  done  by  day  labor..      .  . 

For  the  purpose  of  guairding  against  the  i  interruption  of  the  supply  of  the 
East  Boston  low^^ervice  district  by  the  brecddng  of  the  existhig  mains,  a  new 
86-in.  main  was  laid  in  a  different  looatioB.  'This  new  main  oonsects  with 
existing  20-in.  and  24-in.  mains  in  Chelsea  and  extends  along  the  northerly 
shore  of  the  creek  tol  a  point  near  the  Chelsea  Stfae*  bridge  leading. to  JCast 
Boston,  wliere  it  turns  easterly  and  crosses  undev.the  jcfcamifA  tbrought  a  lunnel 
504  ft.  long  to  ^e  E^  Boston  shore.  ConsU-uotion  of  this  britk-Uned  tunnel, 
for  carrying  the  36-ln.  cast-iron  water  main  tmdes  the  creek,  was  carried  out 
by  day  labor  from  July,  IWO,  to  January,  1911.  t 

The  tunnel  is  located  about  26  ft.  doim'  stream  -from  the  westerly  side  line 
of  the  dielsea  Street  bridge,  and  inehides  a  vertioal  shaft  at  each  side  of  the 
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cieek,  9  ft.  4  ins.  outside  diameter,  with  top  at  eleviktion  14  on  the  Chelfles 
shore  and  at  Ovation  10  on  the  East  Boston  shore.  The  horizontal  section 
of  the  tunneii  joining  the  shafts,  is  400  ft.  in  length,  8  ft.  2  ins.  outside  diameter 
with  the  t<H;>  36  ft.  below  mean  low  Water  at  the  Chelsea  end.  The  shafts 
were  constructed  with  12-in.  and  the  horizontal  portion  of  the  tunnel  with  8-in. 
brick  walls. 

The  Chelsea  shaft  rises  about  12  ft.  above  the  bed  of  the  creek  and  is  pro- 
tected by  a  steel  casing  which  extends  about  13  ft.  into  the  silt  bottom.  The 
East  Boston  shaft  was  sunk  through  the  earth  Ming,  bade  of  the  masonry 
8^  wall,  and  is  protected l)y  a  steel  casing  for  a  distance  of  8  ft.  below  the  top. 

The  axis  of  the  horizontal  section  of  the  36-in.  pipe,  which  was  laid  in  the 
tunnel,  is  at  elevation  —  40.  The  pipes  were  laid  with  H-in.  opening  between 
the  end  of  the  spigot  and  the  bottom  of  the  socket,  and  the  joints  were  run  sc^d 
with  lead  and  were  calked  both  inside  and  outside  after  the  pipe  was  laid.  The 
space  between  the  pipe  and  the  brick  wall  was  filled  with  Portland  cement 
concrete. 

Special  36-in.  branches  were  used  at  the  junction  of  the  horizontal  and  verti- 
cal portions  of  the  pipe  line.  Thirty-six-inch  K  curves  with  manholes  were 
set  at  the  top  of  the  shafts.    The  pipes  used  were  1.61  ins.  thick. 

The  steam  plant  for  operating  the  air  compressors,  hoists  and  electric  light- 
ing plant  was  set  up  on  the  Chelsea  shore  of  the  creek  during  the  latter  part  of 
July,  and  the  work  of  sinking  the  shaft  was  beguii  during  the  week  ending 
August  13.  After  August  21,  when  the  air  lock  was  in  place,  the  work  was 
carried  on  continuously  during  24  hours  per  day,  with  three  shifts.  While 
excavating  the  mud  and  silt  just  below  the  bed  of  the  creek  some  inconven- 
ience was  experienced  on  account  of  gas,  which  entered  the  shaft  and  affected 
the  eyes  of  the  workmen. 

The  work  of  excavating  and  lining  the  shaft  was  completed  about  Septem- 
ber 1.  An  air  lock  was  then  built  at  the  entrance  to  the  horizontal  portion 
of  the  timnel,  and  the  small  lock  which  had  been  used  for  sinking  the  shaft  was 
removed.  The  excavation  and  lining  of  the  horizontal  portion  of  the  tunnel 
progrested  at  the  rate  of  about  5  ft.  per  day.  The  air  pressure  maintained 
varied  from  14  to  23  lbs.  per  square  inch,  according  to  the  stage  of  the  tide  in 
the  cre^  above. 

On  October  13  a  blow-out  occurred  about  150  ft.  from  the  Chelsea  shaft  %t 
a  point  where  a  pile  had  been  removed.  As  a  result,  the  timnel  was  flooded 
with  water  to  a  depth  of  about  4  ft.  After  the  hole  was  stopped  the  water 
was  pumped  out,  and  the  work  proceeded  without  further  mishap. 

On  the  East  Boston  skle  of  the  creek  the  material  excfuvated  was  haidpan 
containing  bouklers,  which  required  aome  blasting,  so  that  the  rate  of  progress 
was  less  than  it  had  been  in  the  sand  and  clay  on  the  Chelsea  side  of  the  creek. 
A  2K-ln.  steel  pipe  was  driven,  during  Uie  wedc  ending  November  12,  on  the 
center  line  of  the  tunnel  near  the  Bast  Boston  end,  from  the  surface  of  the 
ground  to  the  center  of  the  tunnel,  for  use  in  supplying  compressed  air  for 
sinking  the  East  Boston  shaft. 

Work  in  the  tunnel  was  disoiHitinued  on  November  17v  when  steel  sections 
of  the  East  Biost<m  diaft  and  the  hoisting  engine  were  set  up  on  the  East 
Boston  ride  of  the  creek.  On  November  18  the  work  of  exott^ating  the  East 
Boston  shaft  was  begun,  and  on  November  24  air  pressure  was  applied. 

An  opening  was  made  from  the  bottom  of  tlu  shaft  into  the  tunnel  oiB 
December  3.  AH  excavation  and  the  brick  lining  for  the  tunnel  were  com- 
pleted on  £>eoeniber  6,  and  tiie  air  pressure  was  removed  on  the  morning  of 
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December  9.  A  total  of  104  Un.  ft.  of  shaft  and  400  ft.  of  tunnel  were  l^uiR. 
The  tunnel  was  cleaned  out  and  plastered  and,  after  calking  a  few  sm^Il  leaks, 
was  substantially  watertight. 

The  force  ^nployed  on  this  work  while  working  continuously  under  air 
pressure  averaged  about  15  men  for  each  ot  the  three  shifts. .  After  the  air 
pressure  was  removed  the  woric  was  carried  oq  with  three  shifts  working  six 
days  per  week,  the  force  employed  averaging  about  16  men  per  shift.  The 
wages  p*id^  pdoe  of  materials  and  genei»l  expenses  w^ie  as  follows :  • 

PsiCES  Paid  for  Labor  . 

For    S-hour    day 

Exkgiiieer  in  ohavge  of  phmt v $5. 00 

Engineer , , 4. 00 

Firepian 2. 40 

Head  miner  and  foreman 4. 00 

Miner 2.80 

Tunnel  laborer , . ,  ~ 2. 40 

Laborer 2. 00 

Calker 3.  60 

Head  mason 7. 20 

Mason^ 6.40 

Boy 1.60 

Double  team  with  driver 5. 00 

Prices  Paid  for  Materials 

Brick,  delivered  on  #ork,  per  M $9.  70 

Portland  cement,  delivered  on  work  in  bags  (credit  for  empty  bags 

returned,  6)^  cts.  each),  per  bbl 1. 68 

Coal,  delivered  on  work  (for  14,700  B.t.u.  per  pound  of  dry  coal),  per 

gross  ton 4. 10 

Ipswich  sand,  delivered  on  wharf,  for  brickwork,  per  ton 0.  75 

Hum  Island  sand,  delivered  on  wharf,  for  concrete,  per  ton 0.  75 

Bank  sand,  delivered  on  cars  at  bank,  per  cu.  yd < . , 0. 35 , 

Freight,  additional,  per  ou.  yd 0.  35 

Teaming,  additional,  per  cu.  yd . . . . , , 0. 40 

Screened  gravel  for  concrete,  deliver6d  on  cars  at  bank,  p«r  cu.  yd 0. 75 

Freight,  additional,  per  cu.  yd 0. 35 

Teaming,  additional,  per  cu.  yd * 0. 43 

Broken  stone  for  concrete,  delivered  on  work,  per  ton 1 .  50 

Lead,  per  100  lbs .' 4. 675 

General  Expenses 

Superintendence  and  rental  of  i^nt $  7 ,  700, 00 

Instalting  plant: 

Labor $    412.  90 

Teaming. 130. 00 

Supplies >21. 19 


Housing  plant: 

Labor 525. 85 

Lumber.  $743  77 ;  $205.36  received  for  old  lumber . .  538. 41 

Miscellaneous  supplies 39. 78 

Operating  plant: 

Labor 4,234. 40 

Coal ••  .  .  1,947.65 

Water  for  boilers  and  compressors 225.  35 

Miscellaneous  supphes 538. 49 

Removing  plant: 

Labor. 230. 80 

Teaming 106. 00 


664.09 


1,104.04 


6,945.89 


336.80 


Rental  of  land. 195. 00 

Miscellaneous  expense .  * 88. 35 

Total  genwal  expenses $17,034. 17 
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The  plant  was  operated  from  7  a.  m.  Aug.  11, 1910,  to  4  p.  m.  Jan.  1 1, 1911. 
a  total  of  4,017  hours.  The  cost  of  general  expenses  per  hour  was  thereford 
$4.24. 

Earth  Exeavation. — ^About  1,040  cu.  yds.  of  earth  were  excavated  under  air 
pressure  of  14  to  23  lbs.  per  square  inch.  Work  was  contiBUous  for  three 
shifts  per  24  hours.  The  mud  imd  silt  was  excavated  just  below  the  bed  of 
the  creek  at  the  shaft  on  Chelsea  shore.  Fine  sand  and  gravel  were  excavated 
for  10  ft.  below  the  silt,  and  the  bottom  5  ft.  of  excavatimi  was  in  day. 

The  shaft  on  the  East  Boston  shore  was  excavated  through  filling  of  clay 
and  ashes  for  a  depth  of  25  ft.,  coarse  gravel  for  a  depth'of  15  ft.,  and  below  this 
line  the  excavation  was  in  hard  pan.  The  horizontal  portion  of  the  tunnel 
was  excavated  through  stratified  sand,  clay  and  gravel,  the  strata  dipping 
about  6°  towards  the  Chelsea  shore,  so  that  for  the  first  portion  of  the  work  the 
floor  was  in  clay  and  the  arch  in  sand.  As  the  work  progressed  the  floor  was 
in  gravel  and  the  arch  in  clay,  and  at  the  East  Boston  end  the  entire  excava- 
tion was  in  hard  pan,  with  some  boulders  which  required  blasting.  The  cost 
of  earth  excavation  was  as  follows: 

Per   cent 
Cost  of  total 

General  expenses $10, 190. 40  40. 0 

Steel  casings  for  shaft 833. 00  4.1 

Roof  plates  for  tunnel 1 ,387.  31  6.  8 

Lumber 98.  96  0.  5 

Tools 112.36  0.6 

Labor 7,778. 70  38. 1 

Total $20,400. 73 

Cost  per  lin.  ft.  of  tunnel 40.  68      /  ^ 

Cost  per  cu.  yd 19. 62 

Brick  Lining. — ^Approximately  320  cu.  yds.  of  brick  masonry  were  built 

under  air  pressure  of  14  to  23  lbs.  per  square  inch.     Work  wa»<;ontinuous  for 

three  shifts  per  24  hours. 

Per   cent 
Cost  of  total 

General  expenses $  3,078. 64  29. 2 

Brick 1,971. 52  18. 7 

Cement 1,129.00  10.7 

Sand 331.39  3.1 

Mason 1 ,  210. 80  11.5 

Labor 2,786.25  26.5 

Miscellaneous  supplies 36. 76  0. 3 

Total $10,544.  36 

Cost  per  lin.  ft.  of  tunnel 21 .  03 

Cost  per  cu.  yd.  of  tunnel 32. 95 

Laying  36- Jn.  Pipe. — Five  hundred  and  three  feet  of  36-in.  pipe  were  laid. 
Work  was  continuous  for  six  days  per  week  with  three  shifts  per  24  hours. 

Per  cent 
Cost  of  total 

General  expenses $1 ,  708. 90  42. 2 

Lead , 382.41  9.4 

Calking 262. 00  0.2 

Labor 1,661.10  41.0 

Tools  and  miscellaneous 60. 26  1.2 

Total '$4,064.72 

Cost  per  lin.  ft.  of  tunnel 8. 08 
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Portland  C&meni  Concrete  Protection  for  Pipe. — ^Four  bundled  and  seventy- 
eight  yards  of  concrete  were  placed.  Frost  was  lemoved  from  the  sand  and 
gravel  for  concreting,  by  steam.  The  materials  were  mixed  in  the  following 
proportions:  380  lbs.  of  cement,  10  cu.  ft.  of  sand,  18  cu.  ft.  of  gravel.  Work 
was  continuous  for  six  days  per  week  with  three  shifts  per  24  hours. 


Per  cent 

Cost  of  total 

General  expenses %2,066. 17  35. 8 

Cement 917. 11  16. 0 

Sand  and  gravel 744. 16  13.  0 

Labor 1,904.70  34.8 

Miscellaneous  expenses 25. 00  0. 4 


Total $5.737. 13 

Cost  per  lin.  ft.  of  tunnel 11. 44 

Cost  per  cu.  yd.  of  tunnel , 12. 00 


Cost  of  Cast  Iron  Pipe  and  Specials 

The  cost  of  the  cast  iron  pipe  and  special  castings  was  as  follows: 

36-in.  cast  iron  pipe,  class  H: 

157.348  tons  straisbt  pipe,  delivered  on  wharf,  at  S24.40  per  ton $3 ,  839. 29 

Cost  per  lin.  ft.  of  tunnel 7. 65 

36-in.  oast  iron  specials: 

11,1605  tons,  delivered  on  wharf,  at  $49.  ..:\ 546.86 

Cost  per  lin.  ft.  of  tunnel ^ 1,09 


Summary  op  Costs 

Cost  per 
Total  Un.  ft. 

cost  of  tunnel 

Earth  excavation $20,400.  73  $40. 68 

Brick  lining 10,544.  36  21.  03 

Lasring  36-in.  iMpe 4,054.  72  8.  08 

Portland  cement  concrete  protection  for  pipe 5, 737. 13  11. 44 

$40,736.94  $81.23 

6-in.  cast  u-on  pipe $3,839.  29  $  7. 65 

36-in.  special  castings     546. 86  l.  09 

Total* $45,123.09  $89.97 

*  Exclusive  of  land  damages  and  engineering  and  testii^g  and  miscellaneous 
These  items  amounted  to  a  sum  of  $5,687.53  additional,  making  the  total  cost 
$50,810.62.  ^ 
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Con$truetum  Plant, — ^Follofwiiig  is  a  list  of  fhe  oonstnietloo  pltaA  units 
employed  and  tbeir  estimated  value  when  new: 

"Egt.  rahie 
when  new 

1  air  comiNMssor.  IngtnciA  No.  119,  24  X  24K  XMim $  2,7€0 

1  air  eompresBor,  Ingersotl  No.  82,  18  X  18H  X24iiis 2.200 

2  75  hp.  vertical  Manning  txHlers,  60  X  13  ins 2,400 

1  60  hp.  horizontal  Economical  boiler,  50  ins.  X  10  ft 700 

2  air  receivers,  4  X  12  ft 200 

1  shaft  lock.  6  X  6  ft 700 

1  tunnel  lode,  6  X  12  ft 225 

1  4  X  3-in.  WortMngton  duplex  pump 200 

1  4  X  3-in.  Knowles  dvplex  pump 200 

1  head  house  and  conveyor 200 

1  12  hp.  Paine  dynamo  engine 500 

1  Crocker- Wheeler  generator,  50  amperes.  110  volts,  12,000  r.p.m 130 

1  two-drum,  20  hp.  double  cylinder,  Floyd  Mfg.  Co.  hoisting  engine 

and  boiler 1,200 

1  20  hp.  double  cylinder  Kendal  &  Roberts  hoisting  engine,  without 

boiler 600 

5  tons  steel  rails 200 

3  car  trucks,  with  wheels,  axles  and  boxes 105 

Centers,  ribs  and  lagging 100 

Hpe  and  fittings 500 

Total $13,240 

6  skips,  6  X  2M  X  2H  ft 180 

Cost  of  Water  Pipe  Titimel  Under  Mystic  River,  Chelsea,  Mass. — The  Work 
of  widening  and  deepening  the  draw  at  the  Mystic  River  bridge  between 
Charlestown  and  Chelsea  necessitated  an  extension,  in  1912,  of  the  existing 
tunnel  a  distance  of  273  ft.  from  the  old  shaft  on  the  Charlestown  side  of  the 
former  channel.  William  E.  Foes  describes  this  work  in  Engineering  and 
Contracting,  Oct.  14,  1914,  from  which  article  the  following  data  are  taken. 
The  work  was  begun  March  8  and  was  completed  Sept.  11,  1912.  It  was 
done  by  the  pneumatic  process,  the  {iressure  vtayiag  from  19  to  27.5  lbs.  per 
square  inch.  The  work  was  carried  on  continuously  with  a  day  labor  force 
working  in  three  8-hour  shifts  per  24  hours, 
j  The  work  of  setting  up  the  boilers,  air  compressors,  electric  light  plant, 

>  hoisting  engines,  pmnps,  etc.,  was  begun  on  March  8,  and  during  the  week 

ending  March  23  the  water  was  pumped  out  of  the  old  timnel,  the  old  pipes 
removed  from  the  shaft  and  a  brick  bulldiead  24  ins.  thick  built  into  the  tunnel 
■  about  12  ft.  from  the  shaft.    An  air  lock  was  then  bolted  to  the  top  of  the 

shaft  and  on  April  1  the  air  pressure  was  applied.    The  brick  lining  was  then 
,  removed  at  the  bottom  of  the  shaft  and  the  work  of  driving  the  timnel  ext^i- 

1  sion  began  on  April  8.     While  a  circular  steel  shield,  and  wooden  lagging  were 

,  used  in  1900,  steel  roof  plates  have  been  used  and  the  wooden  lagging  has  been 

I  omitted  in  all  subaqueous  tunnel  work  since  that  date. 

Rock  was  encountered  in  the  lower  part  of  the  heading  and  rose  as  the  head- 
j  ing  advanced  until  at  a  distance  of  24  ft.  from  the  center  of  the  old  shaft  the 

j  tunnel  was  entirely  In  rock  and  so  continued  for  a  distance  of  200  ft.     The 

work  of  lining  the  tunnel  with  brick  was  commenced  on  April  13  and  both 
excavation  and  lining  were  carried  forward  at  the  rate  of  about  2  ft.  in  24  hours 
until  July  17,  when  the  brick  lining  had  been  advanced  206.5  ft.  beyond  the 
old  shaft.  A  brick  bulkhead  was  then  built  near  the  end  of  the  finished  bride- 
''ork  and  the  lined  pdrtion  of  the  tunnel  cleaned,  plastered  with  cement  mor- 
"  and  washed  with  cement  grout.    A  concrete  bulkhead  reinforced  with  steel 


J 
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rails  was  then  built  into  the  old  shaft,  above  the  tunnel,  and  on  July  25  the 
removal  of  the  brickwork  of  the  old  shaft  was  commenced. 

The  tunnel  is  6  ft.  in  interior  diameter  with  a  12-in.  wall  of  brick  masonry, 
except  at  places  in  solid  rock  where  the  wail  is  8  ins.  thick.    The  center  line 
of  the  tunnel  is  about  43.5  ft.  below  mean  low  water. 
.  The  fpllowing  prices  were  paid  for  labor: 

Enginter,  per  week  averaging  byi  days $25. 00 

Fireman,  per  week  averaging  byi  days ^ 17. 00 

Head  miner,  per  week  averaging  7  days 33. 60 

Miner,  per  8-hour  day 3. 20 

Miner,  per  8-hour  day 2. 80 

Looktender,  per  8-hour  day 2. 80 

Topman,  per  8-hour  day 2. 80 

Laborer,  per  8-hour  day 2. 40 

Laborer,  per  8-hour  day 2. 25 

Blacksmith,  per  8-hour  day 3. 00 

Mason  (day  work),  per  8-hour  day 6. 40 

Mason  ^piece  work,  tunnel),  per  linear  foot  of  ttmnel 2. 00 

Mason  (piece  work,  shaft),  per  linear  foot  of  shaft <3. 00 

The  following  prices  were  paid  for  materials: 

Brick,  delivered  on  work,  per  M $  9. 20 

Portland  cement,  delivered  on  work  in  bags,  per  bbl 1. 46 

Coal,  per  ton ; 5. 25 

Coal,  per  ton 4. 20 

Coal,  per  ton .• 3. 95 

Lumber,  spruce,  per  M.  ft.  B.  M $24  to  29.00 

Lumber,  hard  pine,  per  M.  ft.  B.  M 35.  00 

Sand,  delivered  on  work,  per  cu.  yd 1. 30 

Stoue,  broken,  delivered  on  work,  per  ton 1 .  40 

Clay,  delivered  on  work,  per  cu.  yd 2.  50 

Dynamite,  not  delivered,  per  100  lbs 18. 40 

Large  tunnel  plates,  each 1.  (X) 

Small  tunnel  plates,  each 0.  65 

Lighter,  per  day  (and  lump  sum  prices  for  special  work) 25. 00 

Rental  of  plant  and  services  of  assistant  per  day 30. 00 

Conttructton  Plant. — The  construction  plant  employed  was  as  follows: 

Estimated 

value 
when  new 
1  Air  compressor,  IngersoU-Rand,  18  X  J4  X  24-in. 

1  Air  compressor,  Knowles.  12  X  18  X  18-in. 

2  75-hp.  vertical  Manning  boilers,  60  ins.  X  13  ft $2,400. 00 

1  Air  receiver,  3  ft.  X  7  ft. 

1  Shaft  lock,  6  ft.  X  6  ft 700. 00 

1  Knowles  4  X  3-in.  duplex  pump 200. 00 

1  Worthington  2  X  1-in.  duplex  pump 200. 00 

1  Edson  pump,  IM-iu-  discharge. 

1  Head  house  wheel,  2.75-ft.  diameter. 

1  12-hp.  Paine  dynamo  engine 500. 00 

1  Generator,  50  amperes,  1 10  volts 130. 00 

1  Two-drum,  20-hp.,  double  cylinder  hoisting  engine  and  boiler 1 ,  200,00 

1  Ton  steel  rails 40. 00 

3  Car  trucks  with  wheels,  axles  and  boxes 105.  (X) 

3  Skips,  5  X  2.4  X  2.1 90. 00 

6  Cylindrical  buckets 180. 00 

5  3-ft.  radius  ribs  for  lagging. 

Pipe  and  fittings. 
36  12-m.  bracing  jacks. 

1  Portable  forge 30.00 

2  Wheelbarrows 6.00 

1  150-lb.  medium  anvil. 


1348  HANDBOOK  OF  CONSTRUCTION  COST 

Oeneral  Bxpentet. — The  following  general  expenses  were  incurred: 


Superintendence %  2,400. 00 

Rental  of  plant  and  services  of  assistant 5 ,  520. 00 

Installing  Plant: 

Labor $    090. 03 

Teams  and  Ughter 135. 00 

Supplies 562. 76 

1.387.79 

Hoisting  plant: 

Labor $     797.00 

Lumber 532. 92 

Supplies 54. 20 

1.384.12 

Operating  plant: 

l.abor $7.860. 22 

Coal 2.889.60 

Miscellaneous  supplies 208.  52 

Miscellaneous  teaming 48. 00 

11.006.34 

Removing  plant: 

Labor S    421. 25 

Teams  and  lighter 190. 00 

611.25 

Preliminary  and  incidental  expenses: 

Pumping  water  from  old  tunnel $    888. 32 

Builmng  and  removing  bulkheads 382. 58 

Cutting  brickwork  in  old  tunnel 491. 08 

Cleaning  out  finished  tunnel,  etc 276. 38 

1.638.36 

Total  general  expenses $23,847. 86 


The  plant  was  operated  4,248  hours,  from  7: 30  a.  m.,  March  13,  to  7: 30  a. 
m..  Sept.  6,  1912.    Cost  of  general  expenses  per  hour.  $5.61. 

Earth  Excavation. — ^About  301  cu.  yds.  of  earth  was  excavated  under  air 
pressure  of  19  to  27H  ihs.  per  square  inch.  Work  was  continuous  for  three 
shifts  per  24  hours.  Material  encountered  in  the  shaft  varied  from  fine  sUty 
sand  at  the  bed  of  the  river  to  sand  and  coarse  gravel,  with  some  boulders,  at 
the  elevation  of  the  tunnel.  In  the  horizontal  portion  of  the  tunnel  the  mate- 
rial was  largely  blue  gravel. 


% 


Per    cent 
of  total 

General  expenses $5.277. 34  56. 8 

Steel  casing  for  shaft 760. 00  8.2 

Roof  plates  for  tunnel 510. 85  5.5 

Clay 96.99  1.1 

Tools 21.58  0.2 

Miscellaneous  supplies 23. 86  0. 3 

Labor 2.506.10  26.9 

Use  of  lighter  setting  steel  Casing 93.33  1.0 

Total $9,290.05 

Cost  per  linear  foot $61. 18 

Cost  per  cu.  yd.  of  excavation 30. 90 


Rock  Excavation. — ^Approximately  302  cu.  yds.  of  rock  was  excavated  In 
the  horizontal  portion  of  the  tunnel.  The  rode  was  of  a  hard,  though  seamy, 
texture  and  required  blasting.    The  air  pressure  used  was  the  same  as  when 
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tbe  heading;  w&s  in  earth.    When  the  heading  was  in  solid  rock,  about  2.6  lbs. 

of  dynamite  was  used  pe^  hnear  foot. 

JPer  cent 
of  total 

General  expenses $12,025. 43  59. 1 

Roof  plates  for  tunnel 493.  53  2. 4 

Blasting  supplies , 91.  38  0.  5 

Clay..... 60.46  0.3 

Tools.. 21.56  0.1   , 

Miscellaneous  supplies  and  expenses 47. 22  0.2 

Labor 7,694.73  37.4 

Total $20,334.  30 

Cost  per  linear  foot $130. 85 

Cost  per  cu.  yd.  of  excavation 67. 29 

Brick  Lining. — ^About  310  CU.  yds.  of  brick  masonry  (including  concrete 
base  at  foot  of  new  shaft  and  concrete  plug  in  old  shaft)  was  built,  with  an 
ur  pressure  of  19  to  27H  lbs.  per  square  inch.  Brick  masons  were  pai^  largely 
by  piece  work. 

Per  cent 
of  total 

General  expenses $  4 ,  368. 84  39. 7 

Brick 1,304.96  11.8 

Cement ;      727.22  6.6 

Sand 186.37  1.7 

Lumber 63. 48  0.  5 

Miscellaneous  supplies 88i  62  0. 8 

Use  of  lighter  placing  shaft 121.67  1.1 

Brick  mason 793. 40  7. 2 

Labor 3,369.08  30.6 

Total $11,013.64 

Cost  per  linear  foot , $33. 18 

Cost  per  cubic  yard ' ' . . .     35. 55 

Removing  Old  Shaft. — ^About  29  CU.  yds  of  brickwork  were  removed  from  the 
old  shaft  with  the  use  of  dynamite  and  bidl  pointing.  The  upper  18  ft.  of 
brickwork  were  left  in  the  steel  casing,  which  was  withdrawn  by  lighters  and 
transported  to  the  Naval  Hospital  pier. 

General  expenses $2, 176. 26 

Blasting  supplies 19. 91 

Clay 30.05 

Miscellaneous 32. 37 

Labor 1,165.36 

Use  of  lighter  handling  shaft 440. 00 

$  3,853.94 

Credit  for  steelwork  sold  as  junk 72. 00 

ToUl  for  removing  old  shaft $  3,781. 94 

Cost  per  linear  foot $         74. 16 

Summary  of  Costs 

Earth  excavation , $  9,290. 05 

Rock  excavation 20,334.  30 

Brick  lining 11,013. 54 

Removing  old  shaft 3,781.94 

$44,419.83 
Engineering 2 ,  200. 63 

Total  eost $46,620.46 

Cost  per  linear  foot  of  complete  tunnel 140. 85 

The  total  cost  per  foot  of  the  original  tunnel  built  in 

1900-1901  was $      156.00 
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Cost  oi  Two  Tunnels  in  Rock  Under  the  Brie  Cansl  for  the  Buffalo,  N.  T., 
Water  Works. — In  order  to  run  four  6(Mn.  maind  from  the  new  pumping 
station  to  the  main  part  of  the  city  of  Buffalo  all  four  are  obliged  to  cross  the 
Erie  Canal  a  short  distance  from  the  pumping  station.  Two  of  these  mains 
run  up  Jersey  St.  and  two  up  Porter  Ave.  and  it  was  decided  to  tunnel  under 
the  canal  at  these  two  points. 

The  following  data  relative  to  this  work  are  taken  from  a  series  of  artides 
by  C.  H.  Hollingsworth,  Supt.  for  the  contractors,  api)earing  in  EngioeeriDg 
and  Contracting,  April  17,  May  1  and  May  8,  1912. 

The  sections  of  the  Jersey  Street  and  Porter  Ave.  tunnels  were  the  same  in 
size  and  length,  i.e. — 18  ft.  wide  by  10  ft.  high  (finished)  and  220  ft.  c.  to  c.  of 
shafts*  The  main  difficulties  arose  in  excavating  the  shafts  where  large  vol- 
umes of  water  had  to  be  pumped.  The  finished  dimensions  of  the  shafts 
were  10  by  21  ft.  in  plsn  and  56  and  65  ft.  deep  respectively. 

Since  the  work  had  to  be  carried  on  in  winter  (in  order  not  to  block  the 
towpath  during  the  summer  months  while  the  canal  is  in  use)  the  di£Bcultie8 
were  greatly  intensified.  Mr.  Hollingsworth  gives  no  data  relative  to  the 
cost  of  excavating  the  shafts  but  says: 

The  shaft  sinking  was  one  of  the  hardest  propositions  in  that  line  that  the 
writer  has  ever  seen.  At  the  dryest  shaft  (No.  4)  the  pumpage  averaged  300 
gals,  per  minute  when  the  shaft  was  sunk  to  grade.  At  Shaft  3  the  leakage  was 
350  gals,  per  minute  after  it  had  been  sunk  the  full  depth,  but  at  times  during 
the  sinking  the  leakage  amounted  to  1,050  gals,  per  minute.  At  shaft  2  the 
leakage  at  times  during  the  sinking  ran  as  high  as  1,650  gals,  per  minute  and 
when  the  shaft  was  down  to  grade  it  was  400  gals,  per  minute.  In  Shaft  1  the 
leakage  at  times  ran  as  high  as  1,300  gals,  per  minute,  and  when  sunk  to  grade 
the  leakage  ran  about  500  gals,  per  minute.  From  these  figures  it  can  be 
seen  that  the  pumping  was  a  very  considerable  item  and  after  drilling  a  round 
it  was  a  serious  problem  to  remove  the  pumps  before  shooting  and  replace 
them  after  the  shot.  Oftentimes  there  was  6  ft.  of  water  in  the  shaft  before 
the  shot  could  be  fired.  Added  to  this  was  the  fact  that  the  severe  weather 
caused  everything  in  the  shafts  to  be  coated  with  ice  and  it  was  remarkable 
that  the  men  stuck  so  well  to  the  work.  Only  one  shaft  pump  was  used  and 
all  the  other  pumps — of  which  there  were  12  in  all,  used  at  different  times- 
were  horizontal,  duplex  plunger  pumps  of  various  sizes.  These  pumps  were 
hung  in  the  shaft,  being  suspended  from  the  timbering. 

Jersey  St.  Tunnel. — The  Jersey  St.  tunnel  was  driven  from  Shaft  4  and  mt 
started  Feb.  6,  but  as  the  first  two  rounds  had  to  be  drilled  from  tripods,  allow- 
ing the  use  of  only  two'machines,  the  progress  was  retarded  for  the  first  two 
days.  The  rock  in  this  tunnel  was  partly  black  fiint  and  partly  a  very  hard 
limestone.  The  rock  being  hard,  the  blasting  made  considerable  concuason. 
and  as  the  district  nearby  was  thickly  popidated,  a  steady  stream  of  com- 
plaints began  to  come  in.  To  make  matters  worse,  the  weather,  which  at  the 
start  of  the  blasting  was  mild  and  wet,  suddenly  turned  very  c(dd,  freezing  the 
ground  so  that  the  slightest  shock  was  transmitted  a  long  way.  "Wlndoin 
were  broken  and  crockery  was  shattered.  In  order  to  shut  o£F  some  of  the 
complaints,  the  following  system  was  tried:  First  a  roimd  of  8-ft.  holes  m 
drilled  and  fired  every  eight  hours  in  the  heading,  the  holes  being  spaced  as 
shown  by  Fig.  6,  and  two  rounds  were  drilled  on  the  bench.  In  shooting,  a 
order  to  make  as  little  disturbance  as  possible,  the  four  bottom  cut  holes  woe 
fired  first,  next  the  two  top  cut  holes,  next  the  six  holes  in  the  side  round  and 
lastly  the  five  dry  holes.    This  did  not  seem  to  please  the  public  any  better 
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than  when  the  entire  six  holes  in  the  cut  were  flied  in  (be  first  shot,  so  shorter 
boles  were  tried.  The  scheme  was  to  drill  ■  S-ft.  round  In  the  beading  and 
aboot  tour  times  in  24  hours,  Instead  of  three  times,  Tba  reaiilt  showed  that 
about  the  only  wa;  to  please  (he  lealdentB  In  the  nel^boihood  was  to  stop 
blasting  eittlrely,  and  as  this  could  not  Im  done,  the  writer  concluded  to  try  a 
method  of  his  own,  which  was  to  hurry  up  and  get  the  agODy  over,  so  the  three 


•Seefion  of  Heae^ing 


Aha 


Bench  P/an 

•t  hol«  for  blaetiog  in  tonnels. 
M^  Hole*  6,  7<  8-  H'  1^  "<d  13  -  cut  holts,  lat  allot  In  heading — Dnlinary  eiploden. 
.'L]^'Holea£.3.4,  15.  ISandl7  -  lideround.  Zdaliot in  headios—Ut  delay  eiplodsn 
"^1  H^eia  1.  5,  9,  10  and  U  -  dry  holeB,  2d  shot  in  heading— 2d  delay  eiplodera. 

.-    .-    .-^^  21   ^j  jg  _  („„p[,  hoiea.   Ist  Bhot  in  heading— ordinary 


It  in 


tii'l  §oiS "is",'  'io'.'so'i 

'?«J  HoS  23°iSd  M  - 
^j;Hole»25.28.  27  a 

it**^shol  schedule  was  resumed,  and  B  ft.  rounds  were  drilled,  the  entire  cut  being 
J  'Ared  In  ""^  A"'  round.  As  an  interesting  aide  light  on  the  question  of  short 
jflW'!holcs  versus  long  holes  in  drllltaB  a  headtag,  it  was  found  that,  while  the  three 
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shots  could  easily  be  made  in  24  hours,  with  an  average  advanoe  of  about  5.5 
ft.  the  four  d-ft.  rounds  could  not  be  drilled  and  shot  in  24  hours.  The  best 
that  could  be  done  was  at  the  rate  of  seven  shots  in  two  days,  avera^n^  4.1 
ft.  per  shot;  so  that  with  the  long  holes  the  daily  advance  was  15.6,  while 
with  the  short  holes  the  daily  progress  was  14.3.  showing  a  percentage  in  favor 
of  the  former  method.  The  amount  of  work  required  by  the  short  h<^ 
method  was  also  vastly  greater  for  the  small  progress,  as  it  required  an  extra 
setting  up  and  tearing  down,  and  the  shooting  time,  instead  of  coming  at  the 
end  of  the  shift,  came  to  all  sorts  of  unseemly  hours.  The  heading  was  taken 
out  15  ft.  wide  and  7  ft.  high,  leaving  a  bench  of  5H  ft.  Three  drilling  gangs 
were  used,  each  working  an  eight-hour  shift,  and  each  composed  of  one  head- 
ing foreman,  one  nipper,  four  drill  runners  and  four  helpers  in  the  heading  and 
one  runner  and  one  helper  on  the  bench.  This  gang  had  to  muck  out,  set  up, 
drill  an  8-ft.  round  and  shoot  in  eight  hours,  and  this  they  did  without  any 
trouble.  In  shooting,  delay  action  exploders  were  utilized  in  the  following 
way:  The  cut  holes  and  first  round  on  the  bench  were  loaded,  usin^r  the 
ordinary  exploders,  the  side  round  and  second  round  on  the  bench  were  loaded 
with  first  delay  exploders  and  the  dry  holes  were  loaded  with  second  delay 
exploders.  The  cut  and  the  two  bench  sounds  were  fired  first.  Then  if  the 
cut  needed  reloading  this  was  done,  using  ordinary  exploders,  after  which  it 
and  side  round  and  dry  holes  were  all  connected  up  and  fired,  making  only  two 
shots.  In  drilling,  Ingersoll  E-24  drills  with  3K-in.  cylinders  were  used, 
moimted  on  arms  and  6H-ft.  c<riumns.  An  air  pressure  of  about  105  lbs.  at 
the  compressors  was  maintained,  giving  an  eCFective  pressure  at  the  drills  of 
about  90  or  95  lbs.  The  powder  used  was  60  per  cent  dynamite  and  the 
compressed  air  was  used  to  blow  out  the  smoke  after  every  shot.  As  the 
timnels  were  short,  there  was  not  much  trouble  from  smoke.  The  heading 
was  at  all  times  kept  about  25  ft.  ahead  of  the  bench. 

In  mucking  a  muck  foreman  and  14  to  16  men  were  used.  The  muck  was 
loaded  into  IH  cu.  yd.  dump  buckets,  the  same  as  used  in  sinking  the  shafts. 
These  buckets  were  set  on  flat  cars  and  ^Kiien  loaded  were  run  out  to  the  shaft, 
picked  up  by  the  derrick  and  dumped  into  the  bottom  dump  wagons,  whidi 
hauled  the  muck  to  a  dump  a  short  distance  away.  These  wagons  took  just 
one  bucketful  each.  The  buckets  were  each  provided  with  a  safety  chain, 
with  a  snap  hook  in  case  the  trippihg  lever  of  the  bucket  should  catch  on  any 
of  the  timbers.  In  loading  the  buckets  in  the  tunnel  a  double  track  was  laid 
from  the  shift  into  the  bench  without  any  switches,  and  one  bucket  was  run 
in  and  loaded  partly  from  muck  wheeled  out  from  the  heading  in  wheelbarrows 
and  partly  by  shovelers  working  at  the  foot  of  the  bench.  While  this  bucket 
was  being  loaded,  the  one  on  the  other  tracks  had  been  pushed  out,  set  up. 
dumped  and  returned.  Instead  of  using  a  hook  on  the  derrick  to  hook  on 
to  the  buckets,  a  special  block  and  clevis  was  used.  This  was  to  prevent 
accidents  from  the  bucket  striking  a  timber  when  being  lowered  and  becoming 
unhooked.  The  <devis  was  about  as  quick  to  attadi  and  take  off  as  a  hook, 
and  was  much  safer.  Owing  to  the  hard  and  blocky  nature  of  the  rock  in  this 
tunnel,  no  extra  fast  progress  was  made,  although  a  fair  rate  was  maintained. 
During  the  first  week  a  progress  of  77.5  ft.  was  made,  but  for  the  first  two 
days  of  the  week  only  two  drills  on  tripods  could  be  used  in  starting  the  head- 
ing from  the  shaft  and  a  shot  was  lost  later  on,  as  the  gang  had  to  be  taken  back 
to  the  shaft  to  drill  a  sump  and  some  trimming  holes.  For  the  second  week, 
ending  Monday  forenoon,  Feb.  20,  the  progress  was  108.2  ft.  of  both  heading 
and  bench.    The  third  week  the  heading  was  completed  on  Wednesday  fore* 
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noon,  Feb.  22,  and  up  to  then  35.3  ft.  were  driven,  making  ^e  total  distance 
from  the  south  side  of  shaft  4  to  the  south  side  of  shaft  3  of  222  ft.  in  15  work* 
ing  days  (Indudtog  time  of  turning  the  heading),  or  about  15  ft.  per  day. 

In  trimming  off  the  additional  5  ft.  to  widen  the  tunnel  to  20  ft.,  it  was  first 
trimmed  out  to  full  width  for  a  distance  of  about  20  ft.  at  a  point  midway 
between  the  two  shafts.  From  this  point  the  trimming  was  worked  both 
ways,  using  four  drills  mounted  on  two  10-ft.  columns.  The  column  was  set 
up  dose,  to  the  rib  and  the  two  madiines  mounted  on  it.  Then  S^f t .  holes  were 
drilled  running  parallel  with  the  tunnel  line.  Four  holes  were  drilled  dose  to 
the  rib  and  two  about  2  ft.  out.  The  latter  were  fired  first  and  the  other  four 
holes  later.  In  this  way  each  shift  advanced  about  7  ft.  in  each  direction, 
or  14  ft.  in  all,  and  the  220  ft.  of  trimming  took  just  16  shifts,  or  5H  dajrs.  A 
line  of  12  X  12-in.  timbers  on  the  exact  center  line  of  the  tunnel  was  i^aoed 
with  the  timbers  12  ft.  centers.  These  timbers  were  kept  about  12  ft.  behind 
the  face  of  the  trimming.  The  tracks  for  the  muck  cars  were  left  in  their 
original  locations  and  used  for  the  trimming  work,  as  the  greater  part  of  this 
muck  was  thrown  well  across  both  tracks. 

Tablb  XIII. — Cost  of  Excavating  Jbrsbt  St.  Tunnui, 

(Progress    18   lin.   ft.  per  day;  area  excavated  187M  sq.  yds.;  cubic  yards  per 

24  hours,  121) 
Excavation  per  day:  Cost 

Same  as  at  Porter  ave..  Table  XIV $199. 50 

Disposal  per  day: 
Same  as  at  Porter  ave.,  Table  XIV 99. 00 

Total $298. 50 

SUMMABT 

Item  Per  ou   yd. 

Excavation $1.65 

Disposal 82 

3  lbs.  powder  at  14  cts .42 

Exploders,  wire,  etc .04 

Total $2.93 

The  cost  of  widening  this  tunnel  from  15  to  20  ft.  was  $2.97  per  cubic  yard. 

Porter  Avenue  Tunnel. — The  Porter  Ave.  tunnel,  was  driven  from  Shaft  1, 
the  heading  being  turned  Monday,  Feb.  13.  The  heading  was  in  a  belt  of 
fine  grained  hard  sandstone  about  7  ft.  thick,  reaching  from  the  roof  grade 
to  the  top  of  the  bench.  This  stratum  was  without  any  slips  or  seams  what- 
ever and  was  excellent  rock.  In  spite  of  the  fact  that  the  heading  was  turned 
with  two  machines  on  tripods,  they  drilled  and  shot  a  10-ft.  round  in  eight 
hours.  The  heading  and  bench  were  carried  on  by  the  same  methods  as  the 
Jersey  St.  tunnel.  Owing  to  the  scarcity  of  men,  only  two  drilling  shifts  were 
put  on  at  first,  and  the  heading  ran  about  50  ft.  ahead  of  the  bench  the  first 
week,  but  this  was  reduced  to  25  ft.  during  the  second  week.  As  the  rock 
drilled  and  broke  well,  a  10-ft.  round  could  have  been  drilled  and  fired  every 
eight  hours,  but  for  the  fact  that  the  city  authorities  about  this  time  limited 
the  depth  of  holes  to  8  ft.  on  accoimt  of  complaints  regarding  the  jar  of  the 
blasting.  The  progress  was  much  better  in  this  tunnel  than  at  Jersey  St. 
As  stated  before,  only  two  drilling  shifts  were  worked  during  the  first  week, 
and  the  progress  for  that  week  ending  Feb.  20  was  96  ft.,  including  in  this* 
however^  two  shots  made  on  Sunday,  the  19th,  or  15  shots  in  all,  averaging 
6.4  ft.  per  shot.  On  Monday,  the  20th,  three  drilling  gangs  and  three  full 
mucking  gangs  of  14  to  16  men  each  were  started  and  the  pr<^nrras  for  the  week 
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ending  Monday  foienoon,  Feb.  27,  was  126  ft.  of  heading  and  bench.  In  fact 
a  gain  of  25  ft.  was  made  on  the  bench.  This  progress  was  made  in  the  six 
days  and  one  extra  64t«  round  fired  on  Sunday  to  finish  up  the  tunnel  to  the 
further  side  of  Shaft  2.  The  advance  made  on  the  &-ft.  round  was  5  ft.,  and 
deducting  this  the  average  advance  of  the  other  18  shots  was  6.7  ft.  per  shot. 
The  only  difference  between  here  and  the  Jersey  St.  work  in  the  men  employed 
was  that  at  Porter  Ave.  during  tl^  last  week  an  extra  muck  foreman  was  used 
in  ^e  heading  and  this  resulted  in  a  mudi  faster  handling  of  the  muck  with 
the  same  number  of  muckers.  The  entire  distance  of  222  ft.  was  taken  out  in 
34  shots  or  IIH  working  days,  averaging  about  6.5  ft.  per  shot. 

Tablb  XIV.— Cost  of  Excavating  Porter  Ave.  Tunnel,  Oriqinal  Suction 

(Progress  21  lin.  ft.  per  24  hours;  and  of  section  excavated  I87}i  sq.  ft.;  cubic 

yards  per  24  hours  146) 
Excavation  per  shift:  '  Cost 

1  heading  foreman $     5. 00 

5  drill  runners  at  $3 15. 00 

5  helpers  at  $2.25 11. 25 

1  nipper 2. 26 

1  muck  foreman 3. 00 

14  muckers  at  $2.00 28. 00 

1  bottom  signal  man 2. 00 

Total  per  shift $  66.  50 

Total  per  24  hours  (three  shifts) '. $199.  50 

Disposal  per  shift: 

1  top  signal  man $     2.  (X) 

2  dumpers  at  $1.75 3.  50 

2  men  at  dump  at  $1.75 • 3. 50 

4  teams  at  $6 24. 00 

Total  per  shift $  33 .00 

Total  per  24  hours  (three  shifts) $  99.00 

Grand  total $298. 50 

Summary 

Item  Per  cu.  yd. 

Excavation $1. 36 

Disposal .68 

Powder  2fi  lbs.i>ercu.  yd.  at  14  cts 39 

Exploders  and  wire , .04 

Total $2. 47 

Table  XV. — Cost  of  Widening  Porter  Ave.  Tunnel  from  15  Ft.  to  20  Pt. 

(Progress  42  Un.  ft.  per  day;  and  excavated  62^  sq.  ft.;  cubic  yards  per  24 

hours  97) 
Excavation  per  shift:  Cost 

1  heading  foreman $     5. 00 

4  drill  runners  at  $3 12. 00 

4  helpers  at  $2.25 9.00 

1  nipper 2. 25 

1  muck  foreman 3. 00 

10  muckers  at  $2 20. 00 

1  bottom  sigpal  man .* 2. 00 

Total  per  shift : $     63.25 

Total  per  24  hours  (three  shifts) $  159. 76 

Disposal  per  shift: 

(Same  as  in  Table  XIV.) 

Total  per  24  hours  (three  shifts) $99.00 

Qrand  total. $258. 75 
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Via.  7.— iDBtallatioD  of  Hunea  mixer  in  ahafi. 


Fia.  8. — Croa  KctJcHi  of  tunnd  Bhowing  detaila  ot  concrete  forma. 
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Tablb  XV.— C<m«»ni««d 

SUMMABT 

Item  Per  ou.  3rd. 

Ezoavation $1. 64 

Disposal 1.02 

Powder  2  lbs.  at  14  ots .28 

Exploders,  wire,  etc .03 

Total $2.97 

In  placing  the  concrete  lining  of  the  tunnels  and  shafts,  a  Haines  mixer 
was  installed  in  one  shaft  in  each  tunnel  and  all  concrete  carried  from  that 
point  in  cars  as  shown  in  Figs.  7  and  8. 

The  floor  of  the  tunnel  was  poured  first  then  the  walls  and  roof.     Fig.  8 

shows  the  forms  clearly  and  indicates  the  general  method  >by  which  the  work 

was  done. 

Tablk  XVI. — Cost  of  Concrbting  in  Tunnbijs 

(Progress  24  lin.  ft.'  per  day;  and  of  section  70  sq.  ft.;  yardage  62  ou.  yds.) 

Per 
Mixing:  Total  cu.  yd. 

1  foreman -. .   S    3. 00         

6  men  at  $1.75 10.50         

2  mixer  men  at  $2.00 4. 00         


Total  per  shift $  17. 50         

Total  per  24  hours  (3  shifts) $  52. 50  $0.  847 

Placing: 

1  foreman $    3. 00         

8  laborers  at  $2.00 16. 00         

2  car  pushers  at  $2.00 4. 00         

Total  (one  shift) $  23. 00  

Total  per  24  hours  (3  sbifto) $  69. 00  $1. 113 

Forms: 

Boss  carpenter $    4. 00  

8  carpenter  at  $2.80 22. 40  

Total  (one  shift  only) $  26. 40         $0. 430 

Grand  toUl $147. 90         $2.  39 

Tabls  XVII. — Cost  of  Concreting  in  Shafts 

(Progress  12  ft.  per  day;  area  66  sq.  ft.;  yardage  29  cu.  yds.) 
Mixing:  Cost 

1  foreman $  3. 00 

6  laborers  at  $1.75 10. 50 

2  mixer  men  at  $2.00 4.00 


Total  one  shift $17.50 

Total  (two  shifts)  per  day $35.00 

Placing: 

1  foreman .  $  3. 00 

8  laborers  at  $2.00 16. 00 


ToUl  (one  shift) $19.00 

Total  (two  shifts)  per  day $38.00 

Forms: 

Boss  carpenter $4. 00 

8  carpenters  at  $2.80 22. 40 

One  shift  only $26. 40 

Grand  total $99.40 

Total  per  cu.  yd $  3. 43 

ComparatiTe  Cost  of  Constructing  Concrete  Lining  Using  Gravity  Chute  and 
Steam  Mixer. — W.  D' Rohan  gives  the  following  in  Engineering  and  Contract- 
ing, July  6,  1910. 
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In  a  project  to  irrigate  12,000  acres  of  the  Mesa  lands  lying  south  of  the 
Qrand  River  between  Palisades  and  Grand  Junction,  Colo,  part  of  the  con- 
struction consists  of  a  tunnel  6X7  ft.,  1,740  ft.  long,  driven  through  940  ft. 
of  black  shale  rock,  and  800  U.  of  dirt.  The  dirt  section  was  timbered,  roof 
and  sides,  in.4^t.  sections,  being  lined  with  2-in.  sheeting,  supported  by  6  X  6- 
in.  posts  with  caps  and  sills. 

The  original  intention  was  to  line  the  timbered  section  with  9  ins.  of  con- 
crete and  let  the  shale  section  go,  but  as  the  shale  quickly  disintegrated  in 
the  air,  it  became  necessary  to  concrete  the  whole  tunnel. 

This  contingency  totally  unexpected,  found  the  company  in  a  remote  local- 
ity with  but  one  steam  mixer  available  and  only  two  months  to  complete  a 
luge  amount  of  concrete  work.  Extra  machinery  was  immediately  wired  for, 
and  as  it  would  take  from  three  to  four  weeks  to  ship  it  from  Chicago,  the 
writer,  as  superintendent  of  construction,  suggested  the  use  oi  a  gravity  chute 
through  the  central  air  shaft,  82.5  ft.  deep.    This  plan  was  adopted. 

Starting  at  the  bottom,  a  trestle  7  ft.  high  was  built  and  arranged  so  as  not 
to  interfere  with  the  form  work,  and  from  this  was  placed  a  series  of  platfroms 
8  ft.  apart,  supported  by  2  X  8-in.  girders  sunk  into  the  walls  of  the  shaft 
which  was  4  ft.  in  diameter,  all  being  connected  with  short  ladders. 

The  chute  proper  was  simply  a  trough  10  X  10  ins.  with  a  series  of  baffles 
nailed  on  alternate  sides,  spaced  2  ft.  apart.  The  baffles  were  made  by  cutting 
4  X  4s  diagonally.  The  first  section  rested  on  the  trestle,  and  the  remaining 
parts  were  held  in  place  by  cleats  and  so  braced  that  each  platform  bore  the 
weight  of  its  own  section.  Three  sides  were  securely  nailed,  and  the  fourth, 
which  was  cut  to  suit  the  platforms,  was  held  in  place  by  clamps  made  of  two 
pieces  of  2  X  4s  with  two  bolts  f^  in.  X  16  ins.,  two  clamps  to  each  section. 
This  made  it  easy  to  remove  one  side  for  repairs.  The  top  of  the  chute  had 
two  V-shaped  hoppers  at  an  angle  of  45**  with  the  vertical  fitted  with  a  wooden 
slide  door.  Into  these  hoppers  the  gravel  and  cement  were  dumped  from 
wheelbarrows,  six  wheelbarrows  of  gravel  making  a  hopper  full.  This  was 
placed  as  follows:  Two  wheelbarrows  of  gravel,  then  1  sack  of  cement  spread 
over  it,  2  more  barrows  of  gravel  and  another  sack  of  cement,  finishing  off  with 
2  barrows  of  gravel.  This  kept  the  cemeat  from  blowing  away.  One  hopper 
was  kept  continually  full  so  that  no  delay  resulted.  A  cowbell  with  some  wire 
and  3  sections  of  H-iu.  hose  made  a  first-class  telephone.  It  was  originally 
intended  to  apply  the  water  by  means  of  a  hose  about  30  ft.  down  the  chute, 
but  this  was  abandoned  as  much  better  and  more  uniform  results  were  ob- 
tained by  fixing  an  old  bucket  with  i)erf  orated  bottom  at  the  top  of  the  chute, 
and  getting  water,  cement  and  gravel  all  together  at  the  start.  The  mix  went 
down  slowly,  the  vertical  stream  being  continually  broken  by  the  rebound  of 
the  rest  from  the  baffles,  and  was  caught  at  the  bottom  in  }4  cu.  yd.  wooden 
scoop  cars,  and  conveyed  to  the  shovelers  on  an  18-in.  gage  track.  The  forms 
were  built  in  12-ft.,  14-ft.  and  16-ft.  sections,  resting  on  a  2  x  6-in.  sill  and 
braced  to  the  rail.  They  were  so  arranged  that  when  the  sill  was  removed  the 
side  dropped  down  and  could  be  moved  ahead,  while  the  arches  for  the  roof 
were  built  in  4-ft.  sections,  all  the  segments  being  cut  from  a  pattern  and  so 
arranged  that  each  section  could  be  bolted  to  the  last  one  filled,  thus  ensuring  a 
imiform  roof  line. 

The  concrete  mixed  as  above  described,  was  of  a  good  texture,  and  although 
the  weather  varied  from  freezing  point  to  zero  and  no  mechanical  means  of 
heating  either  water  or  materials  was  used  and  the  ice  formed  on  the  tanks 
2  ins.,  the  concrete  quickly  set  up  and  was  harder  and  looked  better  than  the 
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machine  mixed  concrete,  where  water  heated  by  the  ^thaufit  steam  was  used. 
In  handling  the  steam  mixer.  6  men  and  an  enghieer  were  required,  wMle  with 
the  diute,  3  men  got  out  twice  as  much  concrete,  and  so  satirfaetory  to  the 
oigineers,  promoters  and  contractors  that  the  n^  mai^iinery  was  never  used. 

A  total  of  1.500  cu.  jrds.  of  concrete  were  mixed  in  this  manner,  and  required 
but  one  renewal  of  the  baffles,  the  second  set  being  placed  opposite  the 
worn  ones  to  keep  the  sides  from  wearing  into  holes  where  the  c<»icrete  hit 
on  the  reboimd  off  the  baffles.  The  total  cost  of  chute.'renewal  oi  baffles  and 
labor  of  building  in  place  was  $76  or  5  cts.  i)er  cu.  yd. 

Gravel,  cement,  lumber  and  water  for  this  woric  had  to  be  hauled  5  mUes 
over  a  rough  mountain  road  and  were  delivered  by  contract  at  f  1.25  per  yard 
for  gravel,  cem^it  75  cts.  per  ton.  and  water  10  cts.  per  barrel.  Lumber  cost 
$30  per  M.  ft.  B.  M.  Ideal  Portland  cement,  a  Colorado  product,  cost  $3.25 
on  the  job;  labor  cost  $2.50  for  carmen  and  outside  men,  $2.75  for  overhead 
shovelers;  carpenters  40  cts.  per  hour,  and  foremen  $4  per  day.  Two  10- 
hour  shifts  were  worked  and  the  whole  timnel  Uning  of  2,400  cu.  yds.  of 
concrete  was  completed  in  40  working  days. 

The  comparative  itemized  cost  of  lining  by  steam  mixing  and  by  the  chute 
were  as  follows: 

Steam  Mixsr 

1  engineer $  4. 20 

4  men  feeding ; *  10. 00 

1  roustabout , 2. 50 

2  men  loading  into  cars 5. 00 

4  men  placing  in  forms 11. 00 

3  carpenters » . . 12. 00 

3  carpenters'  helpers , 7. 60 

2  carmen 5. 00 

1  trackman 2. 60 

1  genteral  for^nan 6. 60 

Total  labor  for  15  yds $66. 20 

Labor,  per  yard '.  . . .  $  4. 41 

Qravel,  per  ywd 1. 50 

Cement,  per  yard , . . . , 2. 50 

Water 0. 20 

Lumber.' 0. 08 

light .- 0. 10 

Coal  and  oil  for  mixer 0. 25 

Wear  and  tear  of  mixer 0. 25 

Total  cost  per  yard r $  9. 29 

,  GbAVITT    CHf7TI3 

3  men  mixing $  7.  50 

4  carmen 10. 00 

6  men  placing  in  forms -. 16. 50 

4  carpenters , 16.00 

4  carpenters'  helpers 10. 00 

2  trackmen 5. 00 

1  general  foreman 6. 50 

Total  labor  for  35  yds $71.  50 

Labor,  per  yard 2. 04 

Gravel,  per  yard 1. 50 

Cement,  per  yard 2. 50 

Water 0. 20 

Lumber 0. 08 

Xd^^bt .....* 0. 10 

Mixer 0. 05 

Total  cost  per  yard $  6. 47 
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The  biggest  run  with  steam  mixer  was  26  cu.  yds.  and  the  smallest  8  cu.  yds., 
due  to  breakdowns,  while  the  chute  made  54  cu.  yds.  maximum  and  21  mini- 
mum, due'  to  water  giving  put. 

Cost  of  Lining  Wilson  Ave.  Water  Supply  Tunnel  Chicago  with  Pneumatic 
Mixer. — The  following  extract,  Engineering  and  Contracting,  May  15,  1918, 
is  from  a  paper  by  H.  B.  Kirkland  presented  before  the  Western  Society  of 
Engineers. 

This  tunnel  is  8  miles  long  and  12  ft.  in  finished  diameter  for  1  mile  of  its 
length  at  the  lake  end.  It  is  located  in  solid  limestone  rock  about  150  ft. 
below  datum  and  has  a  monolithic  concrete  lining  1  ft.  thick,  in  lining  this 
tunnel  the  concreting  was  carried  on  simultaneously  with  the  mining,  the  mine 
run  rock  excavated  from  the  heading  being  used  for  concrete  work. 

A  pneumatic  mixer  was  mounted  on  wheels,  together  with  air  supply  tanks 
and  a  measuring  hopper  above  it.  In  addition  a  belt  conveyor  outfit,  also 
mounted  on  wheels,  was  used  to  convey  the  rock  from  under  the  screen  to  the 
measuring  hopper  over  the  mixer.  Upon  the  framework  which  held  this  belt 
conveyor  an  electric  winch  was  mounted  for  hauling  1  cu.  yd.  cars  of  mine  run 
up  the  incline,  to  be  dumped  over  a  fiat  screen  with  4H-iii.  holes.  The  rock 
which  passed  through  the  holes  fell  onto  the  belt  conveyor  and  was  carried  up 
to  the  measuring  hopper.  The  rejections  passed  over  the  screen  and  fell  into 
an  iron  plate  laid  on  the  floor,  from  whence  they  were  shoveled  into  the  car  to 
be  hauled  from  the  tunnel. 

Two  Blaw  traveling  steel  forms  were  used.  One  of  these  forms  was  about 
600  ft.  away.  The  8-in.  pipe  for  conveying  the  concrete  from  the  mixer  to  the 
forms  was  laid  alongside  of  the  tunnel  through  the  first  form  to  the  second  one, 
and  there  it  was  directed  up  a  45°  angle  and  into  the  top  of  the  form.  When 
this  form  was  filled  with  concrete  the  pipe  was  disconnected  and  arranged  for 
filling  the  other  form  and  as  the  concrete  set  the  forms  were  moved  alternately 
toward  the  mixer,  until  about  1,000  ft.  of  tunnel  was  completed.  The 
mixer  was  then  moved  1,000  ft.  farther  and  the  same  cycle  of  operation  was 
repeated. 

One  of  the  new  features  of  placing  the  concrete  at  the  Lawndale  shaft  was 
the  use  of  the  pneumatic  mixer  for  placing  the  concrete  in  the  footing  wall. 
This  footing  wall  is  usually  built  by  hand  in  advance  of  the  regular  concrete 
work  and  is  a  wall  about  1  ft.  high,  used  as  a  guide  for  the  forms  to  follow. 
In  placing  this  at  the  Lawndale  shaft  the  concrete  was  first  delivered  to  the 
Blaw  forms  by  the  pneumatic  mixers  in  the  regular  manner.  6ut  a  keyplate 
was  left  out  of  the  steel  forms  and  a  chute  was  placed  in  it,  oi)erating  so  that 
the  concrete  being  placed  by  the  pneumatic  method  would  overfiow  through 
the  chute  into  the  car  placed  beneath  the  forms  imder  the  chute.  The  car 
then  carried  the  concrete  ahead  and  dumped  it  into  the  forms  for  the  footing 
wall.  In  this  way  the  footing  wall  was  placed  about  three  times  as  fast  as  it 
could  have  been  placed  by  hand. 

The  number  of  men  required  for  the  operation  of  the  concrete  work  was  as 
followa: 


Screening  rock  from  heading — 

3  men  pushing  up  cars  to  incline,  hooking  on  cable,  dumping  same  on  screen 
and  pushing  back  empty  cars  to  make  train  bound  for  beading. 

1  man  operating  motor  hoist  for  pulling  cars  up  incline  and  operating  belt 
conveyor  for  carrying  screened  rock  to  hopper  over  mixer. 

2  men  shoveling  rejections  from  screen  into  cars  to  be  hauled  out  of  tunnel. 
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Where  the  tunnel  dipped  below  the  hydraulic  grade  line  and  there  would 
consequently  be  an  internal  pressure  of  water  on  its  walls,  it  was  41  ft.  in 
diameter  inside  the  concrete  lining.  Let  us  call  this  inside  concrete  line  (a 
circle  U  ft.  diam.)  "the  inside  line.'*  Parallel  to  this  line  and  10  ins.  outside 
of  it  is  another  line  within  which  no  rock  must  project,  and  this  may  be  called 
"  the  clearance  line."  Parallel  thereto  and  23  ins.  outside  of  "  the  inside  line" 
is  the  "payment  line,"  beyond  which  neither  excavation  nor  concrete  is  paid 
for  at  the  regular  contract  price.  Excavation  beyond  this  "payment  line" 
may  be  called  "overbreakage." 

In  the  Catskill  aqueduct  specifications  it  was  provided  that  the  contractor 
should  be  paid  2.50  or  $3  per  cu.  yd.  of  overbreakage ,as  compensation  for  both 
this  extra  excavation  and  the  extra  concrete  lining  necessitated  by  the  over- 
breakage.  Since  the  contractor  did  not  furnish  the  cement,  it  n^as  believed 
by  the  engineers  that  this  pasrment  for  overbreakage  would  be  a  fair  compen- 
sation for  any  unavoidable  overbreakage,  but  not  so  large  a  compensation  as 
to  make  it  profitable  to  the  contractor.  Between  "the  payment  line"  and 
"  the  dearance  line"  there  was  another  line  that  may  be  called  "  the  average 
line,"  which  was  15  in.  outside  "  the  inside  line;"  and  it  was  specified  that  the 
concrete  in  any  cross-section  must  average  15  in.  thick. 

The  above  dimensions  relate  to  the  "  pressure  tunnel"  sections,  aggregating 
35  miles  in  length.  There  were  14  miles  of  " grade  tunnels"  of  horseshoe  sec- 
tion that  did  not  dip  below  the  hydraulic  grade  line,  and  the  inside  maTitniim 
dimensions  of  a  "grade  tunnel"  were  13  ft.  4  in.  across  by  17  ft.  high.  The 
"clearance  line"  of  a  "grade  tunnel"  was  5  to  7  in.  outside  "the  inside  line;" 
and  the  "  payment  line  "  was  18  in.  outside  the  "  clearance  line."  These  lines 
relate  only  to  the  side  walls  and  roof. 

There  was  considerable  variation  as  to  overbreakage,  not  only  because  of 
difference  in  the  kind  of  rock  (which  ranged  from  soft  shale  to  tough  granite), 
but  because  of  the  position  of  the  tunnel  with  respect  to  the  dip  of  the  rock 
strata,  also  because  of  the  variation  in  the  managerial  skill  of  the  different 
contractors.  In  nearly  12  miles  of  tunnels  through  shale  and  slate,  there  was 
no  overbreakage  at  all,  as  the  average  of  8  contracts;  but  in  fact  the  average 
excavation  fell  half  an  inch  inside  of  "the  payment  line."  One  contractor 
managed  to  average  a  full  inch  inside  "the  payment  line,"  but  another  con- 
tractor averaged  an  overbreakage  2yi  in.  outside  "  the  payment  line." 

In  four  tunnels  through  limestone,  totaling  about  IK  miles,  the  overbreak- 
age averaged  1^  in.  outside  the  pajrment  line. 

In  10  tunnels  through  granite  and  gneiss,  totaling  about  8  miles,  the  over- 
breakage  averaged  ZH  ^  outside  the  "pajrment  line;"  but  in  one  000  ft. 
tunnel  there  was  an  average  underbreakage  of  ^  in.,  while  in  another  tunnel 
(7,330  ft.)  the  overbreakage  averaged  5^  in.  In  this  last  named  timnel  the 
contractor  purposely  excavated  well  beyond  "  the  payment  line"  in  order  to 
avoid  the  expense  of  trimming  projecting  rock.  Moreover  this  gneiss  was 
blocky  and  joints  were  numerous. 

In  10  tunnels  through  Manhattan  schist,  totaling  about  S}i  miles,  the  aver- 
age overbreakage  was  2}4  in.,  but  in  one  tunnel  the  overbreakage  averaged 
only  H  in.,  whereas  in  another  it  averaged  8  in.  because  the  schist  was  much 
disintegrated. 

Those  experienced  in  tunnel  work  will  see  that  the  overbreakage   would 
have  been  somewhat  less  had  it  not  been  for  the  specifying  of  an  average  thick- 
ness of  concrete  (see  "the  average  line"  above  defined).    Ordinarily  only  a 
"clearance  line"  (or  neat  line)  and  a  "pajrment  line"  are  specified. 
86 


1362  HANDBOOK  OF  CONSTRUCTION  COST 

In  the  softer  rocks,  like  shales  and  limestones,  where  air-hammer  drills  can 
be  effectively  used  in  trimming  the  sides,  the  overbreakage  averages  consider- 
ably less  than  in  the  tough  rocks,  like  granite,  gneiss  and  schist.  In  tough 
rocks  the  contractor  drills  his  blast  holes  deep  enough  to  insure  breakage 
beyond  the  "payment  line,"  so  as  to  reduce  the  trimming.  One  of  the  con- 
tractors used  a  large  number  of  horizontal  rim  holes  in  excavating  the  lower 
half  a  pressure  tunnel  through  gneiss,  and  thus  secured  an  imderbreakage  of 
H  in.  inside  the  "payment  line." 

Cost  of  Excess  Yardage  in  Tunneling. — The  following  data  are  given  in  the 
Report  on  the  Los  Angeles  aqueduct. 

Too  much  care  cannot  be  exercised  to  avoid  oversdiooting  in  tunnels,  because 
of  the  excess  yardage  that  is  involved  when  it  comes  to  lining  them  with  con- 
crete. Some  tunnels  were  driven  and  trimmed  so  closely  that  this  excess 
yardage  of  concrete  did  not  exceed  15  or  20  per  cent  of  the  theoretical  yardage 
of  concrete,  but  the  cost  of  this  trimming  amounted  to  as  much  as  $2.00  per 
lineal  foot  of  tunnel,  and  probably  too  much  time  and  care  were  put  upon  it. 
As  a  rule  the  excess  yardage  of  concrete  was  f  r<Hn  40  to  50  per  cent  of  the  theo- 
retical, and  in  some  tunnels  as  much  as  100  per  cent.  Experience  indicates 
that  rock  tunnels  should  be  driven  so  that  the  excess  yardage  of  concrete  lining 
may  not  be  over  30  or  40  per  cent.  In  driving  tunnels,  frequent  measure- 
ments should  be  made  of  their  cross-section  to  determine  what  this  excess  is. 
Where  a  yard  of  concrete  to  the  lineal  foott  of  tunnel  is  being  placed,  100  per 
cent  excess  could  readily  amount  to  $6.00  or  $7.00  per  foot,  and  a  30  per  cent 
excess  would  represent  $1.80  per  foot.  Tunnels  in  ordinary  rock  should  be 
driven  with  a  small  amount  of  trimming;  as  close  as  this  iiercentage.  It  has 
been  found  to  be  the  best  practice  to  so  excavate  the  sub-grade  at  the  start 
that  the  top  of  the  ties  is  on  the  bottom  of  the  theoretical  sub-grade,  so  as  to 
avoid  expensive  trimming  and  delays  when  it  comes  to  concrete  lining. 

Depth  and  Number  of  I>riU  Holes  in  Tunnels. — The  following  tables  are 
taken  from  Bulletin  57  of  the  Bureau  of  Mines  prepared  by  D.  W.  Brunton 
and  J.  A.  Davis,  as  abstracted  in  Engineering  and  Contracting,  July  8,  1914. 
The  authors  in  summarizing  the  discussion  of  the  advantages  of  shallow  and 
deep  holes  state  that  it  is,  of  course,  impossible  to  set  any  definite  standard 
or  guide  for  the  proper  depth  of  hole  that  will  be  applicable  to  all  cases.  There 
are  too  many  variaUes  influencing  the  result.  The  proper  depth  must  be 
determined  by  experiment  in  each  individual  case.  However,  fr<Hn  an  ex- 
tended examination  of  the  results  obtained  from  the  methods  employed  in 
American  practice,  from  a  careful  analysis  of  European  practice  as  outlined 
in  available  published  accounts,  and  from  a  study  of  all  other  procurable 
modem  authority,  the  authors  are  of  the  opinion  that  for  the  majority  of  cases 
the  proper  depth  of  drill  hole,  the  one  that  most  equitably  balances  the  ad- 
vantages and  disadvantages  inseparable  from  the  problem,  is  60  to  80  per  cent 
of  the  width  of  the  tunnel  heading.  Table  XVIII  gives  an  analysis  of  Ameri- 
can practice  in  this  respect. 
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Determination  of  the  number  of  holes  which  secures  the  best  results  in 
driving  tunnel  headings  is  affected  by  too  many  conditions  to  permit  in  any 
work  of  precisely  following  previous  experience.  Such  experience,  however, 
furnishes  hints  which  are  of  use  and  for  this  reason  Table  XIX  is  given. 


Tablb  XIX. — NuMBBB  or  Holds  Ubbd  in  Dbxvino  Tunnsl  Hbadinob  in 

Vabious  Ambbican  Tunnbls 

Sq.   ft.   of  heading 


Name  of  tunnel 


Num- 
ber of 
holes 


Burleigh 16 

Buffalo  (water) 22 

Carter 10-11 

Catskill  aqueduct: 

Rondout  siphon 22 

Wallkill  siphon 24 

Moodna  siphon 24 

Yonkers  siphon 21 

Central 18-24 

Chipeta 15-19 

Fort  William  (water)....  14-20 

Gold  Links 12 

Grand  Central  sewer 18 

Gunnison 24 

Joker 10-21 

Laramie-Poudre 21-26 

Lausanne 15-21 


Character  of 
rock  penetrated 

Gr.  and  gn. 

L. 

Gn.,  gr.  and  po. 

L.,  sn.,  and  sh. 

Sh. 

Sn.  and  sh. 

Gn. 

Gn. 

Ba'. 

Gn.  and  gr. 

Gn. 

Gr. 

Gr. 

Sh.,    oong.    and 


pe; 

Se<U- 


Approx. 
U'ea  of 

heading,  mentary 

sq.  ft.  rocks 

42       

120  5. 5 

41       


r  hole- 


120 

120 

120 

120 

35 

67 

35 

48 

40 

60 

130 

70 

85 


5.5 
5.0 
5.0 


6.2-6.9 
4*.(H6*.6 


Igneous 
rooks 

2.6 
3.'7-4.'i 


6.7 

1.5-1.9 

3.0-3.8 

1.7-2.6 

4.0 

2.2 

2.5 

2!  7-3!  3 


Los  Angeles  Aqueduct: 

Elizabeth  Lake 25 

Little  Lake  division .. .  14-16 
Grape  Vine  division. . .  20-21 

Luoania 25 

Marshall-Russell 18-20 

Mission 12-14 

Newhouse 19 

Nisqually 18 

Northwest  (water) 22 

Ophelia 20-24 

Rawley 25-27 

Raymond 14 

Roosevelt 24-26 

Siwatch 12 

Snake  Creek 16 

Spiral 21 

Stilwell 16 

Strawberry 16-18 

Utah  Metals 12-16 

Yak 18 


coal 

Gr. 

Gr. 

Gr. 

Gr. 

Gr.  and  gn. 

Sh.  and  si. 

Gn. 

Rhy. 

Sed. 

Gr. 

And. 

Gn.  and  gr. 

Gr. 

Gr. 

Dia. 

L. 

Cong,  and  and. 

L.,  sn.  and  sh. 

Qu. 

L.,  sn.,  sh.  and  gr. 


146       

90       

90       

65       

72       

37  2.&-3.1 

65       

95       

110  6.0 

80       

65       

80       

60       

45       

65       

175  8.4 

60  3.1 

60  2.8-3.1 

80  5.0-6.6 

60  2.8 


5.8 
5.6-6.4 
4.3-4.5 

2.0 
3.0-LO 

3.'4 
5.2 

2.0-2.2 
5.7 

2.3-2.5 
3.7 
4.0 


Comparative  Drilling  Speeds  As  Reported  at  Twenty-Four  Toonels. — 
The  rate  of  drilling  as  reported  at  24  tunnels  is  recorded  in  Table  XX. 
abstracted  in  Engineering  and  Contracting,  Aug.  6,  1914,  from  Bureau  of 
Mines.  Bulletin  67,  by  D.  W.  Brunton  and  J.  A.  Davis. 
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Air  Pressures  Used  in  Tunneling. — ^Engineering  and  Contracting,  July  1. 
1014,  gives  the  pressures  of  air  employed  at  different  tunnels  as  compiled  in 
Bureau  of  Mines  Bulletin  67  by  D.  W.  Brunton  and  J.  A.  Davis  as  follows: 

Tunnel^  Lbs.         Tunnel —  Lbs. 

Carter... 112  Niaqually 00-05 

Central 120  Rawley 100 

Gold  links 100  Raymond 00 

Gunnison 00  Rondout 100 

Laramie-Poudre 120  Roosevelt 110 

Mauch  Chunk 100  Siwatch 80 

Los  Angeles  Aqueduct 100  Snake  Creek 110 

Lucania 116  Stilwell 100 

Marshall  Russell 110  Strawberry 85 

Mission 100  Utah  Metals 110 

Modern 06-100  WalDdll 110 

Newhouse 110  Yak 90 


Average 102 

Cost  of  Repairs  of  Drills  Employed  in  Tunneling. — Fr<Hn  data  collected 
by  personal  visits  to  and  si)ecial  reports  from  a  large  mmiber  of  tunnels,  D.  W. 
Brunton  and  J.  A.  Davis,  in  Bulletin  67,  Bureau  of  Mines  (reprinted  in  E^ngi- 
neering  and  Contracting,  July  22,  1914)  present  the  following  statement: 

From  September,  1906,  to  March,  1906,  hammer  driUs  were  employed  at  the 
Gimnison  tunnel  with  a  drill-repair  cost  per  machine  of  13  cts.  per  foot  of  hole 
drilled;  but  when  piston  driUs  were  substituted  the  repairs  were  reduced  to 
3  cts.  per  foot.  In  addition  to  the  cost  of  materials  these  figures  include  also 
a  charge  for  the  labor  of  the  machinist  making  the  repairs,  which  is  not  em- 

Tabub  XXI. — Cost  of  Rbpaibb  for  Hammbb  Air  Drills,  Littlb  Lakk 
Division,  Los  Anoblbs  Aqubduct,  Jult,  1909,  to  Mat,  1911 

Cost  of  drill 
repairs  per 
Distanoe.  ex- 
Name  of  tunnel 

IB,  south 

2,  north 

2,  south 

2A,  north 

2A,  south 

d,  north 

d,  south 

4,  north , 

4,  south 

7,  north 

7,  south 

8,  north 

8,  south 

9,  north 

9,  south 

10,  north 

10,  south 

lOA,  north 

lOA,  south 


Distanoe,  ex- 

foot of 

cavated,  hn.  ft. 

tunnel 

1,030 

$0,156 

026 

.196 

410 

.154 

460 

.100 

376 

.148 

864 

.131 

2.140 

.236 

448 

.140 

726 

.297 

1.011 

.209 

1.024 

.482 

226 

.651 

1,334 

.398 

777 

.297 

2,470 

.163 

2,626 

.223 

1,776 

.325 

1.373 

.221 

1.766 

.204 

Average SO.  24 

braced  in  any  of  the  values  which  follow.  'This  fact  must  be  considered  in 
making  comparisons.  Two  years  later  (September,  1007,  to  August,  1908), 
in  driving  the  last  3,000  ft.  of  the  Yak  Tunnel,  the  cost  of  materials  only  for 
repairs  to  the  hammer  drills  employed  was  only  1^  cts.,  approximately,  per 
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foot  of  hole.  At  the  Marshall-Russell  tunnel,  where  hammer  drills  were 
employed,  the  average  cost  of  drill  repairs  from  Jime,  1908,  to  June,  1911,  was 
IH  cts.  per  foot  drilled.  Piston  machines  were  used  at  the  Strawberry  tunnel 
from  January,  1909,  to  September,  1911,  the  cost  for  repairs  being  nearly 
2H  cts.  per  foot  drilled.  On  the  Little  Lake  division  of  the  Los  Angeles 
aqueduct,  where  hanmier  drills  were  employed,  the  average  cost  of  drill- 
repair  materials  from  July,  1909,  to  May,  1911,  as  shown  by  Table  XXI,  was 
only  24  cts.  per  foot  of  tunnel  excavated.  As  each  of  the  two  machines  in  the 
heading  drills  approximately  8  ft.  of  hole  for  every  foot  of  timnel  excavated, 
the  cost  per  machine  per  foot  of  hole  la  IH  cts. 

For  1910  and  the  first  half  of  1911  the  repair  cost  of  hammer  drills  at  the 
Carter  timnel  was  2  cts.  per  foot  drilled.  At  the  Lucania  tunnel  the  repairs 
cost  K  ct.  per  foot  drilled,  but  the  hammer  drills  had  been  in  use  only  one 
month  at  tne  time  the  timnel  was  visited.  The  hanmier  drills  at  the  Rawley 
tunnel  were  new  also,  the  repairs  for  June  and  July,  1911,  averaging  1  ct.  per 
foot  of  hole. 

Adequate  Ventilation  Greatly  Increases  Tunnel  and  Shaft  Progress* — 
The  following  note  is  given  in  Engineering  and  Contracting,  Oct.  17,  1917. 

An  interesting  example  of  the  effect  of  poor  ventilation  on  the  efficiency  of 
men  engaged  in  underground  work  was  cited  by  Dr.  A.  J.  Lanza  of  the  Bureau 
of  Mines  in  a  paper  presented  at  the  recent  meeting  of  the  National  Safety 
Council.  A  mine,  driving  a  long  drift  about  3,000  ft.  below  the  surface,  was 
paying  $15  per  foot,  day's  pay.  The  place  was  hot  and  moist.  A  small 
blower  fan  was  installed  at  the  entrance  to  the  drift,  with  a  canvas  pipe  lead- 
ing nearly  to  the  working  face,  and  without  any  other  change  the  cost  was 
reduced  to  $8  per  foot,  day's  pay.  In  shaft  sinking  this  mine  had  made  60  ft. 
in  one  month  and  60  ft.  in  another.  A  small  blower  with  canvas  pi];)e  was 
installed  and  the  next  month  120  ft.  was  the  progress  made. 
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References.— In  Section  XI  of  the  "Handbook  of  Cost  Data"  by  Gillette, 
the  first  60  pages  contain  many  valuable  data  on  the  cost  of  railway  tunnels. 
Further  information  on  this  subject  wiU  also  be  found  in  Gillette's  "  Handbook 
of  Rock  Excavation." 

Cost  of  Beckwith  Pass  Tunnel  of  Western  Pacific  Ry. — ^The  Beckwith  Pass 
Tunnel  of  the  Western  Pacific  Ry.  at  the  summit  of  the  Sierra  Nevada  moun- 
tains was  constructed  between  1906  and  1909.  It  is  a  single  track  bore  6,000 
ft.  in  length.  The  roof  of  the  timnel  is  24.08  ft.  above  the  top  of  the  foot  block; 
the  top  of  the  wall  plate  is  16.54  ft.  above  grade,  and  the  width  between  plumb 
posts  is  17  ft.  Cost  data  on  the  construction  of  this  tunnel  are  given  by  H. 
Devereux,  consulting  engineer,  San  Francisco,  Cal.,  in  the  Feb.,  1917,  Western 
Engineering,  from  which  the  matter  in  this  article  is  abstracted  in  Engineering 
and  Contracting,  Feb.  21,  1917. 

The  quantities  per  linear  foot  of  tunnel  were  as  follows: 


Excavation,  Cu.  Yd. 

Heading 

Neat  section 3. 25 

Enlarged  section,  side-lagged 4. 905 

Enlarged  section,  lagged 

Enlarged  section,  increase  lagged 

Packing  between  lagging  ana  3-in.  line 0. 267 

TniBBB,  Ft.  B.  M. 

Heading 

SoUd  sets 327. 4 

2-ft.  centers 286. 0 

3-ft.  centers 234. 6 

4-ft.  centers 209. 4 


Bencli 

10.39 
12.351 
12.04 
1.961 
0.306 


Bench 

408.0 
210.4 
141.6 
107.2 


For  full  lagging,  add  124  ft.  B.  M.  per  linear  foot  of  bench. 


Ibon,  Lb. 

1-bolt  2-bolt 

SoHdsetS 10.786  11.671 

2-ft.  centers 6.687  6.374 

3-ft.  centers 3. 944  4. 365 

4-ft.  centers 3. 056  3. 607 


Large 

wasliers 

12.000 
6.750 
4.881 
3.906 


Large  washers  were  used  after  Nov.  1,  1907. 

The  following  scale  of  wages  was  In  force.  As  a  result  of  the  business 
depression,  the  force  and  In  many  cases,  the  wage-rates  were  reduced  on 
Nov.  25,  1907.  Wages  are  per  day  unless  otherwise  noted.  Men  paid  by  the 
month  received  their  board  also. 
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Foreman 

Machine-men 

Machine-helpers 

Shovelers 

Teamsters 

Cornermen 

Nippers 

Carpenters 

Carpenters'  helpers 

Pump-men 

Steam-shovel  engineer 

Steam-shovel  cranesmen .... 

Dinkey  skinners 

Brakemen 

Pitmen 

Dumpmen 

Timbermen 

Outside  laborers 

Two-horse  teamsters 

Blacksmiths 

Blacksmiths'  helpers 

Electrician 

Compressor  engineer  (day) . . 
Compressor  engineer  (night) 

Master  mechanic 

General  foreman 

Car  repairer 

*  Per  month. 


Before 

After 

Nov.  26,  1907 

Nov.  25,  1907 

$    4.50 

$    ^.30 

4.00 

3.50 

3.50 

3.00 

3.00 

2.50 

3.00 

2.50 

3.50 

2.76 

3.00 

2.50 

4.00 

3.60 

3.00 

2.60 

3.00 

3.00 

150.00* 

150.00* 

100.00* 

100.00* 

75.00* 

75.00* 

60.00* 

2.60 

3.50 

2.76 

2.50 

2.26 

3.00 

2.50 

2.50 

2.00 

2.75 

2.50 

100.00* 

3.60 

2.75 

2.50 

75.00* 

75.00* 

90.00* 

90.00* 

76.00* 

76.00* 

125.00* 

110.00* 

150.00* 

150.00* 

75.00* 

76.00* 

The  following  force  was  employed  during  December,  1907,  when  both  head- 
ings were  closed: 

OuTsiDB  OF  Tunnel 


— East  end 

Day        Night 


Compressor  engineer 1 

Compressor  fireman 1 

Dinkey  skinner 1 

Brakeman 1 

Dumpmen 2 

Blacksmiths 2 

Blacksmiths'  helpers 2 

Carpenters 1 

Electrician 1 

Car  repairer 

General  foreman 1 

Total 13 


1 
1 
1 
1 
2 


— West  end 

Day        Night 

1 
1 
1 
1 


6 


2 
1 

13 


-  In  thx  Tunnbl 


Foreman 

Drillers 

Chuckmen 

Nipper 

Shovelers 

Cornermen 

Pitmen 

Teamsters 

Timbermen 

** Jumbo"  engineer 

Shovel  crew 2 

Total 82 


—East  end 

West  end 

Day 

Night 

Day        Night 

1 

1 

1               1 

4 

3 

3               3 

4 

3 

3               3 

1 

1 

1               1 

8 

8 

16             16 

,   , 

,   ^ 

4               4 

4 

4 

•  •                           •   • 

2 

2 

1               1 

6 

•    • 

6 

•    ■ 

•   • 

1               1 

24 


86 


80 
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When  the  headings  were  being  driyen  an  additional  force  of  21  men  per  shift 
was  required  inside  the  tunnel  or  84  men  in  all.  On  the  outside,  seven  addi- 
tional men  were  required  on  each  shift  on  the  west  end,  and  three  additional 
men  on  each  shift  on  the  east  end,  or  forty  in  all.  On  the  west  end,  a  travel- 
ing platform  called  a  "jumbo"  was  used  to  load  the  material,  and  on  the  east 
end,  a  model  No.  20  Marion  shovel  oi)erated  by  air. 

The  rock  at  the  west  end  was  a  decomposed  granite.  At  the  east  end  the 
granite  was  hard,  "blocky"  and  "seamy."  The  cost  per  cubic  yard  to  the 
contractor  was  as  follows: 

— Heading —     Bench 

East      West      East      West 

Diillins  and  blasting $3.65  $2.93  $2.10  $1.20 

Shoveluig  and  loading 1. 95  2. 14  1. 15  1. 50 

Powder •. 0.80  0.35  0.20  0.12 

Outside  men 0. 63  0.  65  0. 35  0. 30 

Plant 0.49  0.33  0.32  0.19 

Fuel  oil 0.69  0.59  0.43  0.29 

Superintendence 0. 20  0. 17  0. 11  0. 10 

Total $8. 41     $7. 06     $4.  66     $3.  70 

Labor  timbering 0.  58      0.  73      0. 25       0. 45 

Average,  $5.40  per  cubic  yard. 

Powder  cost,  $0.15  per  lb.  and  fuel  oil,  $1  per  barrel. 

Mount  Royal  Tunnel — Methods  and  Progress. — ^The  following  data  are 
given  in  a  series  of  articles  published  in  Engineering  Record,  Jan.  8,  15,  and 
22,  1916,  by  S.  P.  Brown,  Chief  Eng'r.,  Moimt  Royal  Timnel  and  Terminal 
Co.,  Ltd. 

Features  of  Mount  Royal  Tunnel. — The  Moimt  Royal  ttmnel  forms  the  entry 
into  Montreal  for  the  Canadian  Northern  Railway,  the  new  transcontinental 
Une.  The  timnel  imder  Mount  Royal,  3.1  miles  long  between  station  sites, 
is  double-track,  roughly  22  X  30  ft.  in  excavation,  sufficient  space  being 
allowed  for  a  central  wall  and  bench  between  the  tracks.  In  general  it  win 
be  lined  throughout  with  concrete. 

The  character  of  the  ground  encoimtered  was  very  diverse  and  in  places 
extremely  complex.  The  headings  were  in  soft  groimd  in  both  station  sites, 
and  at  the  city  end  the  timnel  roof  was  in  soft  groimd  for  about  yi  mile. 
Here  a  roof  shield  was  us^d  with  O'Rourke  interlocking  blocks.  The  rode 
at  the  two  ends  of  the  tunnel  was  Trenton  limestone,  massive  at  the  west  end 
and  somewhat  stratified  at  the  city  end  for  the  first  1800  ft.  Toward  the 
mountain  proi)er  the  limestone  became  more  crystalline,  especially  on  the 
west  side,  where  it  was  unusually  hard  and  dense.  The  main  body  of  the 
mountain  is  an  igneous  intrusion  of  Essexite,  very  hard  and  tough  with  a 
specific  gravity  of  about  3.4.  The  number  Of  steels  dulled  per  foot  of  hole 
in  this  rock  often  ran  from  five  to  seven,  although  as  a  usual  thing  it  required 
only  about  1000  steels  sharpened  per  day  in  one  heading  averaging  20  ft.  of 
progress.  All  the  main  bodies  of  rock  in  the  mountain  were  cut  by  numerous 
dikes  and  sheets  of  other  very  hard  igneous  rock,  such  as  Bostonite,  Campton- 
ite,  Tinguite,  Nepheline  Syenite,  etc.,  running  up  to  several  feet  in  thickness. 
These  dikes  intersected  the  timnel  and  each  other  in  every  direction,  some- 
times averaging  several  score  in  100  ft.  This  necessitated  drawing  the  temper 
of  every  steel  to  color  suitable  for  the  particular  rock  encountered.  The  ordi- 
nary method  of  plunging  the  steel  proved  an  absolute  failure.  Of  many  steels 
tried,  the  best  was  F.J.A.B.  (Swedish). 
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The  method  of  excavation  adopted  in  the  Mount  Royal  tunnel  was  briefly 
as  follows:  First,  a  bottom  heading,  7M  to  10  ft.  high  by  12  to  14  ft.  wide  was 
driyen  on  subgrade  along  the  center  line.  The  points  of  attack  were  in  the 
two  portal  station  sites,  3.5  miles  apart,  and  at  an  intermediate  shaft,  234  ft. 
deep,  1  mile  from  the  west  i>ortal.  As  the  headings  progressed  break-ups 
were  started,  at  500  to  800-ft.  intervals,  along  the  heading,  where  the  full- 
sized  tunnel  was  excavated  above  the  grade  of  the  heading  roof.  At  these 
break-ups,  the  heading  was  timbered,  so  as  to  give  a  substantial  rod  over  the 
tracks,  upon  which  the  upper  portion  of  the  tunnel  excavation  could  be 
blasted  down  safely  and  throu^  which  the  muck,  thus  dislodged,  could  slide 
into  cars  in  the  gangway  below,  with  a  minimum  of  labor.  After  the  break-up 
excavation  was  completed  the  timbering  was  removed  and  the  benches, 
remaining  on  either  side  of  the  heading  gangway,  were  drilled  and  blasted  for 
air-operated  steam  shovel  excavation.  This  completed  the  entire  excavation 
of  the  tunnel  cross-section.  Drill  carriages  were  used,  first,  in  the  headings, 
second,  on  the  bench  ahead  of  the  steam  shovel,  and  finally  for  trimming  the 
finished  section.  In  conmion  with  all  modem  drill  carriages,  these  carried  the 
full  drilling  equipment  assembled  complete  and  permanently  connected  with 
the  manifolds  and  main  hose  lines. 

The  ordinary  method  of  heading  excavation  was  by  means  of  a  horizontal 
bar  mounting  four  drills.  The  drills  were  supported  on  arms  similar  to  those 
used  on  the  coiiunns  common  to  American  tunneling  operations,  or  on  special 
saddle  arms  particularly  designed  for  this  job.  Sullivan  reciprocating,  or 
percussive,  drills  were  used,  so  constructed  that  where  the  ground  made  it 
economically  desirable  a  jet  of  water  and  air  could  be  injected  through  the 
pistons  and  steel  into  the  bottom  of  the  holes  being  drilled.  For  this  reason 
hollow  steel  was  generally  used. 

Heading  Without  DriU  Carriage. — Before  the  rock  in  the  heading  became  so 
hard  as  to  require  very  heavy  drills,  no  drill  carriage  was  used,  the  drilling 
equipment  being  carried  and  erected  by  hand.  By  this  method  in  Trenton 
Limestone,  before  the  rock  had  become  too  crystalline,  the  maximum  progress 
of  810  ft.  was  made  in  an  8  X  12-ft.  heading  in  31  working  days,  a  record^ 
breaking  i)erformance.  Six  rounds  were  drilled  and  fired  each  day,  two  each 
shift.  The  maximum  day's  progress  was  something  over  30  ft.,  while  on 
days  when  igneous  dikes  of  importance  were  encountered  the  progress  would 
sometimes  drop  below  20  ft.,  and  occasionally  a  shot  would  be  lost. 

Seven  muckers  were  used  to  handle  this  excavation,  three  casting  back  from 
the  face  and  fom*  shoveling  into  the  cars.  All  mucking  was  done  off  slick 
sheets  and  the  cars  were  designed  especially  low.  Thus  the  four  muckers 
shoveling  into  the  car  handled  all  the  muck  made  on  their  shift,  which 
amounted  to  from  12  to  15  cu.  yd.  per  man  per  shift.  This  record  is  particu- 
larly interesting  when  it  is  remembered  that  nearly  2  hours  out  of  each  8-hour 
shift  were  lost  in  blasting. 

To  break  this  rock  required  from  18  to  22  holes  and  about  500  steels  per  day 
for  an  advance  of  26  ft.  Four  2^ -in.  Sullivan  water  drills  were  used,  with 
the  water  emulsion  through  the  steel.  Each  driller  averaged  about  12.5  ft. 
per  hour,  deducting  only  the  time  lost  in  blasting.  About  6.8  ft.  of  hole  were 
drilled  per  cubic  yard  of  place  measurement  and  about  5.5  lb.  of  60  per  cent 
Foroite  powder  were  used  per  cubic  yard  with  30-grain  detonators. 

Headings  With  DriU  Carriages. — As  the  rock  became  harder  and  more  com- 
plex, requiring  more  powerful  drills,  it  became  imperative  to  devise  some 
mechanical  means  of  handling  the  equipment,  which  had  attained  a  weight  of 
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seyeral  tons.  The  common  type  of  European  drill  carriage,  was  not  suitable 
In  the  present  case.  This  was  principally  because  the  Mount  Royal  headings, 
averaging  from  50  to  100  per  cent  larger  than  the  Alpine  tunnel  headings, 
broke  so  much  ground  that  time  could  not  be  spared  to  muck  out  the  heading 
before  setting  up  the  drills.  It  was,  therefore,'  necessary  to  deyise  a  drill 
carriage  with  a  long  cantilever  arm  by  which  the  drilling  equipment  could  be 
extended  ahead  over  the  muck  pile  in  the  heading,  without  any  material  delay 
after  the  blasting  was  completed. 

In  order  to  bring  the  carriage  near  enough  the  face  for  an  arm  of  reasonable 
dimensions  to  reach  the  point  where  the  drills  were  to  be  set  up  the  track  on 
vihich.  the  carriage  ran  was  riveted  to  steel  plates,  which  could  act  as  slick 
sheets  and  could  be  mucked  off  rapidly.  Thus,  after  the  blasting,  the  muckers 
cleared  this  track  to  within  about  25  ft.  of  the  face  by  throwing  the  muck  that 
had  fallen  on  it  to  the  sides.    As  soon  as  this  was  done  the  drill  carriage  was 


Plan 


Rear  Elevation 


Side  Elevbtion 


FiQ.  1. — Simplest  type  of  carriage,  a  long  adjustable  cantilever  arm  extends 

drills  on  horizontal  bar  over  muck  pile. 


run  in,  hard  up  against  the  muck  pile,  the  cantilever  arm  carrying  the  drill 
bar  was  extended  and  the  drill  bar  jacked  into  place.  The  drills  were  thus 
always  in  the  heading  by  the  time  drillers  had  the  roof  and  sides  barred  down 
and  sufficient  muck  thrown  back  from  the  face  to  permit  the  drill  bar  to  be  set. 
While  the  drillers  were  jacking  up  the  bar  the  pipe-fitter  was  connecting  the 
two  large  drill  carriage  hoses  to  the  ends  of  the  water  and  air  pipes  entering 
the  heading.  None  of  the  drills  was  ever  dismounted  from  the  bar  or  dis- 
connected from  its  manifold.  The  drillers  started  work  as  soon  as  the  bar  was 
tight. 

Two  types  of  carriages  were  designed  and  built.  One  (Fig.  1)  was  very 
simple,  for  use  in  the  small  8  X  12-ft.  heading;  it  was  merely  a  carriage  proper 
somewhat  similar  to  the  Carter  carriage  except  that  the  cantilever  beam  moved 
with  the  drill  bar  instead  of  having  the  bar  slide  on  the  beam.  The  other 
(Fig.  2)  had  the  moving  beam,  and  as  it  was  for  use  in  the  large  heading,  10  X 
13  to  14  ft.,  it  also  had  a  muck-handling  attachment  for  transporting  the 
excavated  material  from  the  face  to  cars  in  the  rear. 
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Although  the  muckers  lost  a  few  minutes  while  placing  the  machine,  and 
only  one  central  track  was  used  at  the  face,  no  more  muckers  were  required  to 
clear  out  the  heading  with  the  drill  carriage  than  were  used  before  the  drill 
carriage  was  installed.  This  was  probably  due  to  having  the  track  cleared 
down  the  center  of  the  heading,  which  i)ermitted  all  the  muckers  to  work  to 
better  advantage  while  the  mucking  was  actually  going  on. 

Drill  Carriage  Increases  Progress. — The  efifect  of  drill  carriage  work  is  shown 
by  the  results  obtained,  for  instance,  in  heading  3  E  where  the  muck-handling 
drill  carriage  operated  for  over  six  months.  For  the  six  months  prior  to  the 
installation  of  the  drill  carriage  in  this  heading  the  average  progress  was  350 
ft.  per  month  in  crystalline  limestone  cut  by  numerous  dikes  and  in  places 
highly  impregnated  with  various  contact  minerals.  For  the  six  months  after 
the  installation  of  the  drill  carriage  the  average  progress  was  485  ft.  per  month, 
almost  entirely  in  Essexite.  The  hardness  of  the  rock  may  be  realized  from 
the  fact  that  20  to  24  holes  were  required  to  break  the  groimd  and  about 
IjOOO  steels  were  used  a  day  for  an  advance  of  19  ft. 

Saving  Effected. — Four  3% -in.  Sullivan  drills  were  used.  The  water  attach- 
ment was  not  used,  as  the  length  of  time  required  to  put  down  a  hole  caused 
the  water  to  freeze  and  gave  trouble  in  operation.  Each  driller  averaged 
about  8  ft.  per  hour,  deducting  only  the  time  lost  in  blasting.  About  7  ft. 
of  hole  were  drilled  per  cubic  yard  of  place  measurement,  figuring  the  heading 
9H  ft.  high  by  13  ft.  wide.  About  7  lb.  of  60  per  cent  powder  were  used  per 
cubic  yard  with  30-grain  detonators.  As  the  force  employed  with  the  drill 
carriage  was  practically  the  same  as  that  employed  without  it  the  increase  of 
38  per  cent  was  made  at  considerable  saving. 

It  is  interesting  to  note  that  the  progress  made  with  the  simple  drill  carriage 
was  almost  identical  with  that  made  with  the  muck-handling  drill  carriage, 
the  former  requiring  slightly  more  muckers  i)er  cubic  yard. 

Much-Handling  Carriage. — The  muck-handling  drill  carriage,  which  was  the 
first  one  to  be  actually  built  (Fig.  2),  was  a  very  heavy  machine,  having  all 
of  its  parts  operated  mechanically,  and  was  designed  to  remain  in  the  heading 
while  the. drilling  and  mucking  were  going  on.  The  conveying  belt,  16  in. 
wide  by  75  ft.  between  head  and  tail  pulleys,  was  driven  by  a  Dake  air  engine. 
All  other  power  was  electrical.  The  carriage  consisted  actually  of  two  sepa- 
rate machines  or  carriages:  First,  the  drill  carriage  proper,  which  supported 
and  operated  the  cantilever  arm  carrying  the  drill  bar;  and,  second,  the  muck 
conveyor,  which  slipped  through  the  lower  part  of  the  drill  carriage  and  was 
supported  a  few  inches  abqve  the  track  on  cross  shafts.  The  belt  was  elevated 
in  order  to  cantilever  out  over  three  muck  cars  in  the  rear. 

When  the  tracks  were  cleared  and  the  drill  carriage  run  in,  one  man  at  the 
electric  switches  was  able  to  extend  the  beam  over  the  muck  pile,  raise  or 
lower  it,  or  swing  it  to  right  or  left,  as  the  case  might  be,  to  fit  the  heading  as  it 
happened  to  break.  Although  this  machine  appears  at  first  glance  to  be  cum- 
bersome and  complicated  it  is  an  interesting  fact  that  breakdowns  of  any  sort 
were  very  rare.  In  fact,  during  the  six  months  of  its  oi)eration  the  total  delays 
in  any  way  connected  with  the  drill  carriage  did  not  aggregate  one  shift  in  lost 
time. 

The  principal  advantages  of  the  muck-handling  drill  carriage  are  these:  As 
the  carriage  remains  in  the  heading  after  the  drills  are  set  up  the  mass  behind 
the  drills  is  so  great  as  to  practically  eliminate  all  vibration  during  the  drilling. 
Its  movements  are  mechanical,  so  tMt  the  setting  up  and  taking  down  are 
more  rapid.     Since  the  muck  is  thrown  off  the  track  to  the  side,  the  carriage 
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track  being  laid  at  one  side  of  the  gangway,  the  muckers  can  work  with  equal 
efficiency  anywhere  along  the  line.  As  the  conveyor  is  very  low,  less  exertion 
is  required  by  the  men  than  in  shoveling  into  the  higher  cars.  Three  cars  are 
run  in  at  a  time  by  the  locomotive  so  that  the  muckers  lose  less  time  through 
the  shifting  of  cars. 

Heading  Carriage  Conclusions. — In  a  heading  where  the  section  is  large,  or 
the  rock  reasonably  soft,  so  that  the  yardage  to  be  handled  each  day  is  very 
considerable,  the  muck-handUng  driU  carriage  is  far  preferable  to  the  simple 
carriage.  This  is  especially  so  where  the  drilling  is  rapid,  so  that  a  good  num- 
ber of  shots  per  day  are  obtained,  since  the  time  saved  in  setting  up  and  taking 
down,  as  well  as  the  rapidity  of  mucking,  is  an  imi>ortant  factor.  If,  however, 
the  rock  is  hard  and  the  heading  small  the  simple  drill  carriage  will  give  just 
as  good  progress  and  for  a  reasonable  amount  of  muck  the  cost  per  yard  is  just 
as  low. 

It  is  the  writer's  opinion,  after  having  operated  both  machines  under  very 
similar  conditions,  that  the  simple  carriage  is  superior  to  the  heavier  machine 
except  where  a  large  volume  of  muck  has  to  be  handled  or  inefficient  muckers 
must  be  employed.  This  is  principally  on  account  of  first  cost,  since  that  of 
the  simple  carriage  is  insignificant. 

Bench  Excavation. — ^After  the  heading  and  break-up  work  in  the  tunnel  had 
been  completed,  two  benches  remained  to  be  excavated,  one  on  either  side  of 
the  original  heading  gangway.  These  benches  aggregated  from  8  to  10  cu. 
yds.  of  solid  excavation  per  foot  of  timnel.  The  problem  of  drilling  on  the 
benches  was  a  particularly  difficult  one  due  to  their  tendency  to  slope  toward 
the  gangway  and  the  extreme  irregularity  of  their  tops.  Another  complica- 
tion was  the  continuous  traffic  in  the  gangway  since  the  drilling  had  to  be 
started  long  before  the  completion  of  the  break-up  excavation  in  the  central 
part  of  the  mountain.  It  was  decided  therefore  to  use  a  drill  carriage  for  this 
work  also  and  the  bench  drill  carriage  as  finally  designed  is  quite  original  both 
in  type  and  detail.  Mr.  Brown  found  this  carriage  was  the  greatest  money 
saver  in  the  excavation  equipment  at  Mount  Royal. 

Bench  Drill  Carriage. — The  carriage  proper  consisted  of  a  heavy  traveler, 
30  ft.  long,  which  was  moved  along  the  heading  gangway  as  the  drilling  pro- 
gressed .  The  wheels  were  double-flanged  and  had  very  heavy  axles ,  sufficiently 
long  to  give  lateral  play  that  would  enable  the  wheels  to  follow  the  local 
irregularities  of  the  track  horizontally.  The  vertical  play  required  was  given 
by  the  spring  of  the  traveler  frame  itself.  The  gage  of  the  carriage  track  wa» 
of  such  a  width  that  the  side  trusses  comfortably  cleared  the  gangway  sides 
in  all  places  and  at  the  same  time  permitted  a  single  muck  track  to  operate 
between  them.  The  traveler  was  fitted  at  each  side  with  an  adjustable  out- 
rigger supporting  a  horizontal  quarry  bar,  which  in  turn  carried  from  four  to 
six  drills  mounted  on  column  arms  or  special  saddle  arms  and  connected  to 
the  air  line  through  a  single  manifold  thus  giving  great  fiexibility  in  setting  up 
and  operating. 

The  extra  width  in  the  tunnel  allowed  at  the  haundi  for  the  arch  support 
very  much  facilitated  the  drilling.  Two  parallel  lines  of  bench  holes  were 
usually  drilled.  The  outside  line  next  the  rib  acted  as  channel  or  line  holes, 
varying  in  spacing  from  about  4  ft.  to  8  in.,  depending  on  the  character >of  the 
rock  and  the  accuracy  of  the  line  required  in  the  tunnel  wall.  The  second  line 
of  breaker  holes  was  spaced  farther  apart.  The  line  holes  were  only  loaded 
when  the  rock  was  such  that  it  would  not  break  to  line  from  the  breaking  holes. 
Thus  the  sides  of  the  tunnel  were  not  shattered  by  heavy  blasting,  and  the 
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overbreak  was  unusually  small.  This  was  also  true  of  the  break-up  ezcava^ 
tion,  since  all  the  blasting  there,  being  to  two  faces,  required  only  the  lightest 
kind  of  shooting.  While  the  headings  used  5  to  7  lb.  of  60  per  cent  powder 
per  cubic  yard,  the  break-up  and  bench  excavation  averaged  less  than  1  lb. 
to  the  yard. 

As  the  drill  carriages  kept  weU  ahead  of  the  blasting,  and  as  all  the  bendi 
muck  was  handled  by  steam  shovel,  only  two  muckers  were  required  in  each 
drill-carriage  crew.  These  two  men  cleaned  off  the  top  of  the  bench  and  ex- 
tended the  drill  carriage  track,  with  the  aid  of  the  helpers,  as  the  carriage 
moved  ahead.  One  electrician  attended  to  all  the  trolley  and  lighting  woik 
connected  with  both  drill  carriages,  and  one  mechanic  did  all  the  pipe-fitting 
and  drill  repairs  necessary  for  both  drill  carriage  outfits.  The  platform  on 
each  carriage  above  the  muck  track  was  mainly  used  for  repairing  drills  and 
the  storage  of  extra  drills,  spare  parts,  steel  and  supplies  for  daily  use. 

Progreta. — ^The  progress  obtained  with  this  drill  carriage  amounted  to  from 
30  to  90  ft.  of  tunnel  per  day.  depending  principally  upon  the  character  of  the 
rock  and  the  configuration  and  condition  of  the  bench.  When  the  ground  was 
particularly  irregular  and  was  cut  by  dikes  or  when  the  bendi  was  found  to 
be  somewhat  shattered  from  previous  blasts  the  drilling  would  be  slow  and 
uncertain,  often  several  holes  being  necessary  to  secure  one  of  the  proper  depth 
and  direction.  Again,  when  the  top  of  the  bench  was  very  irregular  or  sloped 
at  a  steep  angle,  it  was  often  tedious  work  to  start  the  holes.  Compared  with 
the  time  required  for  drilling  with  colunms  or  tripods,  however,  the  progress 
was  more  than  merely  satisfactory. 

It  ^as  been  f oimd  that  even  imder  favorable  conditions  on  outside  rock  the 
lost  time  in  tripod  drilling  often  amounts  to  50  per  cent  of  the  time  actually 
si)ent  with  the  machines.  This  is  due  not  only  to  the  delay  in  setting  up,  but 
to  the  time  lost  in  shifting  the  tripod  to  "follow  the  hole."  Practically  all  of 
this  lost  time  is  eliminated  in  the  case  of  the  drill  carriage,  where  the  drills 
supports  are  rigid  and  the  drills  may  be  shifted  accurately  and  expeditiously 
with  a  minimum  of  labor. 

After  the  drill  carriage  had  got  a  good  start  a  powder  crew  was  sent  in  from 
the  west  portal  and  the  benches  blasted  well  ahead  of  the  steam  shovel.  By 
this  method  the  shovel,  a  model  41  Marion,  never  had  to  back  up  for  shooting, 
full  time  being  spent  in  excavation.  Five  to  six  hundred  cars  of  muck  were 
usually  handled  per  day  of  two  10-hr.  shifts.  This  aggregated  1.200  to  1.500 
ou.  yd.  of  loose  material,  or  about  700  to  1,000  cu.  yd.  solid.  The  linear  prog- 
ress of  the  shovel  sometimes  exceeded  600  ft.  pei;  week  where  there  was  noth- 
ing but  bench  excavation  removed. 

The  Trimming  Carriage. — ^The  final  trimming  of  the  tunnel  section,  prepara- 
tory to  lining,  is  too  often  a  very  measurable  peroenta^^  of  the  total  cost  of 
any  tunnel  excavation.  There  are  many  cases  where  the  cost  of  trimming, 
added  to  the  cost  of  extra  concrete  and  packing  required  to  fill  in  cavities 
left  by  falls  and  careless  or  inaccurate  excavation,  has  exceeded  the  actual 
first  cost  of  excavation.  For  some  reason  this  is  an  item  very  often  overlo<dced 
by  a  contractor,  especially  if  he  is  not  thoroughly  experienced  in  making  up 
his  bids  for  tunnel  work.  In  the  case  of  the  Mount  Royal  Timnel  however,  the 
actual  overbreakage  averaged  less  than  5  per  cent  and  the  cost  of  trimming 
including  squaring  up  the  hitch  for  the  concrete  arch  and  removing  the  debris 
ready  for  the  concrete  form  carriages,  added  less  than  5  cents  to  the  yardage 
cost  of  tunnel  excavation. 

The  trimming  drill  carriage  is  very  similar  in  construction  to  the  bendi 
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carriage  except  that  it  is  only  20  ft.  long  instead  of  30  ft.  In  fact,  much  of 
the  material  used  in  its  construction  came  from  one  of  the  bench  drill  carriages. 
It  consists  of  two  side  trusses,  20  ft.  long,  traveling  on  six  double-flanged 
wheels.  As  in  the  former  carriages  these  trusses  are  so  spaced  as  to  permit  the 
passage  of  a  train  of  timnel  cars,  both  for  muck  and  concreting  materials. 
Immediately  above  the  track  is  a  platform  for  storage  and  rei>air8.  In  this 
carriage,  however,  the  outriggers  with  their  quarry  bars  and  heavy  drilling 
equipment  are  at  the  bottom,  where  the  only  heavy  -drilling  occurs.  These 
outriggers  mount  heavy  piston  drills  and  were  used  in  excavating  the  toe  lift 
in  places  because  the  bench  was  so  high  that  the  line  holes  could  not  be  drilled 
to  sub-grade. 

Self-rotating  hand  hammer  drills,  oi)erated  from  extension  platforms  were 
used  for  drilling  for  the  hitches  and  were  also  used  from  the  top  platform  for 
trimming. 

The  advantages  of  this  carriage  are  its  lightness  and  ease  of  movement. 
It  also  eliminated  the  laborious  scaffolds  usually  required  for  trimming  and 
also  the  danger  to  the  workmen  from  these  scaffolds  which  are  hurriedly  and 
too  often  carelessly  erected.  Moreover,  it  is  a  noteworthy  fact  that  a  man 
works  faster  and  more  effectively  where  he  has  a  sense  of  security  and  is 
entirely  familiar  with  his  immediate  surroundings. 

Cost  of  Tunnel  of  the  Canadian  Pacific  Ry. — ^The  Rogers  Pass  tunnel  of  the 
Canadian  Pacific  Ry.  was  completed  Dec.,  1916,  11  months  ahead  of  the  con- 
tract time.  It  is  a  double  track  tunnel,  slightly  more  than  5  miles  in  length. 
One  of  the  most  interesting  features  of  the  construction  was  the  employment 
of  a  pioneer  or  auxiliary  heading.  The  methods  employed  in  the  driving 
of  the  tunnel  are  described  by  A.  G.  Dennis,  superintendent  in  charge  of  the 
work  for  the  contractors,  in  a  paper  presented  before  the  A.  S.  C.  E.  and 
printed  in  the  Jan.  Proceedings  of  the  Society,  from  which  the  following  is 
abstracted  in  Engineering  and  Contracting,  March  21,  1917. 

The  tunnel,  except  for  1,200  ft.  of  the  east  end  and  400  ft.  of  the  west  end, 
is  all  in  solid  rock,  classified  as  quartzite  in  the  geological  reports,  but  consist- 
ing largely  of  schists. 

East  Pioneer  Heading. — The  east  pioneer  heading  was  started  in  September, 

1913,  about  50  ft.  north  of  the  main  tunnel,  700  ft.  west  of  the  east  portal,  and 
about  60  ft.  above  the  main  tunnel  level.  This  location  was  adopted  in  order 
to  save  700  ft.  of  pioneer  tunneling,  to  reduce  the  quantity  of  soft  ground 
heading,  to  enable  work  on  the  heading  to  start  sooner  than  that  on  the  ap- 
proach cut,  and  to  get  rid  of  the  muck  readily.  The  power  was  furnished  by 
the  temporary  erection  of  an  old  compressor  along  the  Canadian  Pacific  Ry. 
track  above  and  a  pipe  line  down  the  hill  to  the  work.  This  heading  was  run 
as  neariy  level  as  drainage  would  permit.  The  grade  of  the  main  heading 
reached  the  grade  of  the  pioneer  at  the  third  cross-cut,  the  two  former  cross- 
cuts being  driven  to  the  dip,  and  material  from  the  main  heading  being 
hoisted  up  the  incline.  The  heading  reached  solid  rock  about  600  ft.  in,  at 
which  pohit  the  first  inclined  cross-cut  was  started,  at  about  the  beginning  of 

1914.  The  pioneer  timnel,  in  rock,  was  driven  about  2  miles  in  IH  years. 
The  maximum  progress  was  776  ft.  The  daily  average  was  20  ft.  for  the 
entire  drift  in  rock. 

West  Pioneer  Tunnel. — The  west  pioneer  heading  was  started  by  an  incline, 

300  ft.  long,  from  the  rock  outcrop,  700  ft.  east  of  the  west  portal,  about  150 

ft.  above  the  main  heading  level,  and  50  ft.  south  of  the  main  tunnel  line. 

This  location  was  selected  in  order  to  provide  dumping  ground,  shorten  the 
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length  of  heading  to  be  driven,  avoid  soft  ground  tunneling,  and  permit  an 
earlier  beginning  than  by  waiting  for  the  approach  cut  excavation.  This 
incline  was  very  wet  and  took  2  months  to  drive,  being  finished  in  the  latter 
part  of  July,  1914.  This  pioneer  tunnel  was  driven  for  a  length  of  more  than 
lyi  miles  in  less  than  a  year,  the  maximum  monthly  progress  being  932  ft.  * 
The  daily  average  of  24  ft.  for  nearly  a  year,  largely  through  very  hard  qqartz- 
ite  is  also  .unusual. 

Pioneer  Headings  in  Oeneral. — The  pioneer  tunnel,  in  rock,  was  7  ft.  hi^i 
and  8  ft.  wide.  It  was  driven  with  light  hammer  drills,  using  hollow  steel, 
with  water  attachments.  Three  drills,  in  general,  but  four  in  the  hardest 
rock,  were  used  in  a  heading.  Spare  drill  machines,  for  the  replacemoit  of 
drills  out  of  order,  were  kept  conveniently  at  hand  in  the  heading.  No  repairs 
were  made  under  ground.  The  hammer  drills  are  convenient  and  rapid,  the 
delay  and  expense  of  their  constant  breakage  perhaps  balancing  the  advantage 
of  speed  under  ordinary  conditions.  The  drills  are  mounted  on  a  light  hori- 
zontal bar,  about  18  in.  below  the  roof  line.  Air  and  water  are  taken  over  the 
muck  pile,  or  on  hooks  in  the  side,  by  a  single  hose  line  for  each,  to  a  manifold 
from  which  short  individual  hose  lines  supply  the  drills. 

Light  cars  (H  cu.  yd.)  were  used  for  muck,  and  the  latter  was  taken  off  the 
track,  instead  of  building  sidings  for  this  purpose.  ShoveUng  plates  were  used 
at  the  face  and  on  the  side  away  from  the  track  for  some  distance  back  of  the 
face,  in  order  to  facilitate  the  handling  of  empty  muck  cars.  The  ventilating 
pipe  was  a  12-in.  wooden  water  pipe  connected  to  the  Connersville  blowers 
used  for  the  exhaust.  This  pipe  was  hung  on  the  side  away  from  the  track, 
close  up  to  the  roof,  and  was  carried  to  within  20  ft.  of  the  face.  Little  damage 
was  done  to  this  pipe  by  blasting.  The  blowers  were  started  exhausting  when 
the  first  shot  was  fired,  or  a  little  before,  and  were  run  for  20  minutes.  The 
men  got  back  to  work  in  from  5  to  10  minutes.  No  compressed  air  was  allowed 
to  be  blown  out  for  ventilating  purposes.  After  a  round  was  shot,  the  drillers 
followed  the  smoke  back,  barring  down  tiie  roof,  bringing  explosives  to 
reshoot,  and  wetting  down  the  muck  piles,  sides,  roof  and  face  with  water 
hose.  The  muckers  cleared  the  track  and  began  loading  the  muck  which  was 
scattered  back. 

VfhsD.  no  further  blasting  was  required,  the  lights  were  hung,  the  foreman 
sighted  the  line  and  grade  point  in  the  face,  and  the  drilling  gang  set  up  the 
horizontal  bar,  placed  their  drills  and  proceeded.  There  was  rarely  any 
muck  to  be  handled  before  the  drilling  could  be  started,  as  it  was  thrown  badL 
from  the  face  by  the  heavy  loading  in  the  bottom  holes  and  the  fact  that  they 
were  shot  last,  for  this  purpose.  There  were  two  helpers  to  three  drills,  who 
brought  up  and  changed  the  steel  and  adjusted  the  drill  machines.  Wbra 
the  drilling  from  the  upper  set-up  was  completed,  the  drillers  took  down  the 
machines  and  carried  them  back,  with  the  hose  connections  still  attached,  and 
oiled  them  up.  After  the  mucking  was  done,  the  bar  was  dropped  to  the  \oyns 
set-up,  near  the  floor,  and  the  driUs  were  set  to  drill  the  bottom  holes  or  lifters. 
The  drills  were  carried  forward,  put  on  the  bar,  and  were  drilling  sometimes 
in  less  than  2  minutes  after  the  bar  was  dropped.  While  the  bottom  holes  were 
being  drilled,  the  muckers  laid  the  track,  adjusted  and  covered  the  muddi^ 
sheets  with  muck,  and  brought  up  the  explosives.  The  holes  were  loaded  by 
the  machine  men,  helpers  and  foremen. 

For  the  small  part  of  the  tunnel  where  re-shooting  was  not  necessary,  an 
8-hour  shift  could  do  two  rounds  per  shift,  or  a  little  better.  Two  men  pidc 
down  the  muck,  and  three  men  load  the  car  and  push  it  out,  while  three  otben 
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stand  by  with  an  empty  car,  ready  to  put  it  oa  the  track  and  load  it.  The 
three  men  taking  out  the  loaded  car  return  near  the  face  with  an  empty  car, 
take  it  off  the  track,  and  rest  until  the  load  comes  out.  The  men  get  a  rest 
from  the  monotony  of  steady  continuous  shoveling,  and  the  empty  car  is 
available  at  once  after  the  load  goes  back.  The  pipes  for  ventilating,  and  for 
air  and  water  were  laid  by  a  pipe  man  and  helper,  who  looked  after  setveral 
headings. 

Doing  this  work  with  muckers  was  unsatisfactory.  Much  cars  were  taken 
from  the  heading  back  to  a  siding  by  a  single  mule,  and  from  there  to  the  diunp 
by  two  or  three-mule  team  driven  tandem,  until  this  method  became  inade- 
quate, and  then  compressed-air  locomotive  haulage  was  substituted  for  the 
long  haul.  The  heading  muck  cars,  after  the  shovel  and  switching  track  had' 
cleared  a  cross-cut,  were  taken  to  the  cross-cut,  pulled  up  an  inclined  trestle 
by  air  hoist  and  cable,  and  dumped  into  standard-gage  cars.  The  cross-cuts 
are  from  1,500  to  2,000  ft.  apart.  Air  pressure  was  maintained  at  about  90 
lb.  at  the  drills,  which  required  125  lb.  at  the  compressors  toward  the  end 
of  the  work. 

The  rounds  were  usually  6  ft.  The  cut  holes  were  generally  shot  once  or 
twice,  and  the  remainder  of  the  cut  was  shot  with  the  rest  of  the  round.  All 
shooting  in  headings  was  done  with  fuse.  The  explosives  used  were  40  and  60 
per  cent,  low-freezing  gelatine,  with  No.  8  caps.  The  rock  was  hard  to  break, 
and  the  quantity  of  explosives  was  necessarily  high.  From  21  to  28  holes 
were  drilled  in  the  pioneer  face.  Change  of  shifts  was  made  at  the  heading, 
the  shift  coming  on  taking  the  tools  out  of  the  hands  of  the  shift  finishing. 
Three  shifts  a  day  were  worked  every  day  in  the  year,  except  for  one  day  at  the 
east  end,  due  to  the  burning  of  the  fan  house,  and  one  day  due  to  the  breaking 
of  the  air  main  by  a  snowslide.  The  pioneer  gang  drove  the  cross-cuts  be- 
tween the  pioneer  and  the  main  tunnel  heading.  The  pioneer  tunnel  was  not 
driven  for  the  last  mile,  connection  being  made  by  the  main  heading  only, 
whidi  was  all  drilled  up  for  enlargement  before  the  enlargement  blasting 
reached  this  section.  The  main  heading  work  had  to  be  completed  before 
the  enlargement  blasting  and  mucking  reached  the  last  cross-cut,  as  it  would 
have  been  impossible  to  maintain  the  air  connections,  or  ventilate  the  main 
heading,  after  that  time,  so  as  to  allow  continuous  work. 

Main  Heading. — ^The  main  heading  was  entirely  through  the  rode  section. 
It  was  11  ft.  wide  and  9  ft.  high,  the  center  line  being  the  same  as  that  ci  the 
completed  tunnel  and  the  bottom  being  6  ft.  above  the  sub-grade.  The  posi- 
tion and  size  were  such  that  lateral  holes  could  be  drilled  from  this  heading  to 
break  the  enlargement  to  the  required  dimensions.  The  air,  water  and  ven- 
tilating pipes  for  this  heading  were  branches  from  the  mains  laid  in  the  pioneer 
heading.  Access  to  this  heading  was  obtained  through  the  cross-cuts  from 
the  pioneer,  and  muck  was  handled  around  the  enlargement  operations  by 
the  pioneer  route.  This  heading  was  generally  driven  in  a  westward  direc- 
tion, on  account  of  the  drainage.  The  system  of  driving  was  similar  to  that 
in  the  pioneer.  The  rounds  averaged  about  7  ft.,  and  32  holes  were  drilled 
in  the  hardest  rock.  The  main  heading  was  sometimes  driven  from  several 
faces.  The  average  daily  progress  per  heading  at  the  east  end  was  slightly 
more  than  16  ft.,  and  the  maximmn  monthly  progress  was  621  ft.  The  aver- 
age daily  progress  per  heading  at  the  west  end  was  20  ft.;  the  maximum 
monthly  progress  was  762  ft. 

Headings  in  General. — The  headings  were  sublet  at  a  price  per  foot  and  a 
bonus  for  more  than  450  ft.  per  month,  the  sub-contrafctor  furnishing  the  labor 
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and  explosives  only.    This  arrangement  proved  unsatisfactory,  and  was  dis- 
continued in  September,  1914.    After  this  time  a  substantial  bonus,  based 


Fio.  4.— Half  seotion  of  main  tunnel  and  center  heading,  showins  column  and 

drill  setting  for  ring  drilling. 

on  the  monthly  footage  and  equated  for  hard  rock,  was  given  and  divided 
among  all  men  directly  connected  with  the  heading  driving,  in  proportion  to 
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their  regular  wages  earned  for  the  month.  It  was  agreed  that  the  rate  d 
bonus  would  not  be  seduced.  The  latter  arrangement  resulted  in  23  per  c^t 
greater  speed,  and  a  large  saving  in  compressed  air  and  other  items  furnished 
to  the  sub-contractor  under  the  former  arrangement. 

Enlargement  Drilling. — Each  hole  was  pointed  by  clinometer,  the  column 
carrying  the  drill  being  set  always  at  the  same  distance  off  the  center  line,  and 
the  arm  for  the  lower  and  upper  sets  being  always  the  same  distance  aboye 
the  sub-grade.    line  and  levels  were  furnished  by  the  Railway  Company's 
engineers,  and  a  string  was  stretched  by  which  the  columns  and  arms  were 
located.    Each  drill  hole  has  its  proper  distance  from  the  arm.    The  drill 
holes  were  thus  bottomed  at  a  regular  distance  beyond  the  neat  line  of  the 
completed  excavation.    The  holes,  being  bottomed  with  reference  to  the 
line  and  grades  given  by  the  engineers,  were  not  afifected  by  irregularities  in 
the  heading  driving.     The  columns  were  set  by  men  for  that  purpose,  so  that 
the  drillers  and  helpers  had  only  to  do  the  drilling.    Hie  drill  steel  was  brought 
to  the  drillers,  and  the  dull  steel  was  taken  away.    The  drillers  and  helpers 
were  paid  their  wages  in  any  event,  but  the  footage  for  each  man  was  kept,  and 
if  the  price  set  per  foot  drilled  amounted  to  more  than  his  wages,  he  was  given 
the  difference  as  a  bonus  check.    Air  and  water  connections  were  made  for 
every  third  ring  of  holes,  and  only  one  drill  machine,  though  handled  by 
each  runner  of  the  three  daily  shifts,  completed  the  three  rings,  and  then 
moved  to  the  head  of  the  line,  taking  the  next  three  rings.    Congestion  of  men 
and  material  was  thus  avoided,  and  each  man  had  a  fair  chance  to  work  cm  an 
equal  quantity  of  hard  and  soft  rock. 

There  was  extreme  variation  in  the  quantity  drilled  by  different  men  in 
different  rock.  The  same  man  might  db  only  6  ft.  a  shift  in  the  hardest  quart- 
zite,  and  more  than  100  ft.  per  shift  in  the  softer  schist.  New  men,  after  a 
month's  practice,  generally  made  more  footage  than  men  of  long  experience 
in  mining.  In  general,  it  was  found  better  to  train  green  men  than  to  try  to 
get  men  accustomed  to  piston  drills  to  learn  to  nm  hammer  drills. 

Most  of  the  rings  were  6  to  6H  ft.  apart.  When  explosives  rose  in  price 
it  was  found  economical  to  space  the  rings  5  ft.  apart,  as  the  extra  drilling 
cost  was  balanced  by  the  saving  in  explosives,  with  the  added  advantage  that 
the  muck  was  broken  into  smaller  pieces  and  scattered  farther  back.  Where 
the  roof  was  soft  and  full  of  ^lips,  so  that  trouble  was  anticipated,  the  upper 
set  of  arms  on  the  column  was  lowered  1  ft.,  in  order  to  leave  some  trimming  of 
the  roof  to  be  done  by  jack-hammer,  flat  holes  and  light  blasting.  The  air 
and  water  for  the  enlargement  drilling,  as  well  as  the  supplies,  came  by  the 
pioneer  tunnel  and  the  cross-cuts,  so  that  this  drilling  was  not  disturbed  by 
the  enlargement  blasting.  Hie  drilling  for  the  last  mile,  where  no  pioneer 
tunnel  was  driven,  was  started  at  the  middle  and  progressed  toward  the  portal, 
the  track,  pipe,  etc.,  being  removed  as  the  drilling  was  finished. 

The  stopping  of  the  pioneer  tunnel  was  well-timed,  as  the  main  headin^r  was 
driven  and  the  enlargement  drilling  cx)mpleted  just  in  time  to  avoid  delaying 
the  enlargement  blasting  and  mucking  at  the  east  end. 

Enlargement  Blasting. — There  was  considerable  diflBculty  in  breaking  the 
bottom  to  sub-grade  when  the  rock  excavation  was  first  started.  This  was 
overc<mie  by  dropping  the  floor  of  the  main  heading  1  ft.  and  drilling  tlie  holes 
in  the  bottom  1  ft.  deeper.  Difficulty  was  found  also  in  getting  the  sides 
')elow  the  springing  line  to  break  for  the  full  width.  This  was  overcome  hy 
rilling  one  or  two  relief  holes  at  this  locality  in  tough  breaking  rock.  Id 
>ugh  rock,  two,  four,  six  and  sometimes  eight  holes  were  sprung.     If  oTer^ 
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sprung,  the  ring  being  shot  was  likely  to  break  into  the  next  ring  and  explode 
it,  or  shake  it  up  so  as  to  spoil  the  effect  of  the  blast. 

Generally  from  10  to  16  rings  were  kept  loaded  ahead.  Any  part  of  a  hole 
which  had  not  broken,  and  could  be  found,  was  reloaded  and  shot  with  the 
next  ring.  Generally  a  Uttle  muck  was  left  in  the  face  by  the  power  shovel  in 
.  order  to  prevent  the  first  ring  from  scattering  back  too  far.  11  the  previously 
shot  material  had  not  broken  to  the  required  width,  however,  all  the  muck  was 
loaded,  and  jack-hanuners  were  used  to  drill  up  this  tight  rock,  after  which  it 
was  shot  before  the  regular  rings  were  blasted.  Several  bottom  rings  were  first 
blasted,  then  a  top  and  bottoin  ring  were  blasted  together  until  the  muck  piled 
up  to  within  4  or  5  ft.  of  the  roof.  Then  blasting  was  discontinued,  and  the 
men  scaled  and  trimmed  the  roof,  working  from  the  muck  pile.  Where  no 
hol^  had  to  be  reloaded,  rings  could  be  blasted  at  intervals  of  from  15  to  20 
minutes.  The  blasting  was  done  with  a  battery  in  the  main  heading,  and  the 
bottom  holes  were  all  loaded  ahead,  the  wires  being  wound  up  and  stuck  in 
the  holes,  from  which  they  could  readily  be  pulled  out  and  connected.  The 
upper  holes  were  loaded,  but  no  primers  were  put  in  until  ready  to  blast. 
The  hcdes  were  loaded  to  within  4  ft.  of  the  collar,  whether  sprung  or 
otherwise. 

When  retiring  in  the  main  heading  to  blast,  the  blasting  gang  took  back  the 
scaling  tools,  so  that  they  might  examine  and  scale  the  roof  of  the  heading  if 
necessary  as  they  returned.  After  several  rings  had  been  blasted,  the  power 
shovel  crew  commenced  to  clean  up  the  beginning  of  the  muck  heap,  and  only 
retired  a  few  minutes  for  the  following  blasts.  Several  top  rings  were  gener- 
ally held  and  shot  at  meal  times,  when  the  shovel  had  excavated  sufficient 
muck  to  provide  room  for  more  without  blocking  the  airway  and  manway  over 
the  pUe. 

The  smoke  and  gas  from  the  blasting  were  quickly  taken  out  by  the  fresh 
air  forced  into  the  pioneer  tunnel  by  a  " Sirocco  fan"  at  the  portal.  The  air 
circulated  through  the  pioneer  tunnel  and  the  cross-cut  ahead  of  the  blasting, 
and  then  back  through  the  main  heading,  over  the  muck  pile,  and  out  at  the 
portal  of  the  main  tunnel.  This  circulation  was  prevented  from  short  cir- 
cuiting by  stopings  and  doors  in  the  cross-cuts  passed  by  the  shovel.  The 
quantity  possible  to  shoot  depended  on  the  distance  the  muck  was  thrown  back, 
or  the  quantity  of  muck  fox  which  there  was  room  without  interfering  with  the 
scaling  and  trimming  of  the  roof;  it  varied  from  24  to  1 10  ft.  Much  time  was 
lost  in  taking  up  the  track  before  blasting,  in  cleaning  up  the  thinly  scattered 
muck  directly  after  a  blast,  and  by  other  delays  incidental  to  each  clean  up, 
which  made  it  desirable  to  shoot  as  many  rings  as  possible. 

Enlargement  of  Mucking. — Mucking  was  done  with  small  steam  shovels, 
with  cylinders«nlarged  so  as  to  be  efficient  at  100  lb.  air  pressure,  and  with  the 
boom  sheaves  set  back  so  as  to  shorten  the  booms  and  protect  the  sheaves. 
The  shovels  loaded  the  muck  into  12-yd.,  standard-gage,  air-dump  cars.  The 
cars  were  shifted  to  the  shovel  by  two  small  compressed-air  locomotives,  and 
were  taken  from  a  spur  near  the  shovel  to  the  portal  by  a  larger  compressed- 
air  locomotive;  they  were  taken  by  a  steam  locomotive  from  the  portal  to  the 
dump.  During  the  past  year  the  shovels  mucked  18,550  ft.  throughout  3H 
miles  of  tunnel,  or  more  than  2  ft.  per  hour.  Blasting  and  trimming  took 
about  one-quarter  of  the  time.  The  best  monthly  run  for  one  shovel  was 
946  ft.  at  the  east  end,  and  1,030  ft.  at  the  west  end.  The  ground  between  the 
third  and  fourth  cross-cuts  at  the  west  end  became  so  dangerous,  owing  to  the 
material  in  the  roof  and  sides  falling,  that  one  shift  out  of  three  had  to  be 
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devoted  to  seating  tiiis  section  until  it  was  concreted.  About  2,600  cu.  yd. 
fell  or  was  scaled  in  this  section,  on  account  of  the  disintegration  oi  the  mate> 
rial  on  exposure  to  the  air.  Tlie  scaling  car  throughout  the  worlc  was  handled 
by  the  air  locomotive,  and  the  scaling  was  done  by  the  diovd  crew  or  ottiers 
during  the  time  the  shovel  was  stopped  for  enlargement  blasting.  Any  rode 
not  broken  to  the  required  dimensions  was  drilled  off  the  muck  pile,  or  from  the 
floor,  as  the  shovel  cleaned  up  as  far  as  possible,  or  from  a  car  left  at  the  shovel 
crew's  meal  time,  and  shot  before  the  next  rings  were  blasted.  The  enlarge- 
ment drill  holes  were  the  general  guide  as  to  the  trimming  required,  such  points 
as  were  missed  being  marked  by  the  Railway  Company's  engfaieef.  There 
was  very  little  over-breakage. 

Concreting. — ^About  IH  miles  of  the  tunnel,  including  the  soft  groimd  at 
each  end,  required  concreting.  This  work  was  sublet.  The  sub-contractors 
used  wooden  forms,  and  deposited  the  concrete  from  a  platform  near  the  roof 
reached  by  an  inclined  trestle.  The  concrete  mixer  was  on  the  car,  and  the 
materials  were  on  other  cars  back  of  it.  The  concrete  from  the  mixer  flowed 
into  a  small  car  which  was  hauled  by  cable  up  the  trestle  incline  to  the  high 
platform,  from  which  it  was  shoveled  into  the  forms.  Much  of  tiie  lining 
required  back  as  well  as  front  forms,  and  the  space  behind  the  back  forms  was 
fllled  with  rock  or  wood.  This  back  form  and  badc-^lling  work  was  slow  and 
expensive,  especially  where  there  were  only  a  few  inches  between  the  back 
forms  and  the  rock. 

Mr.  Dennis  in  Engineering  and  Contracting,  April  18,  1917.  states  that  the 
cost  of  the  total  improvements  which  includes  considerable  line  outside  of  the 
tunnel  was  approximately  96,500,000. 

The  timnel  proper  for  excavation,  concreting  and  so  forth,  incduding  con- 
tractor's profit,  was  below  $150  per  foot,  which,  being  a  double-track  tunnel, 
compares  very  favorably  with  $180  per  foot  for  the  Great  Northern  single- 
track  timnel. 

The  general  wages  paid  were  40  cts.  per  hour  to  drill  runners  and  35  ct.  per 
hour  to  others.  The  bonus  probably  averaged  25  per  cent  in  addition  to  these 
rates. 

Summing  up  the  reasons  for  the  rapid  progress  and  low  cost  of  the  Rogers 
Pass  timnel,  they  seem  to  be: 

First,  the  method  of  tunneling,  involving  the  driving  of  a  pi(meer  tunnel 
off  the  line  of  the  main  tunnel. 

Second,  the  excellent  administration  of  the  work. 

Third,  the  payment  of  liberal  bonuses  to  the  workmen,  which  bonuses  were 
adhered  to. 

Fourth,  the  use  of  hammer  drills. 

In  the  Aug.  (1917)  Proceedings  of  the  A.  S.  C.  E.,  as  showing  the  probable 
economics  of  using  tiie  pioneer  tunnel  method.  J.  Q.  Sullivan,  chief  Engineer  of 
the  railway,  quotes  the  following  from  his  report  of  March  13,  1913,  to 
officials  of  the  Canadian  Pacific  Ry.: 

This  method,  of  course,  is  only  applicable  where  the  rock  will  stand  without 
artificial  support,  at  least  during  the  time  of  construction.  Where  the  mate- 
rial must  be  artificially  supported,  then  the  top  heading  is  the  surest,  and  I 
think,  the  best  way.  The  progress  of  the  work  by  this  method,  as  I  said 
before,  depends  only  on  the  speed  that  the  pioneer  tunnel  can  be  driven.  If 
rock  is  self-supporting,  I  see  no  reason  why  from  20  to  25  ft.  per  day  could  not 
Placing  the  cost  of  driving  the  small  tunnel  at  $30  per  foot,  that 
Trnrt  of  the  work  that  would  be  rushed  under  high  pressure,  and  the 
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heading  proper  can  be  taken  out  at  least  $5  per  foot  cheaper  than  if  the  work 
must  be  done  under  pressure,  then  the  bench  containing  18  cu.  yd.  per  foot 
(neat  section)  can,  on  account  of  there  being  no  interruptions  to  wait  for  drill* 
ing  or  cleaning  up  to  put  in  breast  holes  or  knocking  down  material  in  order 
to  get  pipes  into  the  heading,  at  a  low  estimate,  be  taken  out  76  cts.  per  cubic 
yard  cheaper,  or  $13.50  per  foot,  whidi  would  make  a  saving  in  excavation  of 
tunnel  proper  of  $18.50  per  foot,  leaving  $11.50  to  be  taken  care  of  in  interest 
saved  account  making  greater  speed.  In  my  report  to  you  oi  Oct.  22,  1012, 
I  estimated  an  annual  saving  of  about  $226,000,  but  all  my  figures  were  very 
conservative,  and  I  took  into  account  only  one  or  two  of  the  larger  factors  of 
the  extra  expense.  Mr.  Bogue's  more  accurate  figures  show  a  saving  of  over 
$370,000.  However,  his  estimate  for  fuel  per  hp.  hour  was  40  per  cent  higher 
than  the  figure  I  used,  and  the.  price  of  coal  was  17  per  cent  higher  than  the 
price  I  assumed.  His  price  is  more  accurate  than  the  one  I  used,  but  assuming 
for  the  sake  of  being  conservative,  that  the  average  between  the  two  estimates 
would  be  approximately  correct,  that  would  mean,  say  $800,000  per  year 
saving,  to  say  nothing  of  the  hiterest  on  the  $3,000,000  or  $4,000,000  that 
will  be  invested  in  construction,  from  which  we  will  not  be  receiving  any 
benefit  until  the  work  is  completed.  Therefore,  if  this  tunnel  can  be  com- 
pleted one  year  sooner  by  using  this  method,  the  saving  thus  made  will  a 
great  deal  more  than  save  the  $11.50  additional  cost  of  the  pioneer  tunnel. 

The  results,  states  Mr.  Sullivan,  proved  that  these  estimates  were  conserva- 
tive. The  pioneer  timnel,  from  the  most  careful  studies  of  the  information  at 
hand,  cost  about  $28  per  foot  instead  of  $30,  as  estimated.  There  was  a 
great  deal  larger  diiference  than  75  cts.  per  cubic  yard  between  the  actual  cost 
of  enlarging  the  tunnel  by  this  method  and  the  estimated  cost  of  enlarging 
without  the  use  of  the  pioneer  tunnel;  and  another  item,  not  taken  into  account 
in  this  estimate,  was  the  fact  that  the  pioneer  tunnel  only  had  to  be  driven  less 
than  four-fifths  of  the  total  distance. 

It  has  been  stated  by  some  that  this  method  is  not  applicable  where  there 
are  soft  spots  in  the  rock.  If  the  soft  rock  enoounterod  does  not  exceed  50 
per  cent  of  the  total,  Mr.  Sullivan  is  confident  that  this  method  would  still 
prove  more  economical  than  any  other  which  has  yet  been  tried,  for  the  reason 
that  when  the  soft  places  are  encountered,  there  is  plenty  of  time  to  stope  out 
the  upper  part  of  the  arch  and  timber  it,  so  that  when  the  steam  shovel  arrives 
at  those  places,  there  will  be  no  delay  whatever,  and,  instead  ci  having  to 
stope  out  the  entire  section  by  hand,  as  is  necessary  in  the  imder-heading 
method,  only  about  half,  or  less,  of  the  material  in  the  section  requires  to  be 
removed  in  this  manner. 

Regarding  the  actual  costs  Mr.  Sullivan  quotes  further  from  the  report  of 
March  13,  1913: 

I  figure  that  by  this  method  the  pioneer  tunnel  can  be  driven  for  about  $30, 
the  main  heading  for  about  $40,  and  that  the  bench  can  be  taken  out  for  about 
$54,  making  a  total  of  $124.  There  will  be  incidentals;  contractors'  profit 
should  not  amount  to  over  $20  i)er  foot.  Of  course,  this  method  of  driving 
the  tunnel,  working  so  many  drills  at  <me  time,  will  require  a  larger  plant  than 
If  only  one  beading  was  driven,  and  that  at  a  lower  speed  tiiaa  we  con- 
template. 

The  expectations  of  the  railway  company,  stated  Mr.  SuBivan,  have  been 
more  than  realized,  as  is  proved  by  the  speed  and  the  cost  of  the  work.  The 
cost  of  driving  this  tunnel  through  rocdc,  including  in  this  price  the  cost  of 
driving  10,610  lin.  ft.  of  pioneer  tunnel,  12  cross-cuts,  each  about  40  ft.  long. 
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erecting  the  plant  (induding  freight) ,  the  proportionate  cost  of  building  about 
5  miles  of  temporary  railway  trades,  and  other  overhead  charges,  plus  10  per 
cent  on  all  expenditures,  will  amount  to  a  little' less  than  $5  per  cu.  yd.  for 
excavation  in  the  timnel  proper. 

In  his  discussion,  Mr.  Dennis,  who  was  in  charge  of  the  work  for  the  con< 
tractor,  stated  that  the  idea  of  the  pioneer  heading  originated  in  the  desire 
to  get  away  from  the  congestion,  smoke,  general  confusion,  and  interference 
of  one  operation  with  another,  observed  in  timnel  driving,  and  to  provide 
muck  in  large  quantities  for  handling  by  shovel.  His  work  in  coal  mines,  with 
air  course  run  with  the  main  entry,  suggested  the  pioneer  as  a  means  to  the 
desired  end. 

Cost  of  the  St  Paul  Pass  TonneL — The  following  data  are  taken  from  an 
article  by  K.  C.  Weedin,  in  Engineering  and  Contracting,  April  5,  1911. 

The  St.  Paul  Pass  tunnel  is  on  the  line  of  the  Chicago,  Milwaukee  A  Puget 
Sound  Ry.  where  the  latter  crosses  the  Bitter  Root  range  of  mountains  on  the 
Montana-Idaho  state  line.  It  is  8,750  ft.  long;  3,412  ft.  being  in  Montana  and 
5,338  ft.  in  Idaho.  The  summit  grade  in  tunnel  is  elevation  4,169  ft.  at  a 
distance  of  3,520  ft.  west  of  the  east  portal  and  this  point  is  1,020.7  ft.  below 
the  surface.  TJie  gradient  is  0.2  per  cent  in  both  directions  from  the  summit. 
The  location  lies-  in  a  zone  of  extremely  great  snow  fall,  possibly  the  greatest  in 
the  United  States;  the  actual  fall  during  the  winter  of  1907-08  being  33  ft. 
4  ins.    Fortunately  there  is  little  wind. 

Construction  was  begun  Jan.  18,  1907,  and  was  completed  March  4,  1909. 
The  writer  assumed  charge  for  the  company  oa  Dec.  6,  1907,  or  about  one 
year  after  the  work  was  started. 

The  C,  M.  &  P.  S.  Ry.  practically  parallels  and  lies  near  the  Northern 
Pacific  from  Missoula  to  Taft,  Mont.;  there  they  diverge. 

Taft  being  the  nearest  point  to  the  tunnel  on  an  operated  railroad,  2.5  miles 
distant,  it  was  decided  to  locate  the  power  house  there,  generate  the  dectridty 
and  transmit  it  to  substations,  one  at  each  end  of  the  timnel. 

A  wagon  road  was  constructed  from  Taft  across  the  range  at  great  expense, 
over  which  all  supplies,  machinery,  timber,  etc.,  were  transported  both  for  the 
west  end  of  the  tunnel  and  for  the  grading  and  bridge  work  on  the  west  slope. 

This  road  required  a  great  deal  of  attention.  The  average  traffic  over  it 
was  about  100  four-horse  teams  per  day  and  the  maximum  about  160  four- 
horse  teams.  About  60  men  were  required  in  summer  to  keep  the  road  open, 
and  about  twice  that  number  were  required  in  winter  and  spring.  These  men 
were  stationed  in  three  camps  along  the  road,  one  at  each  portal  and  one  at  the 
summit.  The  road  was  about  4K  miles  long  and  the  summit  was  about  1,000 
ft.  above  the  portals.  Fresh  snow  was  attadced  with  a  steel  logging  plow 
pulled  by  24  horses,  then  a  30-horse  wooden  wedge  plow  was  used  and  the 
work  was  finally  finished  with  shovels.  In  spite  of  this  work  the  road  bed 
was  steadily  elevated  during  the  winter  until  it  was  well  up  to  the  roofs  of  the 
camp  houses. 

During  the  winter  of  1907-08  a  cableway  one  mile  long  was  built  from  the 
east  portal  to  the  summit.  This  cableway  was  driven  by  a  30-hp.  motor. 
Supplies,  fuel,  timber,  etc.,  were  teamed  from  Taft  to  the  lower  terminal  near 
east  portal,  carried  on  the  cableway  to  the  summit,  there  transferred  to  wagons 
and  hauled  down  the  west  slope.  This  method  obviated  the  long,  heavy  team 
haul  up  the  mountain  and  greatly  lessened  the  time. 

The  main  power  station  equipment  consisted  of  the  following  items: 
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50-hp.  AtUs  high  pressure  tubular  boilers,  set  up  in  batteries  of  two. 
_^,-'lake  8  X  5  X  10-iiy  boiler  feed  pumps. 
*       '  airbanks-Morse  5H  X  3M  X  6-m.  boiler  feed  pump. 

2   "^  '^•lake  14  X  7H  X  12-in.  underwriters  fire  pump,  normal  capacity  500  gala. 
,  .-i^—  per  minute. 

{lake  14  X  22  X  24-in.  air  pump  and  jet  condenser. 
0  X  48-in.  Corliss  engines. 
i»  :  ^  4  X  28  X  20-in.  tandem  compound  McEwen  engine  direct  connected  to  a 
j^  vn    200-kw.  d-phase,  60-cycle,  2,200-yolt  generator. 
^\i7  X  22-in.  Atlas  engine. 
\'  ff>**  'OX  16-in.  Atlas  engine,  driving  exciters. 

,.  .:^-''0O-kw.  3-phase,  2,200-volt,  60-cycle,  G.  E.  generators  belted  to  the  CorHss 
gj(    engines. 

*  JOO-kw.  3-phase,  2,200-volt,  60-cycle,  engine  type,  Westinghouse  generator, 
jiwjrtJi**   direct  connected  to  McEwen  engine.     A  17fs-kw.  125- volt  Westinghouse 

exciter  was  belted  to  this  generator. 
,^;J5-kw.  125-volt  G.  E.  direct  connected  generator,  used  for  exciter. 
f^  ^^^^JSO-kw.  2,200  to  6,600-volt,  60-cycle  transformers — oil  cooled. 
J- :   c^*  Bets  of  6, 600-^ volt  multigap  lightmng  arresters  with  choke  coils  and  all  necessary 
^  ,^  t ''     switch  board  panels,  connections,  volt  meters,  circuit  breakers,  etc. 

yi'  '"^  The  machine  shop  equipment  was  as  follows: 

"^     \  24-in.  X  14-ft.  New  Haven  heavy  duty  engine  lathe. 

•  "^  '    Four-jaw  chuck,  16-in.  diameter. 

,.  :.<''  20-in.  Hoefer  back  geared  drill  press  fitted  for  No.  3  drill  socket. 

^ ,. ,,    30-in.  Wallcott  A  Wood  geared  sbaper,  extended  base  and  counter  shaft. 

No.  96  Forbes  belt  and  hand  driven  pipe  machine  with  dies  from  1  in.  to  6  ina. 
.-•"*•        with  cutting  off  attachment. 
,  ,^-   Blacksmith  outfit  complete. 

^  The  power  station  was  protected  by  a  good  gravity  water  system  in  addition 
v^ '"  J  that  afforded  by  fire  pump.  The  capacity  of  plant  was  750  kw.  and  the 
X  -'^    Iternating  current  was  carried  to  the  sub-station  at  each  end  of  the  tunnel — 

,yi  miles  to  the  east  end  and  4)4  to  the  west  end. 
-  ' '  *    At  each  sub-station  the  current  is  stepped  down  from  6,600  volts  to  440 
'  "^  'olts  through  three  100  kw.,  oil  cooked  transformers. 
*'  ,    The  east  end  sub-station  equipment  comprised  the  following  items: 

.  i  220-hp.  60-oycle,  S-phase,  440-volt,  G.  E.  induction  motors,  driving  com- 
pressors, 
v  I  lOO-hp.,  60-cycle,  3-pha8e,  440-volt,  G.  E.  induction  motor. 
^,  1  100-kw.  575-volt,  G.  E.,  D.  C.  generator. 
'  '   1  50  hp.  2-pole  Thompson-Houston  dOO-voH  D.  C.  generatc»'. 
7       1  50-hp.  500- volt  Westin^ouse  D.  C.  motor. 
'1  30-hp.  4-pole,  500- volt  Westinghouse  motor. 

2  Westinghouse-Baldwin  electric  locomotives  fitted  with  2  No.  64,  500-V(dt, 
D.  C.  motors,  24-in.  gage. 

2  7H-kw.  600  volt  motors. 

3  100-kw.  6,600  to  440-volt,  60-cycle,  G.  E.,  oil  cooled  transformers. 
3  7M-kw.  440  to  **9^2o-volt  Westinghouse  oil  cooled  transformers. 

2  1,205  cu.  ft.  of  free  air  per  minute  each,  running  at  135  r.p.m.  Ingersoll- 
Se^eant,  belt  driven,  air  compressors,  type  J-2. 
•'  1  Size  K  Exeter  fan  with  2,000  ft.  16-in.  gsilvanised  iron  air  pipe. 
.  1  No.  2  Root  blower  with  5,()00  ft.  8-in.  galvanized  iron  air  pipe. 

1  16-in.  swing  saw. 

1  Numa  drill  sharpener. 

1  No.  1,  20-in.  self  feed  drill  press. 

1  Walcott  engine  lathe,  18-in.  swing,  12-ft.  bed. 
■  1  Model  20  Marion  shovel. 
'    25  IngersoU-Rand  3M^>  air  drills. 

The  equipment  at  the  west  end  was  practically  a  duplicate  of  that  at  the 
east  end  except  that  the  air  drills  used  were  Wood  drills  made  by  the  Wood 
Drill  Works,  Paterson,  N.  J. 

The  compressors  at  each  end  furnished  power  to  13  drills  (8  in  heading  and 
6    on  bench),  the  Marion  model  20  shovel,  the  drill  sharpening  machine,  a 
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welding  hammer  and  two  forges.  The  Marion  shovels  were  constructed 
especially  for  this  character  of  work,  the  booms  being  short  to  permit  swinging 
between  the  lining  timbers  and  were  equipped  with  IK  cu.  yd.  dippers.  Drill 
bits  were  upset,  reshaped  and  sharpened  on  a  Numa,  air  driven,  drill  sharpen- 
ing machine  that  proved  to  be  a  great  factor  in  making  rapid  progress. 

The  ventilation  of  the  tunnel  was  accomplished  by  the  use  of  an  Exeter 
fan  operated  as  an  exhauster,  exhausting  through  a  24-in.  galvanized  iron 
pipe  made  up  in  30-ft.  lengths  with  flanged  joints  and  paper  gaskets.  The 
end  of  this  pipe  was  maintained  at  a  distance  behind  the  bench  sufficient  to 
prevent  the  pipe  from  being  dented  and  perforated  by  shooting.  A  No.  2 
Root  blower  was  also  operated  to  pump  fresh  air  into  the  tunnel  through  an 
8-in.  galvanized  iron  pipe.  The  latter  pipe  was  carried  dose  to  the  heading 
face. 

The  tunnel  was  driven  by  the  top  heading  method.  The  material  in  general 
was  a  laminated  quartzite  with  talc  between  the  strata,  but  the  character 
changed  often,  which  necessitated  changes  in  the  method  of  conducting  the 
work. 

The  heading  was,  when  the  material  permitted,  driven  with  a  full  face  fol- 
lowing it  as  closely  as  practicable,  usually  from  50  ft.  to  60  ft.  with  the  timber 
lining,  but  often  it  became  necessary  to  drive  small  side  drifts  for  the  wall 
plates  and  carry  the  arch  timbers  within  2  ft.  of  the  face.  Usually  6  drills 
were  operated  abreast,  driving  the  full  heading  face,  two  on  one  column  about 
3  ft.  each  side  of  the  center  line  and  one  on  a  column  in  each  comer.  These 
were  followed  by  a  "  trimmer"  taking  off  all  points  to  obtain  the  correct  section. 
This  work  was  followed  by  a  special  timber  crew  erecting  the  timber  lining. 

The  packing  back  of  lagging  on  side  walls  from  the  siUs  to  the  hei^t  a  man 
could  shovel  is  the  natural  material  excavated  from  the  bench;  from  this  ele- 
vation to  the  wall  plates  and  over  the  arch  the  packing  is  cord  wood  driven 
tight  and  wedged.  Wood  packing  was* not  particularly  objectionable  here 
as  the  tunnel  was  very  wet.  The  heading  material  was  shoveled  into  1  cu.  yd. 
end  dump  cars,  pushed  by  hand  to  a  diute  back  of  the  bench  and  dumped  into 
a  car  on  a  side  track  on  the  bench  level.  The  heading  track  was  supported 
over  the  bench  by  timbers  spanning  the  tunnel  and  resting  on  the  wall  plates. 

The  bench  was  driven  by  4,  and  at  times,  5  drills  working  on  the  flo<»  level; 
occasionally  it  was  necessary  to  drill  "down"  holes  and  also  at  some  places 
where  the  material  was  particularly  hard  it  was  necessary  to  take  out  a  sub 
bench.  In  fact,  many  different  tunneling  methods  were  resorted  to.  as  cir- 
cumstances dictated.  The  timber  lining  on  the  bench  was  done  by  the  regular 
bench  crew. 

The  air  shovels  loaded  all  bench  material  into  IH  cu-  yd.  Peteler  cars  wfaidi 
were  spotted  by  horses,  but  hauled  out  of  and  into  the  tunnel  by  two  15-hp. 
electric  locomotives  at  each  end — ^from  8  to  11  cars  to  the  train. 

The  heading  muck  cars  were  run  out  on  a  platform  over  the  bench  workings 
a  distance  of  150  ft.  to  a  muck  chute  leading  to  the  tunnel  trains  on  a  track 
below.  This  platform  was  built  ahead  as  the  bench  progressed  and  new  chutes 
were  added  as  required.  In  front  of  the  bench  were  two  narrow  gage  trades  cm 
the  sides  of  the  timnel  with  a  crossover  beyond  the  chute  for  the  heading  mu(^. 

The  electric  locomotive  hauled  the  cars  to  the  crossover  and  the  ears  were 
hauled  by  a  horse  from  here  to  be  loaded  and  returned  to  the  outgoing  tradL. 
At  the  east  portal  the  dump  began  just  outside  the  approach.  Here  a  60^t. 
All  had  to  be  made  for  the  main  line.  At  the  west  portal  there  was  a  haul  of 
about  2,500  ft.  to  a  70-ft.  fill  about  600  ft.  long.    Snow  gave  trouble  on  tbe 
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dumps  and  10  or  12  men  were  required  in  winter  to  Iceep  tiid  track  open  (a 
wert  Bide  and  on  the  east  aWo  a  temporary  snow  alied  was  areoled  avet 
diDky  track. 

The  overbreak  was  cueCuOr  measured  ereiy  8  tt. — otteoer  when  m 
—and  averaged  2.94  cu.  yds.  per  llo.  tt.  ot  tunnel.    The  total   quantity 
lemoved  was  21.6  cu.  yds.  pet  Un.  ft. 


Fio.  fl. — Crou  Kotion  of  8t.  Paul  Pasa  Tunnel,  ghowinc  typa  of  timberinc. 
A  track  incline  connecttne  the  heading  and  bench  tracks  WM  utiUied  tor 
transpoitlng  timlier  and  tools  to  the  beading.  This  lacUne  waa  ao  arranged 
that,  as  the  bench  advanced.  It  could  easily  be  moved  forward,  and  the  timbera 
Buppoitlng  the  heading  track  could  be  taken  down  and  used  ahead.  The 
Incline  kept  all  heading  operations  away  fiom  the  bench,  and  aa  the  work  was 
conducted  on  the  bonus  system  the  bench  operaUons  were  not  Interfered  with 
by  the  carrying  of  tools,  machines  and  tinibec  into  the  heading,  and  conse- 
quently the  bench  operatives  could  not  complaJn  ot  being  dlsciimlnated 

TIte  bonus  system  consisted  In  glvhig  >Z  to  the  foreman  and  (12.60  for  distri- 
bution among  the  men  for  both  heading  and  bench  above  3H  ft.  per  shift 
based  on  the  monthly  average. 
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The  progress  record  is  shown  in  Table  I.  The  monthly  average  for  the 
twelve-month  1008,  was  544.6  ft. ;  for  1007,  80.3  ft.  The  highest  records  of 
daily  progress  were  Nov.  17,  18  and  10,  1008,  and  were,  respectively,  23.5  ft., 
32.5  ft.,  and  28.5  ft. 

Table  I. — Pbogress  Report  of  St.  Paul  Pass  Tunnel 

Total  Time  to  Average Best  record 

length,  complete,  progress,                         Progress, 

ft.  mos.              ft.             Month             ft. 
East  end: 

Heading 4.540  26  175  Dec,  1008  357 

Bench, 4,380  10  231  Feb.,  1000  350 

Tunnel 4, 770  27  177  Jan.,  1000  337 

^^^est  end  • 

Heading 4.201  10  221  Jan.,  1000  385 

Bench 4.361  17  256  Nov.,  1008  S27 

Tunnel 4,281  20  214  Jan.,  1000  416. 5 

Total  tunnel 8, 750  27  324  Jan..  1000  753. 5 

Two  shifts  of  10  hours  each  were  worked  until  about  six  months  prior  to  the 
date  of  completion,  when  the  time  was  changed  to  11  hours  per  shift.  Shifts 
changed  from  day  to  night  and  vice  versa  every  two. weeks.  The  wage  rates 
were  as  follows: 

For    10   hrs. 

Shift  bosses $4.  75 

Machine  runners 3.  75 

Machine  helpers . . .,. 3.  25 

Inside  laborers .* 2.  76 

Outside  laborers 2. 25 

Carpenters 4. 00 

No  complete  records  are  available  of  the  cost  of  the  work  but  the  following 

figures  are  averages  taken  on  the  work  when  it  was  proceeding  at  the  usual 

rate.    They  do  not  include  interest  and  general  office  expenses. 

Per 

Driving  lin.  ft. 

Labor S  84.  50 

Power  house  labor 7. 00 

Engineering  and  superintendence 3. 00 

Coal,  25  tons  per  24  hrs.  at  $2.50 4. 16 

Freight  on  coal 3. 20 

Plant,  50  %  of  cost  chgd,  against  the  work 15. 00 

Power  house  repairs 8. 75 

Dynamite  heading.  27 lbs.  60%  at  16^i  cte 4.45 

Dynamite  bench,  23  lbs.,  40  %  at  12  cts 2. 76 

Caps  and  fuse 2. 10 

Rubbei'  clothes 4. 62 

DriU  repairs,  small  tools,  etc 13. 65 

Water  system .35 

Camps 1. 10 

Total $154. 64 

Per  M.  Per 
Timbering                                                                                  ft.  B.  M.        lin.  ft. 

Timber  delivered  at  Taft $18. 50       $    0. 25 

Timber  teaming  from  Taft,  2>^  miles 4. 00  2. 00 

Timber  framing 4.  60  2. 25 

Cord  wood:  cutting  $2,  teaming  $2 4. 00  .40 

Iron .40 

Erecting  on  bench 2. 00 

Erecting  in  heading 2. 35 

Total $  18. 65 

Grand  total  cost  of  timber  lined  tunnel $173. 29 
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Cost  of  Land  Sections  of  Pennsylvania  R.  R.  North  River  Tunnels  at  New 
York. — The  following  data  are  given  in  an  abstract  in  Engineering  and  Con- 
tracting, May  11,  1910,  of  a  paper  by  B.  H.  M.  Hewett  and  W.  L.  Brown, 
Proc.  A.  S.  C.  E.,  Vol.  XXXVI. 

The  following  Summary  of  the  cost  of  excavating  the  land  tunnels  is  based 
on  actual  records  carefully  kept  throughout  the  work.  Types  of  tunnel  sec- 
tions are  shown  in  Fig.  liz. 


Cost  of  Excavation  of  Land  Tunnels,  in 

Manhattan 

Cubic  yards  excavated 43 ,  289 

Labor: 

Surface  transport $  0. 49 

Drilling  and  blasting 2.  37 

Mucking 2. 49 

Timbering 0. 87 

Total  labor". $  6. 22 

Material: 

Drilling $0.15 

Blasting 0.  21 

Timber 0.39 

Total  material $  0.  75 

Plant  running $  0.  76 

Surface  labor,  repairs  and  mainte- 
nance    0.15 

Field  office  administration 1 .  05 

Total  field  charges $  8.  96  * 

Chief  office  administration $  0.  34 

Plant  depreciation 0.  66 

Street  and  building  repairs 0.  27 

.  Total  average  cost  per  cubic  yard  $10.23 


»OLLABS    PER 

Cubic  Yard 

Weehawken 

Total  yardage 
and  av.  cost 

8,311 

61,600 

$0.87 
1.56 
2.08 
0.18 

$0.56 
2.24 
2.42 
0.76 

$4.68 

$6.97 

$0.15 
0.21 
0.20 

$0.15 
0.21 
0.36 

$0.56 

$0.72 

$0.65 

$0.74 

0.08 
1.18 

0.14 
1.07 

$7.15 

$8.64 

$0.38 
1.01 

$0.34 
0.72 
0.23 

$8.54 


$9.93 


A  typical  day's  working  force  for  drilling,  blasting,  mucking  and  timbering 


was  as  follows. 

Grade 

Superintendent . . . 
Assistant  engineer. 

Electrician 

Engineer 

Signalman 

Foreman 

Driller 

Driller's  helper. 


Total 
No. 

1 
1 
1 
1 
1 
3 
5 
6 


Laborers 14 


Timbermen. 
Timbermen  helpers. 

Machinist 

Blaoksmith 

Blacksmith  helper . . 

Nipper 

Waterboy 


3 

4 
1 
2 
2 
2 
1 


Total 47 


Rate  Drilling  and 

per  day  blasting:  No. 

$7. 70  H 

5. 80  H          ^ 

3.50  H 

3. 50  

2. 00  

4.00  1 

3.00  5 

2.00  5 

2.00  

o . uu  .... 

2.00  

4.00  1 

3.50  2 

2.00  2 

2.00  2 

2.00  1 


20M 


ickini 

g:    Timbering: 

No. 

No. 

H 

H 

H 

J^ 

H 

H 

1 

•  •  • 

1 

•   •  • 

1 

1 

14 


17^ 


3 
4 


9M 


Where  there  was  any  large  amount  of  soft  ground  in  the  roof,  the  timber 
gang  was  much  larger  than  shown  above  and  was  helped  by  the  mucking 
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gang.    The  drillers  did  most  of  the  mucking  out  of  their  heading  before  setting 
up  the  drills. 
The  following  is  an  analysis  of  the  cost  of  drilling. 

Analtzbd  Cost  of  Dbilling 

Cost  per  ft.  of  hole  drilled 

15  ft.  19  ft.  24  ft. 

Item  of  cost  4  in.  6  in.  6  in.  Average 

DriUing  labor $0.25  $0.28  $0.31  $0.28 

Sharpening 0.02  0.02  0.01  0.016 

Drill  steel  (5  in.  per  drill  shift) ...  0. 007  0. 007  0. 006  0. 007 

Drill  repairs 0. 02  0. 02  0. 02  0. 02 

High  pressure  air "0. 05  0. 04  0. 07  0. 07 

Totals $0.35  $0.38'  $0.41  $0,385 

*  This  is  an  estimated  figure,  ascertained  by  taking  a  proportion  of  the  whole 
charge  for  plant  running. 

Based  on  the  records  of  5  months,  in  which  12,900  cu.  yds!  were  excavated, 
the  following  data  were  derived. . 

Feet  of  hole  drilled  per  Lbs.  of  powder  used  per 

cubic  yard  of  excavation  cubic  yard  of  excavation 
15'  4"      19'  6"      24'  6" 
span —    span —    span — 

twin         twin         twin  15  ft.        19  ft.        24  ft. 

Portion  of  excavation     tunnel      tunnel     tunnel  4  in.         6  in.         6  in. 

Wall-plate  heading* 13.0  10.97  10.97  3.77  2.85  2.85 

Total  heading* 7.87  8.17  7.81  2.31  2.02  1.78 

Bench  and  raker  bench*.       5.97  6.15  7.56  0.94  0.93  1.13 

Trench* 9.82  15.96  18.10  1.84  2.48  2.73 

Average  for  section*.:       6.69         7.43         8.95       1.28         1.30         1.45 

Actual  amountt 6.82         7.27         8.95       1.22         1.24         1.27 

*  Figures  taken  from  typical  cross-sections. 

t  This  gives  the  actual  amount  of  drilUng  done  and  powder  used  per  cubic  yard 
for  the  whole  period  of  5  months  of  observation,  but  as  this  length  included  280 
ft.  of  heading  and  only  220  ft.  of  bench,  the  average  figures  (for  powder  especially) 
are  too  low. 

Comparative  Cost  of  Tunnelling  in  Soft  Earth  Using  Poling  Board  Method 
and  Hydraulic  Roof  ^hields. — ^The  following  data  are  given  in  Engineering 
Record,  Feb.  27,  1915. 

A  pair  of  hydraulic  roof  shields,  designed  and  built  for  the  job,  was  used  to 
complete  the  Point  Defiance  tunnel  of  the  Northern  Pacific  Railway,  near 
Tacoma,  Wash.  When  this  work  was  commenced,  a  high  rate  of  progress 
was  expected  with  ordinary  timbering  methods,  owing  to  the  apparently  firm 
and  well  drained  condition  of  the  earth  to  be  encountered,  and  to  the  known 
absence  of  rock.  However,  when  the  bore  had  been  driven  through  the  outer 
crust,  which  was  comparatively  dry,  a  wet,  sandy  formation  was  encountered, 
which  called  for  heavy  timbering  and  made  progress  by  the  poling-board 
method  very  difficult.  The  west  heading  was  advanced  at  an  average  of  only 
126  ft.  per  month  for  four  months,  and  at  the  end  of  this  time  the  contractors 
faced  the  necessity  of  finding  some  new  method  of  handling  the  work,  or 
losing  heavily  on  the  contract. 

A  New  Shield  Developed, — The  material  encountered  was  very  heavy  and 
had  a  tendency  to  "  flow  "  around  the  breast  boards  into  the  heading.     It  was 
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decided  that  some  means  must  be  provided  for  carrying  the  weight  of  this 
material  and  protecting  the  workmen  while  handling  muck  and  placing 
timber.  Accordingly  a  steel  shield  of  semi-cylindrical  shape  was  built,  de- 
signed to  be  thrust  forward  by  hydraulic  jacks,  and  just  large  enough  to  clear 
timbers  and  lagging  placed  beneath  it.  The  weight  of  this  shield  and  its  load 
was  carried  on  the  wall  plates  at  the  forward  end,  and  upon  the  timber  seg- 
ments at  the  rear. 

A  segmental  I-beam  rib,  projecting  on  the  inner  side  of  the  shield  and  form- 
ing part  of  it,  4H  ft.  behind  the  cutting  edge,  served  as  a  shoulder  against 
which  the  jacks  could  thrust.  Twelve  120-ton  hydraulic  jacks  were  used, 
these  being  set  between  this  I-beam  shoulder  and  the  last  segment  placed. 
The  width  of  the  shield  between  wall  plates  was  31  ft.,  the  rise  of  arch  14  ft.  10 
in.,  and  the  overall  length  14  ft.  In  addition  to  the  rib  for  taking  the  thrust, 
the  frame  had  a  4  X  6-in.  channel-iron  brace  in  four  segments,  and  a  2H-in. 
steel  tie-rod  with  tumbuckle.  The  shell  was  built  of  two  thicknesses  of  steel 
plates  ^  in.  thick  for  the  inside  and  ^  in.  for  the  outside.  All  bolt  and  rivet 
heads  on  the  outside  of  the  shield  were  countersunk.  The  cutting  edge  con- 
sisted of  1-in.  plates,  bolted  to  the  shield  to  faciUtate  easy  renewal.  Their 
forward  edges  were  bent  upward  slightly  to  prevent  wedging.  The  shoes 
on  which  the  weight  of  the  shield  was  carried  at  the  forward  end  were  steel 
castings  arranged  to  slide  on  angles  laid  on  the  wall  plates. 

Equipment. — ^A  bench,  24  to  28  ft.  long,  and  of  convenient  height,  was  left 
in  the  middle  of  the  heading,  on  which  to  handle  muck  and  timbers,  and  as  a 
safeguard  against  overbreak.  The  jacks  were  fed  from  a  hydraulic  pmnp, 
and  driven  by  an  electric  motor,  set  on  this  bench.  This  motor  also  operated 
a  conveyor  belt  whicdi  delivered  muck  from  the  heading  across  the  bench  to  a 
Marion  40-ton  steam  shovel  running  on  the  tunnel  floor.  The  shovel,  which 
ran  with  compressed  air,  loaded  this  material  into  4-cu.  yd.  cars  and  also 
excavated  the  bench.  These  cars,  of  3-ft.  gage,  were  handled,  in  trains  of 
two  to  six  at  a  time,  by  a  6H-ton  electric  locomotive.  Motor-driven  belt 
conveyors  were  also  used  to  remove  muck  from  the  two  wall-plate  drifts. 
These  conveyors  were  arranged  so  that  they  could  be  reversed  and  used  to 
carry  timber  into  the  drifts. 

The  timber  was  sawed  into  standard  lengths  outside  the  tunnel  and  sent  in 
as  needed.  In  order  to  maintain  easy  access  and  thus  facilitate  the  handling 
of  timber,  a  "high-car"  was  constructed,  whose  platform  (^pared  the  top  of 
the  shovel.  A  bridge  was  used  to  connect  this  platform  with  the  bench,  and 
the  car  was  thus  kept  back  of  the  sweep  of  the  shovel  boom.  The  car  ran  on 
rails  placed  on  either  side  of  the  track  provided  for  the  shovel. 

Operation. — The  normal  working  pressure  on  the  hydraulic  jacks  was  about 
10  to  13  tons,  although  the  initial  pressure  at  starting  sometimes  rose  to  30 
tons.  The  maximum  pressure  was  50  tons,  or  a  total  of  600  tons  on  the  entire 
shield.  After  each  advance  of  4  ft.,  timbers  for  a  new  segment  were  set.  The 
rate  of  advance  through  sandy  formation  was  usually  1  in.  per  minute,  which 
was  found  to  be  about  as  fast  as  miners  and  muckers  could  handle  the  material. 
In  order  to  measure  and  control  the  movement  of  the  shield,  three  measuring 
rods  graduated  in  inches  were  attached  to  it,  parallel  to  the  tunnel,  one  at  the 
top  and  one  at  each  of  the  wall-plate  shoes.  The  man  who  controlled  the 
operation  of  the  jacks  stood  where  he  could  watch  the  advance  of  the  top  rod, 
and  assistants  at  each  of  the  other  rods  called  to  him  the  advance  of  the  shield 
on  each  side.  By  closing  or  opening  one  or  more  jacks  on  either  side,  the 
direction  of  the  shield  was  easily  controlled.  Curves  were  successfully  driven 
88 


HANDBOOK  OF  CONSTRUCTION  COST 

by  malntainlne    different    rates  cf 
progreaa  on  the  two  sides. 

In  soft  ^ound  the  woikmen  ei- 
caratlng  at  the  cutting  edge  stood 


i  afforded   a  good  footing  while  ther 

■s  leaoed  against  the  face  of  the  head' 

g  ing.     Four  shovel  men  cut  away  the 

"  material  a  few  inchea  ahead  of  the 

«•  cutting  edge,  or  tooli  It  out  through 

"%  holes   in    the   I-beam  ring  when  It 

*  packed  np  ahead  of  this  piojectloo. 

0  About  eight  muckers  were  usually 
£  required  to  shovel  into  the  conveyor 
a  and  keep  the  bench  clear. 

V  The    wall-plate    drifts    were    so 

^  worked    that    theli   headings  were 

^  always  IS  or  20  ft.  In  advance  of  the 

.S  cutting  edge.'  As  the  shield  advanced 

i,  the  earth  at  the  sides  of  the  bench  was 

M  cut  away  below  the  wall  plates  to  the 

a  tunnel  floor,  and  plumb  posts  put  in 

■a  place  in  the  usual  nay.     The  waD- 

'3  plates  were  placed  by  the  engineer 

fin  charge  ol  the  work  and  securely 

^  blocked. 

'S  Coel  and  Pmerett. — With  the  poling 

i!  board  method  the  progress  with  a 

1  shift  of  thirty  men  had  been  only  4 

5  to  6  ft.  a  day,  but  with  the  shield  in 

^  tuU  operation  the  same  number  of 

g  men  advanced  the  heading  12  to  16 

■^  Ft.    a   day,   and  eliminated   all  the 

-g  false   timber  work   required   by  tbe 

1  former  method.  The  first  shield 
■S  built  was  tiled  out  near  the  wwt 

a  portal.     Progress  with  It  was  very 

3  satisfactory,  and  It  was  decided  to 

"3  build  a,  second  shield.    The  shields 

S  were  fabricated  by  tbe  Seattle  Dry- 

^  dock  A  Construction  Company  at  a 

^  cost    of    about    (3600   each.     They 

g  were  made  in  five  sections,  and  after 

H  being  assembled   In  the  shop  were 

I.  taken   Apart    tor  shipment   and  re- 

*  erected   in  the  tunneL    The  shield 

3  was  designed  and  patented  by  W. 
M.  McDowell,  of  Tacoma.  and  tbe 
work  done  with  it  In  the  Point 
Deftance    tunnel    was   carried    out 

.  under  his  peiWQBl  snpervisloii. 
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Labob  and  Lumbbb  Costs,  Polinq  Boabd  Mbthod,  Jult,  1912 

Shift  boas,  30  days  @  $5.00  per  day $     150. 00 

10  miners,  30  days  @  $3.00  per  day 900. 00 

17  muckers,  30  days  @  $2.50  per  d.ay 1 .  275. 00 

False  timber  in  place,  73,392  bd.  ft.  @  $10.00  per  M 733.  92 

Electrician,  30  days  @  $4.00  per  day 120. 00 

Total  for  day  shift $3 ,  178.  92 

Shift  boss,  30  days  @  $5.00  per  day $     150.  00 

10  miners,  30  days  @  $3.00  per  day 900.  00 

17  muckers,  30  days  @  $2.50  per  day 1 ,  275.  00 

False  timber  in  place,  73,392  bd.  ft.  @  $10.00  per  M 733.  92 

Total  for  night  shift $3,058. 92 

Total $6 .  237 .  84 

Credit  (89,786  board  feet  of  permanent  timber  furnished  by  Northern 

Pacific  Railroad  and  put  in  place  by  contractor  at  $11  per  M) 987.  64 

Net  total  for  the  month $5,250.  20 

Distance  tunneled  for  month,  136  linear  feet 
Cost  per  linear  foot $       37.  77 

Labob  and  Lumbeb  Costs  Usinq  Shisld,  Mat,  1913 

Shield  foremen,  29  days  @  $5.00  per  day $     145. 00 

Shift  boss,  29  days  @  $5.00  per  day 145.  00 

10  miners,  29  days  @  $3.00  per  day 870. 00 

13  muckers,  29  days  @  $2.50  per  day 942.  50 

False  timber  in  place,  19,700  bd.  ft.  @  $10.00  per  day 197. 00 

Electrician,  29  days  @  $4.00  per  day ^ 116. 00 

Total  for  day  shift $2,415.  50 

Shield  foremen,  29  days  @  $5.00  per  day $     145. 00 

Shift  boss,  29  days  @  $5.00  per  day 145. 00 

10  miners,  29  davs  @  $3.00  per  day 870. 00 

13  muckers,  29  days  @  $2.50  per  day 942.  50 

False  timber  in  place,  19,700  bd.  ft.  @  $10.00  per  day 197. 00 

Total  for  night  shift $2,299.  50 

Total $4 ,  715. 00 

Credit  (226,156  board  feet  of  permanent  timber  fiirnished  by  North- 
ern Pacific  Railroad  and  put  in  place  by  contractor  at  $11  per  M) . .  2 ,  487.  71 

Net  total  for  the  month $2,227. 29 

Distance  tunneled  for  month,  394  lin.  ft. 
Cost  per  linear  foot $5. 65 

Cost  of  Tunnel  Lining  By  Compressed  Air  Mixing  and  Placing. — The  following 
data  are  taken  from  an  article  in  Engineering  and  Contracting,  Jan.  12, 1916. 

Location  of  Mixer. — Generally  speaking  the  location  of  the  mixer  should  be 
as  neair  the  place  of  concreting  as  possible,  having  due  regard  to  suitable  length 
of  discharge  pipe.  A  part  of  the  mixing  process  takes  place  in  the  discharge 
pipe  and  the  length  of  this  pipe  must  therefore  be  sufficient  to  complete  the 
mixing  process.  It  is  assumed  as  an  approximation  that  50  ft.  of  discharge 
pipe  are  necessary.  At  Sandy  Ridge  tunnel  40  ft.  of  discharge  pipe  was 
employed  at  times  and  no  defect  of  mixture  was  observed.  These  lengtlu  of 
discharge  may  then  be  accepted  tentatively  as  necessary.  The  upper  limit 
of  length  of  discharge  pipe  is  detennined  by  relative  costs.  Practice  records 
lengths  up  to  nearly  2,800  ft.  Generally  speaking,  length  of  discharge  should 
be  kept  well  under  1,000  ft.  to  obtain  the  best  results  in  comparative  output 
and  costs. 

In  level,  the  location  may  (within  limits)  be,  without  detriment  to  results, 
considerably  either  above  or  below  the  point  of  depositing.  A  rise  of  pipe  of 
15  to  20  ft.  above  mixer  level  is  common  experience.    There  are  frequent 
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examples  of  rises  of  20  to  30  ft.  In  experiments  concrete  has  been  deposited 
100  ft.  above  the  mixer.  Probably  these  are  not  the  extremes,  but  tbey 
indicate  generally  the  limits  of  location  of  mixer  below  the  point  of  deposits 
Location  above  the  point  of  deposit  is  rare  in  practice.  At  Tallulah  Falls 
tunnel,  however,  one  mixer  was  located  at  the  shaft  top  and  operated 
successfully. 

The  ideal  location  of  mixer  for  timnel  lining,  and  particularly  for  lining  rail- 
way tunnel,  would  seem  to  be  on  a  car  as  at  Sandy  Ridge  and  Arminto  tunnels. 
With  an  air  main  through  the  tunnel  suppUed  trom  an  outside  compressor 
plant,  a  car  mounted  mixer  gives  a  remarkable  flexibility  of  lining  placing 
operations. 

Discharge  Pipe. — Size  Of  discharge  pipe  in  relation  to  capacity  of  mixer  has 
an  important  bearing  on  rapid  and  economic  operation,  but  ordinarily  this  is 
a  problem  that  need  not  concern  the  user.  As  made  by  the  companies  con- 
trolling the  process,  mixers  are  given  the  discharge  openings  suited  to  their 
capacities.  Wear  of  pipe,  pipe  alinement  and  pipe  handUng  are  however  dis- 
tinctly users'  problems  and  the  troubles  they  may  cause  imless  their  solution 
is  known  are  many. 

Pipe  wear  is  a  serious  problenL  Driving  a  batch  of  concrete  through  a 
closed  pipe  under  crowding  pressure  at  a  speed  of  a  mile  ^  minute  is  a  severe 
abrasive  test.  Practice  furnishes  rather  erratic  records  of  i^pe  wear,  because 
in  the  past  no  uniform  practice  existed  in  quality  and  make  of  pipe  used  or  in 
the  character  of  the  joints.  Naturally,  alinement  varied  and  especially  the 
amount  of  curvature  and  the  number  of  curves.  At  Tallulah  FaUs  tunnel 
spiral  riveted  pipe  was  first  tried,  but  the  lines  of  rivets  caused  rapid  wear  and 
frequent  ruptures.  On  the  Stockton  and  Twin  Peaks  tunnels  in  San  Fran- 
cisco studies  of  pipe  wear  gave  the  following  facts :  An  8-in.  steel  pipe  was  used 
and  16  cu.  ft.  charges  were  shot  imder  120  lb.  air  pressure  with  velocities  of 
75  to  100  ft.  per  second.  On  level  straight  line  ordinary  8-in.  flanged  connec- 
tion steel  pipe  not  quite  new  had  a  life  of  about  6,000  cu.  yd.  of  concrete  con- 
veyed. The  same  pipe  on  an  up-grade  of  7  per  cent  wore  through  first  on 
top.  Threaded  connections  proved  least  durable;  the  thinning  of  the  section 
by  threading  resulted  in  rapid  cutting  through  at  the  Joints.  At  bends,  4  ft. 
radius,  H-in.  steel  pipe  cut  through  in  instances  in  12  hours  continuous  con- 
veying and  averaged  only  60  hours'  life.  As  a  remedy  cast  manganese  steel 
elbows  were  adopted  and  despite  their  greater  expense  proved  more  economical 
than  ordinary  steel  elbows.  (Note  experience  in  the  Mount  Royal  Tuimel 
which  shows  a  different  result.)  Another  influencing  factor  is  the  character 
of  the  coarse  aggregate.  Pit  run  gravel  causes  least  wear,  broken  stone  causes 
more  rapid  wear  and  slag  causes  extremely  rapid  wear. 

The  causes  for  excessive  wear  indicate  the  remedies  to  be  adopted.  A 
straight  alinement  is  the  first  remedy.  Such  alinement  is  also  desirable  be- 
cause it  reduces  friction  and  so  saves  air.  Instead  of  even  upgrade  rises  use 
elbows;  this  confines  imusually  rapid  wear  in  short  sections.  When  tjie 
amount  of  concrete  to  be  handled  is  considerable  substitute  manganese  steel 
for  elbows.  Have  no  projections  inside  the  pipe;  it  should  be  absolutely 
smooth.  Use  a  form  of  connection  that  makes  the  joint  inside  smooth  and 
even  and  does  not  reduce  the  thickness  of  the  shell.  For  convenience  in  hand- 
ling the  joint  connection  or  coupling  should  be  one  that  can  be  quickly  and 
easily  made  in  restricted  space. 

Air  Consumption. — The  amount  of  air  oonsimied  depends  upon  the  specific 
gravity  of  the  aggregate,  size  of  pii)e  used,  size  of  storage  tank,  horizontal  and 
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vertical  distances  of  discharge,  kind  at  pipe,  number  of  bends  in  the  dischuge 
pipe  and  principally  upon  the  operator.  Table  II  gives  the  theoretical  capaci- 
ties for  continuous  operation  at  various  horizontal  distances. 

The  flgutes  in  Table  II  are  based  on  observation  for  the  shorter  distances 
of  discharge  and  are  computed  for  the  longer  distances.    At  the  St.  Louis 


Distance,  ft 100  200 

Time  of  shooting 10     15 

Time  of  losdinff,  sees. .     20    20 

Time  per  batch,  sees . .     30     35 

Batches  per  min 2.0  1.8 

Batches  per  hour 120  108 

Yards  per  hour 40     36 

Actual  free  air  re- 
quired, cu.  ft.  per 
min 400  720  1,300  1,600  1,700  1,800  1.^0  1,840  2.000 

Sixe   of   air   reservoir, 

cu.  ft 50  100       150       240       300       360       450       500       750 

waterworks  tunnel  the  air  consumption  was  from  ISt  to  1.7  cu.  ft.  per  lineal 
foot  of  discharge  pipe.  At  Richmond  Tunnel,  San  Francisco,  the  consump- 
tion was  1.3  cu.  ft.  per  lineal  foot  of  pipe.  Another  tabulation  given  by  H.  A. 
Leeuw  and  stated  to  be  based  on  three  years'  study  and  experience,  is  Table 
III. 

Table  III. — Cubic  Yards  op  Concrete  Per  Hour,   Mdcer  Capacttt   }4 

Cu.  Yd. 

Actual  amount  of  compressed  air     ^Length  of  horiaontal  discharge 

required  100       300       400       600        800     1.000 

Cu.  ft.  of  free  air  per  minute  Lin.      lin.      Lin.      Lin.       Lin.     Ian. 

ft.  ft.  ft.  ft.         ft.         ft. 

600  20  15  10  

800  30  20  18  12  6         .. 

1,200  40  30  25  20         12  8 

Time  Studies, — ^Tables  IV  and  V  give  two  time  studies  which  were  made  dur- 
ing the  course  of  a  regular  day's  nm  on  one  job.  The  air  supply  was  about  600 
cu.  ft.  per  minute  and  the  mixer  was  a  H-cu.  yd.  size.  It  was  charged  from 
overhead  bins  by  hand,  operated  by  sliding  gates  immediately  over  the 


Table  IV. — Time-study  No.  1 


Conaeo.  No. 

Charging 

Closing 

Discharg] 

of  shot 

mixer,  sec. 

door.  sec. 

mixer,  s 

1 

10.0 

4.0 

13.0 

2 

10.0 

2.0 

13.0 

3 

9.0 

3.0 

17.0 

4 

8.0 

5.0 

14.0 

5 

10.0 

5.0 

17.0 

6 

11.0 

2.0 

20.0 

7 

11.0 

6.0 

19.0 

8 

9.0 

6.0 

15.0 

9 

10.0 

5.0 

18.0 

v^eraee 

9.8 

4.2 

16.2 

Wait  for  rise  in 
air  pressure,  sec. 


23. 

0 

11. 

0 

15. 

0 

16. 

0 

20. 

0 

14. 

0 

20. 

0 

29. 

0 

•    •    • 

• 

17.2 

Average  time  per  shot.  47.4  seoonds.    Length  ctf  conveyor  i^pe  line,  315>feet. 
Vc^cal  rise  of  pipe,  15  feet.    Bends  in  pipe,  270  degrees. 


Closing  door, 

Discharging  mixer. 

seo. 

sec. 

3.0 

7.0 

3.0 

11.0 

1.0 

9.0 

4.0 

8.0 

4.0 

9.0 

5.0 

9.0 

5.0 

12.0 

9.0 

11.0 

3.0 

10.0 

5.0 

11.0 

5.0 

10.0 

4.0 

13.0 
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TaBLB   V. TiMB-STUDT   No.   2 

^Conseo.  No.  of       Charging  mixer, 
shot  sec. 

1  8.0 

2  5.0 

3  9.0 

4  7.0 

5  6.0 

6  7.0 

7  5.0 

8  7.0 

9  6.0 

10  5.0 

11  7.0 

12  5.0 

Average 8.7  4.4  10.0 

Average  time  ]9^  shot,  23.1  seconds.  Length  of  conveyor  pipe,  102  feet. 
Vertical  rise  of  pipe,  37  feet.     Bends  in  pipe  Une,  205  degrees. 

measuring  hopper;  two  laborers  controlled  the  sand  and  stone  gates  and  one 
laborer  operated  the  gate  to  the  measuring  hopper  and  also  the  air  valves,  and 
another  laborer  operated  the  water  valve  and  assisted  the  mixer  operator, 
making  five  men  at  the  mixer. 

Note  that  a  600-ft.  compressor  was  used  and  that  the  average  time  of 
waiting  for  the  air  pressure  to  come  up  was  17.2  seconds  in  time  study  No.  1, 
where  the-  distance  was  350  ft.  In  study  No.  2  where  the  distance  was  only 
102  ft.  there  was  no  wait  for  air  pressure. 

Lining  Mount  Royal  Tunnel  by  Pneumatic  Mixer. — The  following  data  are 
taken  from  an  article,  by  F.  C.  K.  Stuart,  published  in  Engineering  News- 
Record,  Jan.  24,  1918.  .  .  . 

In  placing  the  lining  of  the  Mount  Royal  tunnel  several  experimental 
pneumatic  mixing  plants  were  tried  out  before  determining  the  best  arrange- 
ment for  carrying  on  the  work. 

Tablb  VI. — Opbratino  Statistics  of  Third  and  Fourth  Pneumatic  Mzxino 

Plants 

Third  plant  Fourth  plant 

Mixer  capacity M-yd.  or  2-bag-batch  H-yd.  or  2-Dag-batoh 

Minimum  air  pressure,  lbs." 70                                     70 

Total  cu.  yds.  placed 18 ,  100                             37 .265 

Total  time,  mos 6. 7                                 8 

Best  monthly  output 4, 170*                               5,811* 

Force  employed: 

Mixer  plant 7    1                                     16'« 

Forms 3—5  / 

Max.  distance  between  mixer  and 

forms,  ft 1,200 

Average  distance,  ft 600 

Speed  of  discharge 1,200  ft  per  min. 

Time  required  to  move  and  set  up, . 

hrs : 2.5 

«  When  air  pressure  got  below  70  lb.  plugs  in  line  were  frequent. 

b  March  1916,  4,170  cu.  yds.  were  placed  working  two  shifts  and  using  five  sets 
of  forms. 

e  October,  1916,  5,811  cu.  yds.  were  placed  working  two  shifts  and  using  seven 
sets  of  forms. 

^  Tl\e  average  force  for  one  shift  in  the  tunnel  on  concrete  work  was  a  foreman, 
a  mixer  operator,  a  hoist  runner,  thirteen  laborers,  three  dinky  runners,  three 
brakemen,  a  pipe  fitter  and  a  handy  man.     The  carpenters  worked  one  shift. 
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The  best  results  in  placing  64,040  cu.  yd.  of  concrete  were  obtained  by  keep- 
ing the  mixing  plant  close  to  the  fonns.  This  eliminated  trouble  with  plug- 
ging the  line  and  made  it  possible  to  operate  with  less  compressed  air.  The 
plant  finally  developed  (the  fourth)  was  mounted  on  cars  which  could  move 
as  the  work  progressed,  and  in  which  the  mixer  was  charged  by  a  skip  loaded 
from  a  small  bin,  which  in  turn  was  fiUed  by  belt  conveyors  passing  beneath 
bins,  mounted  on  the  train  into  which  the  tunnel  cars  were  dumped.  These 
cars  were  hauled  up  an  incline  to  the  top  of  the  train,  see  Fig.  8.  This  plant 
placed  more  than  37,000  cu.  yds.  of  concrete  in  8  months,  with  7  sets  of  forms, 
not  only  reduced  the  delays  due  to  plugs,  but  effected  such  a  saving  in  wear 
on  the  pipe  that  it  was  possible  to  finish  the  work  without  purchasing  a  large 
extra  quantity. 

The  pipe  used  was  8-in.  mild  steel  that  had  been  employed  previously  as  an 
air  line.  This  pipe  had  plain  ends  for  Dresser  Joints,  and  these  joints  were 
used.  However,  they  were  not  considered  to  have  enough  strength  to  resist 
the  pull  of  the  concrete  through  the  pipe,  and  were  reinforced  by  fastening 
two  angles  to  each  end  of  each  section  of  the  pipe  and  connecting  angles  by  a 
pair  of  H-in.  machine  bolts.  At  the  commencement  of  the  work  ordinary  cast 
steel  elbows  were  supplied  by  the  agent  of  the  firm  which  furnished  the  mixers. 
They  proved  very  imreliable,  one  elbow  standing  up  1,000  yd.  and  another  one 
for  less  than  100  yd.  When  a  blowout  occurred  it  was  sometimes  possible  to  put 
on  a  patch  to  last  imtil  the  form  was  finished,  but  in  a  great  many  cases  it  was 
necessary  to  take  down  the  elbow  and  replace  it,  wasting  a  good  deal  of  time. 

The  first  improvement  made  was  to  get  some  split  elbows,  the  idea  being 
that  as  the  backs  alone  wore  out  they  could  be  replaced  with  little  more  than 
half  the  trouble  required  in  removing  the  whole  elbow.  Four  split  elbows  of 
manganese  steel  were  ordered  for  trial,  but  it  was  found  that  under  the  same 
conditions  the  manganese  steel  only  wore  50  per  cent  longer,  while  the  cost  was 
four  times  that  of  the  old  carbon  steel  elbows.  The  old  elbows  wore  out  only  in 
one  place,  so  that  it  was  believed  the  most  economical  proposition  would  be  to 
split  a  few  carbon  steel  elbows  with  reliable  backs,  and  use  reliners  consisting 
of  blocks  that  could  be  replaced  as  soon  as  worn  out,  as  shown  in  one  of  the 
photographs.  With  an  elbow  of  this  type  and  with  proper  inspection  there 
should  be  no  delays  in  concrete  work  of  this  character.  Ftfteen  45-deg.  elbows 
of  this  type  were  ordered  and  reliners  of  various  material,  including  cast  iron, 
least  steel,  manganese  steel  and  ferralun.  were  procured  for  trial.  Pure  rubber 
in  the  shape  of  old  sections  of  motor  truck  tires  was  tried,  but  could  not  be 
held  in  place  in  the  elbow.  The  most  economical  lining  was  found  to  be  cast 
iron,  though  ferralun  outlasted  all  the  other  materials. 

This  elbow  was  a  great  improvement  and  was  used  for  the  rest  of  the  job. 
It  gave  very  satisfactory  service,  though  after  being  relined  several  times  the 
block  reliners  had  a  tendency  to  blow  out  owing  to  wear  of  the  elbow  itself 
alongside  the  liners.  When  the  elbow  reached  this  stage  a  forged  reliner  in 
one  piece  was  put  in  to  fill  up  all  the  worn  spots.  This  type  of  elbow  has 
since  been  patented  and  considerably  improved. 

The  pipe  wear  was  considerable,  but  no  figures  are  available  as  to  the 
amount  actually  destroyed.  Most  of  the  wear  occurred  at  the  ends,  and  when 
a  length  was  worn  through  the  ends  were  cut  off  and  the  pipe  used  again  until 
entirely  worn  out.  The  reinforced  Dresser  joints  gave  satisfactory  service, 
but  there  were  occasional  blowouts  due  to  bad  plugs.  Where  the  end  of  the 
horizontal  pipe  connected  to  the  mixer  elbow  and  to  the  elbow  at  the  bottom 
of  the  vertical  pipe,  a  flange  was  screwed  on  the  pipe. 


i 
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The  compressor  plants  available  had  a  ci^acity  far  above  the  rated  require- 
ments for  the  mixers,  but  unfortunately  there  were  so  many  drills  and  pumps 
run  from  the  ^ame  air  line  that  it  was  impossible  to  tell  exactly  the  amount  of 
air  that  the  mixers  used.  The  quantity  was  above  I,100-cu.  ft.  per  minute, 
and  the  mixer  would  not  operate  without  danger  of  plugging  if  the  pressure 
dropped  below  70  lb. 

Output  of  Special  Car  Plant  with  Pneumatic  Mixer  Outfit  for  Lining  Rail* 
road  Tunnel. — A  car  concrete  plant  having  a  number  of  novel  features  was 
used  by  the  Carolina,  CUnchfield  &  Ohio  R.  R.  in  lining  the  7,804-ft.  single 
track  Sandy  Ridge  tunnel  near  Dante,  Va.  The  arrangement  was  described 
by  H.  B.  Kirkland,  president  Concrete  Mixing  &  Placing  Co.,  Chicago,  in  a 
paper  presented  before  the  Western  Society  of  Engineers.  The  matter  follow- 
ing taken  from  Mr.  Kirkland's  paper  is  given  in  Engineering  and  Contracting, 
May  5,  1918. 

The  car  is  40  ft.  long,  10  ft.  4H  in.  wide  near  the  braces  and  17  ft.  9  in.  from 
top  of  rail  to  top  of  car.  It  has  a  central  chamber  open  on  the  sides,  8K  ft. 
long,  9  ft.  8  in.  wide  and  10  ft.  3  in.  high,  in  which  on  one  side  is  located  the 
pneumatic  concrete  mixer  and  on  the  other  side  the  charging  skip.  Over  this 
chamber  is  a  water  tank  of  1,850  gal.  capacity,  which  furnishes  water  for  the 
concrete  and  is  also  connected  with  the  cooling  system  for  the  gasoline  engine. 
On  one  end  of  the  car,  facing  the  central  chamber,  is  a  stone  bin  of  30  cu.  yd. 
capacity.  Each  bin  has  a  chute  20  in.  wide  leading  to  the  charging  skip  and 
each  chute  is  controlled  by  an  under-cut  gate.  Under  the  stone  bin  is  a  space 
occupied  by  a  96-cu.  ft.  receiver,  standing  vertically,  and  the  storage  of  the 
cement  in  bags. 

Under  the  sand  bin  is  the  gasoline  engine  and  its  auxiliary  equipment,  com- 
pletely housed  from  water  and  dust.  The  charging  skip  in  its  lower  position 
stands  with  its  top  rim  about  1  ft.  "3  in.  above  the  floor  and  travels  on  inclined 
guide  rails  to  its  upper  position  over  the  mixer,  being  hoisted  by  a  compressed 
air  cylinder  9H  in.  in  diameter.  The  gate  of  the  skip  works  automatically 
by  means  of  a  guide  rail.  The  mixer  is  for  a  2-bag  batch  (0.4  cu.  yd.)  and  has 
an  8-in.  outlet  pipe  at  the  bottom  running  horizontally  and  curving  to  the 
outside  of  the  rear  truck  and  thence  vertically  to  near  the  top  of  the  car,  where 
it  branches  by  means  of  a  wye  into  two  lines,  one  a  180"  bend  to  the  rear  for 
"shooting"  into  foundations  and  sidewalks,  and  the  other  going  to  the  roOf 
for  "  shooting  "  into  the  arch.  The  wye  is  a  special  device  with  a  sliding  plate 
controUing  the  movement  of  material  into  either  arm.  The  arrangement  of 
the  pipe,  traveling  with  the  car  and  being  in  position  at  all  times  for  "shoot- 
ing" concrete,  results  in  a  material  saving  of  time  and  expense. 

Along  one  side  of  the  car,  level  with  the  main  floors,  is  a  folding  platform  2 
ft.  wide  used  by  the  men  carrying  cement  and  to  gain  access  to  the  engine 
room.  During  the  ordinary  work  of  the  car  this  platform  remains  down.  The 
arrangement  is  compact  and  arranged  with  a  view  to  save  manual  labor. 
One  man  controls  the  hoisting  of  the  skip,  the  injection  of  water  and  the  mix- 
ing and  discharge  of  the  batch.  One  raan  is  placed  at  each  chute  and  two 
men  carry,  open  and  empty  the  cement  bags. 

The  gasoline  engine  is  of  the  6-cylinder,  4-cycle  tee-head  type  and  is  rated 
200  hp.  at  350  r.p.m.  It  can  be  throttled  to  125  r.p.m.  The  motor  and  its 
frame  constitute  one  of  the  trucks  of  the  car.  The  cylinders  stand  in  a  row, 
at  right  angles  to  the  track  and  the  whole  construction  is  compact  but  accessii 
ble.  The  engine  is  started  by  admitting  compressed  air  into  three  cylinders, 
then  the  explosion  of  the  gasoline  takes  place  in  the  other  cylinders  and  con- 
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tinuBB  the  motion.  The  tranamlssion  is  by  meBiia  o(  a  Morse  chain  on  tli6 
driven  axle  (one  only  being  used)  and  the'controi  is  liitough  a,  triction  clutch 
of  spednl  cieslgn. 

Tlie  loiidiiig  and  storage  trestle  ia  so  arranged  that  the  concrete  car  goes 
under  it  and  recelvea  crusher-run  atone,  sand,  bag  cement  and  water  by  gravity. 

gates.  Cement  ia  conveyed  Into  t)ie  ear  by  a  chute.  Tlie  trestle  Iiaa  a  track 
over  Its  decli  upon  which  stone  and  sand  in  hopper  cars  are  stored  or  unloaded 
into  the  bins  below.  There  is  a  continuous  row  of  27  bins  with  an  aggregate 
capacity  of  324  en.  yd.  and  a  total  length  at  1R2  tt.,  and  fl  loaded  cars  can  be 
stored  over  tlieae  bins  to  give  an  additional  storage  capacity  of  200  cu.  yd. 


The  compressor  plant  was  exceptional  for  a  temporary  outfit.  To  sava 
money  on  foundation;;  and  at  the  same  time  to  Increase  the  space,  the  floor 
level  of  the  boilers  and  compressors  was  fixed  4H  ft.  above  sub-grade,  tbe 
concrete  foundations  and  walls  were  built  up  to  this  height  and  the  cellular 
apace  underneath  was  utilized  for  water  tanks  and  a^b  pit.  The  building  was 
built  of  1-ln.  boards  covered  with  tar  paper.  Tbe  arrangement  diosen 
permitted  coal  to  be  dumped  from  cars  on  the  trestle  to  a  pile  In  front  of  tbe 
boilers.  There  were  two  boilers,  both  locomotive  type,  one  new  one  rf  160 
hp.,  and  one  old  one  of  70  hp.  The  piping  connections  wore  such  that  eltbet 
one  could  be  cut  to  or  out  ol  service  lor  cleaalag  or  repairs.    Two  et 
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ft  Installed,  but  ail  extra  fDuiidatlon  for  another  unit  waa  provided,  for 
BsoDs  which  appear  elsewhere.  The  compreasor9  weie  Bhke  aod  of  the  Ing- 
soll-Rand  F.  R.  1.  Rogler  Tolve  class,  a,  high  speed,  single  stage  type  with  a 
Bom  cjllQder  12  In.  by  12  Id.,  aa  air  cjrllader  12  in.  by  14  in.,  a  piston  dia- 
acement  at  260  r.p.m.  equal  to  528  cu.  tt.,  on  actual  ou^iut  oC  about  375 
This  worked  imdet  135  lb.  sletuu  pressure 


in  through  tunnel  and  ci 


to  a  ISO-cu,  ft.  ail  receiver,  from  which  a  4-iD.  pipe  line  led  on  a  steady  0.£ 
per  cent  dowD  grade  entirely  through  tbe  tunnel.  At  the  lower  end  was  a  pet 
cock  to  draw  off  any  water.  In  order  to  provide  for  eipaiision  and  contreo- 
tion,  the  pipe  hoe  was  laid  alternately  on  the  east  and  west  sides  of  the  track 
In  teneths  of  about  1.000  ft.,  connected  by  curves  of  2  ft.  radius.  The  bottom 
of  tbe  pipe  was  at  the  level  of  the  bottom  of  the  ties  and  1  ft.  out  Iiom  their 
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end.  About  every  100  ft.  a  long  radius  tee  was  placed  and  about  20  mine 
cocks  of  4-in.  size  were  provided ;  these  could  be  shifted  to  the  various  tees  as 
t^e  progress  of  the  work  demanded.  From  the  mine  cock  a  3-in.  hose  60-ft. 
long  connects  with  the  96  cu.  ft.  air  receiver  on  the  car  which  can  thus  be 
connected  to  the  4-in.  pipe  line  from  any  position  in  the  tunnel. 

Several  runs  of  180  cu.  yd.  per  day  and  one  run  of  201  cu.  yd.  were  made. 
The  work  consisted  of  putting  in  the  f oimdation  and  the  initial  lift  of  bench 
wall  4  ft.  4  in.  high,  which  involved  moving  the  car  more  than  was  necessary 
when  "shooting"  into  the  arch  form. 

Another  feature  of  this  plant  is  the  short  pipe  through  which  the  charge 
moved.  The  pipe  is  41  ft.  long  to  the  chute  on  the  front  of  the  car  and  the 
mixture  is  good,  using  a  M-yd.  machine.  .  The  difficult  problem  on  a  car  like 
this  is  to  design  the  plant  so  as  to  charge  the  mixer  fast  enough  to  work  to  its 
capacity.  The  mixer  can  shoot  a  batch  every  15  seconds  if  enough  air  is 
furnished  and  the  charges  can  be  placed  in  the  machine  fast  enough.  The 
time  records  on  the  work  of  this  car  are  as  follows: 

Aug.  17,  1915,  423  batches  in  381  min.,  average  54. 0  sec.  per  batch. 
Aug.  18,  1915,  323  batches  in  302  min.,  average  56. 1  sec.  per  batch. 
Aug.  19,  1915,  448  batches  in  340  min.,  average  45. 5  sec.  per  batch. 
Aiig.  20,  1915,  325  batches  in  250  min.,  average  46. 1  sec.  per  batch. 
Aug.  21,  1915,  309  batches  in  309  min.,  average  54. 3  sec.  per  batch. 

The  variation  is  due  to  the  condition  of  the  material,  whether  wet  or  dry, 
which  affects  the  rapidity  with  which  it  flows  in  the  chutes  and  skip.  It  is 
believed  that  the  operation  can  be  speeded  up  to  an  average  of  about  35  to  40 
seconds  per  batch  with'  dry  material.  One  should  observe  that  the  door  of 
the  skip  automatically  opens  as  the  skip  reaches  the  position  and  closes  as  it  is 
lowered  away ;  also  that  the  door  serves  as  a  chute  while  open  and  that  the  side 
slopes  are  steep  and  imbroken,  so  that  the  sldp  clears  quickly.  The  material 
when  damp  has  a  decided  tendency  to  ardi  either  vertically  or  horizontally, 
and  frequently  this  arch  must  be  broken  by  hand.  The  hoisting  of  the  sldp, 
the  placing  of  the  water  and  the  discharge  of  the  batch  are  all  controlled  by 
one  operator.  The  inside  of  the  car  was  lighted  by  carbide  lights  and  the 
outside  work  by  hand  torches  and  carbide  lights. 

Organization  and  Output  in  Lining  Diana  Tunnel  of  the  L.  &.  N.  R.  R. 
with  Pneumatic  Mixer. — The  following  extract,  of  a  paper  by  H.  B.  Kirkland 
presented  before  the  Western  Society  of  Engineers,  is  taken  from  Engineering 
and  Contracting,  May  16,  1918. 

The  tunnel  is  1,520  ft.  in  length,  29  ft.  wide  and  25  ft.  high.  It  is  in  lime- 
stone and  shale  formation  and  has  a  lining  2  ft.  thick.  The  pneumatic  mixer 
with  storage  bins  and  measuring  hopiiev,  etc.,  was  first  placed  on  the  south 
end  of  the  tunnel.  One  set  of  Blaw  traveUng  forms  was  started  at  the  south 
portal  and  the  second  set  was  started  400  ft.  in  the  tunnel.  These  forms  pro- 
gressed away  from  the  mixer  until  the  first  form  had  reached  the  work  started 
by  the  second  form  and  the  second  form  had  reached  approximately  the  center 
of  the  tunneL  Then  the  mixer  was  moved  from  the  south  end  of  the  tunnel  to 
the  north  end  and  the  forms  moved  up  so  that  the  first  form  would  start  at 
the  center  of  the  tunnel  and  the  second  form  half  way  between  that  point  and 
the  end  of  the  tunnel.  The  forms  then  progressed  toward  the  mixer  until  the 
timnel  was  completed. 

The  compressor  plant  consisted  of  two  Ingersoll-Itand  steam-driven  com- 
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pressors,  which  delivered  about  960  ft.  of  free  air  per  minute  at  the  mixing 
plant. 

At  the  beginning  of  the  work  the  engineers  permitted  the  moving  of  the 
forms  after  6  days,  but  after  a  time  this  period  was  reduced  to  4  days.  In  all 
there  were  41  form  sections,  each  of  approximately  35  ft.  and  containing 
about  250  cu.  yd.  in  each  section.  The  longest  distance  which  concrete  was 
transported  was  925  ft.  and  the  average  distance  was  about  400  ft.  The  aver- 
age time  required  to  concrete  one  35-f  t.  section  was  approximately  24  hours, 
although  some  forms  were  filled  in  15  hours.  The  men  required  to  mix  and 
place  the  concrete  were  as  follows: 


3  men  in  the  bins. 

1  man  operating  the  gate  levers. 

1  man  to  level  off  the  measuring  hopper  containing  the  batch. 

1  man  on  cement. 

1  mixer  operator. 

1  man  on  the  conveyor  pipe. 

1  man  attending  to  the  bulkheads. 

1  foreman  and  4  men  helping  in  the  forms. 


A  gang  of  10  men  was  employed  constructing  footings  and  moving  and 
setting  the  forms. 

Pneumatic  Concreting  Stockton  Street  Tunnel,  San  Francisco. — Engineer- 
ing Record,  July  4,  1914,  gives  the  following: 

The  mixing  plant  is  located  in  the  open  cut  near  the  south  portal  of  the  tun- 
nel. Sand  and  stone  are  supplied  by  gravity  from  the  material  bins.  The 
concrete  placing  machine  is  located  about  8  ft.  from  the  mixer,  and  each  batch 
is  dumped  from  the  mixer  into  a  steel  trough  leading  to  the  opening  in  the  top 
of  the  dnun.  The  compressor  plant,  situated  about  midway  between  the  two 
portals,  has  a  capacity  of  1,250  cu.  ft.  of  free  air  per  minute  at  a  pressure  of 
115  lbs.,  and  is  driven  by  a  200-hp.  motor. 

A  4-in.  pipe  was  first  tried  on  the  discharge  line,  and  then  a  6-in.  pipe  but 
both  proved  unsatisfactory.  The  present  8-in.  pipe  has  proved  entirely  ample 
in  size. 

Costs  of  transporting  the  concrete  by  the  pneumatic  method  are  made  up 
chiefly  as  follows: 

1.  Cost  of  compressor  and  plant  (installation  as  well  as  operation),  includ- 
ing power  and  air  Unes. 

2.  Installation  of  pneimiatic  machine  and  discharge  pipe,  and  wear  and 
tear.  The  rapidly  moving  gravel  and  t-ock  scour  the  pipe  rapidly,  especially 
at  bends.  The  minimum  bends  on  this  job  have  3-ft.  radius,  and  some  have 
been  worn  out  in  two  days.  A  more  durable  metal,  as  manganese  steel,  is 
considered  best  for  these  sharper  bends. 

3.  Royalty  on  use  of  system. 

The  material  travels  through  the  discharge  pipe  at  an  estimated  velocity 
varying  from  3  to  8  ft.  per  second.  The  impact  of  the  discharging  concrete 
mass  against  fresh  concrete  or  against  the  steel  reinforcement  was  found  to 
erode  the  concrete  rapidly  and  to  displace  the  reinforcing  steel.  To  remedy 
this  trouble  the  pipe  was  raised  so  that  the  discharge  end  is  about  1  ft. 
above  the  tunnel  arch.  The  concrete  then  drops  without  damage  into  the 
forms  at  the  crown  and  then  runs  downward  on  either  side  to  fill  up  the  arch 
ring. 
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Opbkatino  Fobck  Rbquibxd 

1  Man  operating  gate  on  chute  from  rock  bin. 

1  Man  operating  gate  on  chute  from  sand  bin. 

2  Cement  men. 

1  Mixer  operator. 

1  Man  at  pneumatic  machine. 

2  Concrete  tampers  inside  tunnel. 

1  Concrete  foreman,  who  also  watches  the  pipe  line  to  guard 
against  clogging. 

1  Man  operating  the  air  compressor. 

2  Labtorers  in  the  dump&g  pJatf cn-m  above  the  mat^ial  Inns. 

The  total  concrete  crew  required  is  as  shown  above.  Under  the  most 
favorable  conditions,  a  batcdi  of  16  cu.  ft.  can  be  mixed  and  placed  in  a  minute. 
A  rate  of  forty  batches  per  hour  or  about  190  cu.  yd.  per  &-br.  day  is  a  fair 
average  when  running  steadily. 

Relining  Brick  Lined  Tunnel  with  Steam  Jetted  Concrete. — ^The  bride 
lining  of  the  Chicago  Great  Western  single  track  R.  R.  tunnel  2,600  ft.  long 
at  Winston,  111.  was  badly  disintegrated  by  the  action  of  water,  coal  gases  and 
by  freezing  caused  by  the  cold  air  forced  into  the  tunnel  by  a  Diesel  engine 
driven  ventilating  fan.  Harold  P.  Brown  describes  the  situation,  his  recom- 
mendations and  the  work  done  in  a  paper,  read  at  the  Feb.,  1916  meeting  of  the 
American  Concrete  Institute,  and  published  in  Engineering  and  Contracting, 
Feb.  23,  1916,  from  which  the  following  is  taken. 

About  a  year  ago  the  writer  was  called  upon  to  examine  the  tunnel  and  sug- 
gest a  method  of  relining  which  would  meet  the  very  difficult  and  unusual 
conditions.  It  was  evident  that  the  foundation  was  in  satisfactory  shape  and 
that  the  side  walls  were  but  little  injured.  The  roof,  however,  was  in  danger- 
ous condition  and  required  a  lining  which  would  take  its  proper  share  of  the 
load. 

My  report  advised  a  slight  towering  of  the  track  level;  the  drilling  of  a  large 
number  of  weep  holes  3  in.  in  diameter;  the  washing  out  of  the  clay  between 
the  upper  brick  and  the  old  timber  lining  and  filling  the  space  with  grout  imder 
pressure,  and  the  removal  of  the  cracked  bricks.  These  should  at  once  be 
replaced  by  an  adhering  layer  of  steam-jetted  concrete,  sufficiently  reinforced, 
if  necessary,  to  take  its  share  of  the  load  and  continued  2  in.  below  the  old 
surface. 

In  August,  1915,  a  work  train  was  equipped  for  the  job.  The  engine  was 
provided  with  an  extra  air  compressor,  a  steam  pump  and  a  dynamo  for  elec- 
tric lighting.  A  pressure  reducing  valve  set  at  90  lb.  was  connected  from  an 
extry  heavy  nipple  on  the  dome  and  a  2-in.  steam  connection  carried  with 
Franklin  ball  and  socket  joints  and  suitable  couplings  to  a  flat  car  on  which 
was  placed  the  concrete  atomizer.  The  same  car  carried  the  cement,  sand  and 
gravel.  As  it  would  be  difficult  to  control  by  hand  a  nozzle  for  jetting  the 
concrete  on  to  the  roof,  I  designed  for  this  purpose  a  nozzle  car  and  trowelling 
machine  which  would  place  the  concrete,  would  indicate  the  depth  applied 
and  would  trowel  or  finish  the  final  layer.  The  second  flat  car  in  the  train 
carried  this  machine  which  was  mounted  on  a  platform  capable  of  vertical  or 
lateral  adjustment,  so  that  it  could  be  made  to  swing  from  center  line  of  arch. 
The  nozzle  was  secured  to  a  shaft  mounted  on  suitable  journals  and  was  moved 
from  side  to  side  by  a  reversible  two-cylinder  steam  engine.  The  same  shaft 
carried  the  distance  indicator  and  the  trowelling  devices.  The  nozzle  car 
was  moimted  on  wheels  nmning  on  channel  irons  and  could  be  moved  back 
and  forth  10  ft.  by  means  of  a  stationary  windlass.  Steam  connections  to  the 
'engine  and  to  the  nozzle  were  made  by  means  of  suspended  lengths  ol  wire 
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protected  rubber  hose.  Beyond  the  second  flat  car  was  a  box  car  provided 
with  a  railed  platform  on  the  roof.  Here  three  men  operated  a  water  jet  to 
clean  the  soot  and  dirt  from  the  walls,  and  light  pneumatic  hammers  for 
removing  the  defective  brick.  A  signal  whistle  mounted  on  the  engine  which 
could  be  sounded  from  any  part  of  the  train  was  used  to  control  the  flow  of  air, 
water,  steam  and  concrete.  Two  acetylene  headl^hts  as  well  as  a  number  of 
incandescent  lamps  were  used  for  general  illumination. 

When  the  work  was  started  on  Sept.  4,  I  found  that  the  pneumatic  drills 
provided  were  not  heavy  enough  to  penetrate  the  brickwork  for  the  necessary 
3-in.  weep  holes.  Rather  than  delay  until  the  proper  drills  could  be  obtained, 
I  started  operations  at  the  eastern  portal  wh^e  water  was  pouring  in  streams 
through  the  roof.  A  mixtiue  of  1  part  cement,  3  parts  of  sand  and  2  parts  of 
pebbles  were  used  with  10  per  cent  of  water.  These  were  mixed  in  the  concrete 
atomizer  at  90  lb.  pressure,  with  the  superheat  obtained  by  dropping  from 
engine  working  pressure  through  reducing  valve.  The  concrete  was  carried 
through  2-in.  hose  and  shot  on  to  the  brick  by  a  steam  jet.  Although  the 
pebbles  at  first  dropped  away,  they  nevertheless  forced  the  mortar  into  all  the 
interstices  of  the  brickwork  and  checked  the  flow  of  water.  But  very  little 
material  bounded  off  and  this  was  collected  and  used. 

Before  shooting  a  load,  steam  was  jetted  through  the  nozzle  to  complete 
the  cleaning  of  the  brickwork  and  heat  it  to  the  temperature  of  the  concrete. 
In  some  places  a  layer  of  concrete  7  in.  thick  was  jetted  on  to  the  roof  and  it 
set  up  so  quickly  that  the  work  train  could  be  immediately  followed  by  an  east 
bound  freight  without  trouble  from  the  engine  exhaust. 

In  the  final  layer  lime  hydrate  was  added  and  the  pebbles  were  omitted. 
The  proportions  were  1  part  of  hydrate  to  10  parts  of  cement  and  30  parts  of 
sand.  This  gave  a  smooth  flowing  mixture  uid  delayed  the  setting  so  that 
when  the  steam  jet  from  the  nozzle  car  was  passed  over  the  surface  a  second 
time  without  concrete,  a  smooth  finish  was  obtained  and  trowelling  was 
unnecessary. 

The  work  was  in  charge  of  my  superintendent  while  the  men  composing  the 
crew  were  employes  of  the  railway.  Three  men  cleaned  the  roof,  one  man 
operated  the  nozzle  car,  one  worked  the  windlass,  one  ran  the  atomizer  and 
two  men  measured  and  loaded  the  materials.  The  improved  machine  is 
arranged  so  that  but  one  man  is  needed  to  work  the  nozzle  car  and  the  wind- 
lass. It  required  about  5  minutes  for  the  gang  to  clean  10  ft.  of  roof,  load  the 
atomizer,  steam  the  roof  and  treat  and  apply  the  load.  As  it  was  important 
not  to  interfere  with  train  service  upon  a  double  track  road  through  a  single 
track  tunnel,  only  about  6  working  hours  per  day  were  available  in  the  tunnel. 
An  average  of  262  ft.  of  lining  12  ft.  wide  and  3  to  4  in.  thick  was  applied  in 
6  hours,  using  35  bags  of  cement.  The  concrete  was  found  to  be  so  strong  that 
no  reinforcement  was  needed,  nor  was  it  necessary  to  fill  with  grout  the  space 
above  the  arch.  The  work  was  finished  in  41  days,  and  C.  G.  Delo,  Chief 
Engineer,  pronoimced  it  entirely  satisfactory. 

€ost  Data  on  Lining  Two  Tunnels,  One  with  Brick  and  One  with  Concrete 
and  Brick. — In  Engineering  and  Contracting,  Jan.  14,  1914,  George  Harper 
publishes  the  accompanying  data  which  give  the  cost  of  lining  two  tunnels, 
exclusive  of  the  portals.  The  figures  for  the  West  Virginia  tunnel  are  for 
brick  arching  and  packing  alone.  On  the  Pennsylvania  tunnel  the  entire 
lining  from  footings  up  is  concrete  exclusive  of  one  course  of  fire  brick  lining 
in  arch  area  alTected  by  gas  and  smoke.  This  single  course  lining  W9(S.  tied 
into  the  co&cnte  with  headers  every  fourth  course. 
89 
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The  West  Virginia  work  was  put  up  by  tlioroughly  experienced  tunnel 
contractors,  whose  system,  organization  and  general  methods  were  of  the 
best  and  had  been  evolved  from  the  result  of  years  of  experience.  The  woric 
on  the  tunnel  in  Pennsylvania  was  done  by  another  firm  with  not  so  much 
experience  in  this  line  of  work,  and  whose  methods  were  somewhat  more 
expensive,  cumbersome  and  inexperienced.  The  costs  are  from  private  notes 
and  from  close  contact  with  both  of  these  undertakings.  The  brick  lining 
cost  in  the  tunnel  in  West  Virginia  is  $26.15  per  lin.  ft.,  for  the  arching  and 
packing,  and  with  the  concrete  walls  and  footings  added  it  will  i^yproxiniate  in 
all  about  $40.15  per  lin.  ft. 

West  Virginia  Tunnel. — The  length  of  this  tunnel  is  4,211  ft.  The  timnel 
width  is  31  ft.  The  radius  of  the  arch  is  15  ft.  6  ins.  The  arch  consists  of 
five  rings  of  brick  laid  up  in  five  courses  with  1  to  3  mortar.  An  individual 
brick  measured  3  X  4*  x  9  ins.  The  bricklayers  worked  167  shifts.  Only 
one  shift  was  worked  by  others  than  bricklayers.  The  time  lost  due  to  mov- 
ing, delays,  etc.,  amounted  to  28  shifts.  The  number  of  shifts  as  calendar 
days  amounted  to  196.  The  average  l^igth  of  tunnel  lined  per  shift  for  the 
168  shifts  of  actual  working  time  was  25  ft.  The  timnel  lining  was  carried  on 
simultaneously  at  different  points  along  the  length  of  the  tunnel  and  for  this 
reason  four  closures  were  made.  For  each  lin.  ft.  of  arch  1,227  bricks  were 
required,  making  in  all  5,166,897  bricks  in  the  arch.  In  each  spandrel  wall, 
spacing  5  ft.  4  ins.,  there  were  1,564  bricks;  156,400  bricks  in  all  were  used  for 
the  spuidrel  walls.  For  extra  work  including  portals,  bad  ground,  etc., 
31,825  bricks  were  used.  The  number  of  culls,  bats,  etc.,  amounting  to  ^ 
of  1  per  cent,  were  40,878,  making  the  total  number  of  bricks  used  for  the 
lining  5,396,000.  The  packing  averaged  2  cu.  yds.  and  4  cu.  ft.  to  each  lineal 
foot  of  tunnel.  The  cost  data  on  the  West  Virginia  work  are  given  in  Tables 
VII  to  X,  inclusive.  The  cost  data  on  the  Pennsylvania  tunnel  are  given  in 
Tables  XI  to  XIV,  inclusive.  The  former  work  was  done  in  1911  and  1912, 
while  the  latter  was  done  in  1912,  from  July  to  December. 


Tablb  VII. — Cost  op  Brick  Arch  Tunnel  Lining  (4,211  Lin.  Ft.)  in  Wkst 

Virginia  Tunnel 


Bricklasdng 

Moving  centers 

Lagging 

Packing 

Key 

Material,  delivery  from  west  portal 

Air  service  and  pipe  line 

Center  erection  and  dismantling 

Mixer,  erection,  etc 

Tracks  and  switches 

Lighting,  oil,  etc 

Timekeeper,  office  and  plant 

Brick  (5,396,000) 

Cement  (6,600  bbls.) 

Sand  (3,500  cu.  yds.) 

Packing  stone  (9,050  cu.  yds.) 

Extra  brick  (portal  and  bad  ground) 

Total  cost $110,476       $26,21 


Total 

Total 

Cost  per 
lin.  ft 

shifts 

cost 

7,392 

$  20,580 

$  4.84 

672 

1,806 

0.43 

504 

1,176 

0.26 

2,520 

4,410 

•  1.06 

840 

1,075 

0.26 

1.176 

3,570 

0.85 

168 

6.093 

1.45 

168 

3.000 

0.71 

168 

600 

0.14 

168 

590 

0.12 

168 

1.600 

0.38 

168 

2.430 

0.55 

168 

44,517 

10.57 

168 

9,240 

2.20 

168 

2,800 

0.66 

168 

6,787 

1.61 

•  •  •  < 

292 

0.07 
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Tablb  VIII. — Cost  por  4,211  Ft.  op  Bbick  Abchino  in  Wkst  Viboinia  Tunnbl 
(168  shifts  were  worked  advancing  25  ft.  per  shift) 

Labor  cost  i;>er 

Rate  lin.  ft. 

1  General  foreman $6. 00  $0. 25 

1  Foreman  bricklayer 9. 00  0. 36 

4  Bricklayers 8. 00  1. 29 

1  Labor  foreman 4. 00  0..  16 

6  Mortar  tenders 2. 25  0. 45 

1  Mortar  mixer 2. 25  0. 09 

3  Mortar  laborers 2. 00  0. 24 

1  Mortar  box 2. 00  0. 08 

3  Mortar  laborers 2. 00  0. 27 

1  Mortar  mule  and  driver 3.  50  0. 14 

1  Mortar  hoister  and  runner 2. 00  0. 08 

20  Brick  laborers 1.75  1.37 

1  Water  boy 1. 75  0. 07 

1  Light  and  lamp  tenders 1. 76  0.07 

44  men  $4 .  84 

Total 

Moving  centers: 

1  Foreman  carpenter $4. 00  $0. 16 

3  Laborers 2.25  0.27 

Total $0.43 

Lagging: 

1  Carpenter $3.00  $0.11 

2  Laborers 2.00  0.15 

Total $0.26 

Packing: 

15  Laborers $1. 75  $1. 06 

Key: 

1  Bricklayer $4. 00  $0. 16 

4  Laborers .60  0. 10 

Total $0.26 

Tablb  IX. — Miscbllaneous  Cost  Data  on  Wbst  Yxboinia  Tunnbl 

Cost  per  lin. 

Materia],  delivery  from  W.  portal  to  work                     Rate  ft. 

2  Dinkeys $         6. 00  $0. 40 

2  Dinkey  engineers 2.  75  0.  22 

2  Dinkey  brakemen 2. 00  0. 16 

1  Dinkey  watchmen 1.  76  0.  7 

$0785 
Air  service: 

Hoisting,  mixing,  etc 36.  32  $1 .  45 

Center  erection  and  dismantling 1 ,000. 00  0.  71 

Mixer  erection  and  moving 200. 00  0. 14 

Tracks  and  switches: 

Propn.  charges 500. 00  0. 12 

Lighting  and  oils: 

9,000  gals,  gasoline  at  17  cts .17  0.36 

200  gals,  kerosene .15  0.  01 

400  gals,  blackoil  (centers) .10  0.01 

Interest  on  plant,  etc. : 

Arbitrary 750.00  0.18 

Propn.  timekeeper  and  oflBce 10 .00  0 .38 

Table  X. — Cost  op  Material  por  Arch  and  Packing  op  West  Virginia 

Tunnel,  F.  O.  B.  Portal 

Cost  per 

Rate  lin.  ft. 

Brick  (5,396,000  M.) $8. 25  $10.  67 

Cement  (6,600  bbls.) 1.40  2.20 

Sand  (3,500  cu.  yds. ) 80  0.  66 

Packing  stone  (9,050  ou.  yds.) 75  1.61 

$26.14 
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Table  XII. — Cost  op  Pennsylvania  Tunnel  Lining,  Concrete  Walls  and 
Arching,  for  Engines,  Cars  and  Labor  Only 


(4,000  Un.  ft.) 


o 
Walls,  bricklaying  and  arching  *^ 

o  o 


I 


S8  2 

Sg  2  S 

•1  -^^  "3 


^    S*^  M    ««    ^  W  U 


Arching— bricklayers 1  39  $1. 00  $0. 98 

Foremen 1  39  .40  0. 39 

Labor 10  •  390  .20  1. 95 

Carpenters 1  39  .35  0. 34 

Walls— foreman,  ppn K  39  .40  0. 20 

Labor 6  234  .20  1.17 

Bulkhead  carpenter. 1  39  .35  0. 34 

Forms — foreman,  ppn l^  39  .40  0. 20 

Labor,  ppn 2  78  .25  0.49 

Walls  and  arching: 

Hoister  runner 1  39  .25  0. 24 

Dinkey  engines 3  117  .50  1. 46 

Dinkey  engineers 3  117  .  27H  0. 80 

Dinkey  brakemen 117  .20  0. 58 

Cement  and  brick  cars 351  .04  0. 35 


$9.49 


Table  XIII. — Cost  op  Pennsylvania  Tunnel  Lining  por  Material,  Plant, 

Lighting  and  Overhead  Charges 

(4,000  lin.  ft.) 

Cost  per  Cost  per 

Estimated  costs                                                                          cu.  yd.  lin.  tt. 

Cement,  sand,  gravel  and  stone $2. 9258  $20. 48 

Brick,  900  M 0.  3750  2.  63 

Blaw  forms 0.  3214  2. 25 

Blaw  forms,  erection  and  dismantling  (4) 0. 2760  1. 93 

Plant  E.  portal,  boilers,  machy.,  storage  bins  W.  H.,  etc., 

erection  and  dismantling 0.  5357  3.  76 

Electric  and  gasoline  lighting 0. 1690  1. 18 

Superintendence,  5}4  months 0. 0536  0. 38 

Office,  etc.,  6M  months 0. 1236  0. 87 

Air  and  pii>e  lines,  $50  per  day  for  173  days 0. 3089  2. 16 

Tracks,  switches,  etc 0. 0535  0.  37 

Interest  and  incidentals  (estimated) 0. 0693  0.  62 

Stock,  cement,  etc.,  mixer  and  labor 0.  8384  5. 87 

Walls  and  arching,  labor  and  machinery 1. 3551  9. 49 

8,000  lin.  ft.  footings 0.  3173  2. 22 

Total  cost $7.  7420  $54. 20 
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1  tunnet,  Detrcdt  River. 


rising  a,  subaqueous  section  2.6fiS  tt.  long, 
t.  long,  Including  1,S10.5  Ft,  oF  open  cut 
.2Ft.  long,  including 2,900 /t. 


R.  R.  l9  a  twin  tube  atrui 
a  westerly  approach  tun. 
approach,  and  an  easterly  approach  ti 

Fig.  1 1  gives,  at  a  glaoce,  the  gEneial  type  of  construction. 

According  to  W.  8.  Kinnear,  (Proc.  Am.  Sue.  C.  B.,  Vol,,  XXXVII)  E[«i- 
neering  and  Contracting.  Sept  27,  ISII,  the  tBt«  oF  progress  ot  excavattOD  at 
Windsor,  with  the  alilelds  and  In  the  drlFts.  under  tavoiable  Candltlona,  was 
^>out  the  same  as  at  Detroit,  being  approximately  10  tt.  per  day  oF  24  bouis 
with  the  shields  and  12  tt.  pei  day  in  the  drlFts.  Ttie  maximum  distance 
covered  by  one  ot  the  stiields  in  a  single  day  was  19  tt.  10  loa. 
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The  cost  of  excavating  in  drifts  without  compressed  air  averaged  about 
$2.40  per  cu.  yd.  under  favorable  conditions;  with  compressed  air,  the  cost 
was  about  $3.50  per  cu.  yd.,  except  for  the  work  near  old  Shaft  No.  1,  where 
the  cost  ran  as  high  as  $16  per  cu.  yd.  With  the  shields,  the  fair  average  cost 
was  $4.90  per  cu.  yd.  These  costs  include  timbering,  compressed  air,  and 
incidentals.  The  cost  of  the  compressor  plant  for  suppljring  air  to  two  side- 
shield  headings  and  two  center-wall  headings  was  a  trifle  more  than  $80  per 
day. 

Concrete. — In  the  easterly  approach  tunnel  the  concrete  was  placed  in  the 
same  manner  as  for  the  westerly  approach,  except  that  all  concrete  was  de- 
livered in  dump-cars  in  the  tunnel.  Arches  were  filled  by  shoveling  the  con- 
crete into  the  form  from  the  end,  as  the  form  for  a  12-ft.  section  was  set  up 
complete  before  concreting  was  started.  Concrete  for  the  center  wall,  back 
of  the  center  shield,  was  delivered  in  cars  up  to  a  level  just  below  the  water- 
proofing course,  and  above  that  through  chute  holes  put  down  from  the  sur- 
face at  intervals  of  about  30  ft.  All  concrete  for  the  portion  of  the  center 
wall  built  under  compressed  air  was  delivered  in  the  drifts  in  cars,  as  pre- 
viously stated.  The  average  cost  of  the  1:2:4  concrete  was  about  $8.25  per 
cu.  yd.  in  the  side-shield  headings^  and  a  little  more  than  $6  per  cu.  yd.  in  the 
center  wall,  where  it  was  deposited  through  chutes;  in  the  drifts,  imder 
fompressed  air,  the  cost  was  about  $10.70  per  cu.  yd. 

Cost  of  Concrete  and  Brick  Linings  of  the  Land  Sections  of  the  Hudson 
River  Tunnels  of  the  Pennsylvania  Railroad. — The  following  matter,  pub- 
lished in  Engineering  and  Contracting.  May  4.  1010,  is  extracted  from  a  paper 
by  B.  H.  M.  Hewett  and  W.  L.  Brown,  Proceedings  A.  S.  C.  E.,  Vol.  XXXVI. 

The  land  tunnels  of  the  North  River  Tunnels  of  the  Pennsylvania  R.  R.  at 
New  York  city  consist  of  1,207  lin,  ft.  of  double  tunnel,  977  ft.  on  the  New 
York  side  and  230  ft.  on  the  New  Jersey  side. 

The  general  design  of  the  cross-section  consists  of  a  semi-circular  arch, 
vertical  side-walls  and  a  fiat  invert,  as  shown  in  diagram  by  Fig.  1.  The  tun- 
nel is  adapted  for  two  lines  of  track,  each  being  contained  in  its  compartment 
or  tunnel.  The  span  of  the  arch  is  wider  than  is  absolutely  necessary  to  take 
the  rolling  stock,  and  the  extra  space  is  utilized  by  the  provision  of  a  sidewalk 
or  "  bench"  forming  by  its  upper  surface  a  gangway,  out  of  the  way  of  traffic, 
for  persons  walking  in  the  tunnels,  while  embedded  in  its  masss  are  a  number 
of  vitrified  earthenware  ducts,  for  high  and  low-tension  electric  cables.  The 
provision  of  this  bench  enables  its  vertical  wall  to  be  brought  much  nearer  to 
the  side  of  the  rolling  stock  than  is  usually  possible,  thus  minimizing  the  effects 
of  a  derailment  or  other  accident.  Refuge  niches  for  trackmen,  and  ladders 
to  the  top  of  the  bench,  are  provided  at  frequent  intervals.  In  cases  where  a 
narrow  street  limits  the  width  of  the  structure,  as  on  the  New  York  side,  the 
two  tunnels  are  separated  by  a  medial  wall  of  masonry,  thus  involving  excava- 
tion over  the  entire  width  of  both  tunnels,  and  in  such  case  the  tunnels  are 
spoken  of  as  "  Twin  Tunnels; "  where  the  exigencies  of  width  are  not  so  severe, 
the  two  tunnels  are  entirely  distinct,  and  are  separated  by  a  wall  of  rock.  This 
type  is  f  oimd  on  the  Weehawken  side.  The  arches  are  of  brick,  the  remainder 
of  the  tunnel  lining  being  of  concrete. 

The  gener^  sequence  of  building  the  masonry  lining  is  shown  in  Fig.  12. 
The  operations  were  as  follows: 

1.  Lajring  concrete  for  the  whole  height  of  the  sand-walls,  and  for  the 
floor  and  foundations  for  walls  and  benches  up  to  the  level  of  the  base  of  the 
conduits. 
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^T^^^  ^bgrad  side-walls,  and,  where  there  was  a  middle  trench 

I     •  °Uilding  Con     ^^^^ts,  laying  and  water-proofing  these  conduits. 
'         k  ^ddle  tten  JT^  ^*^  '°^  conduits  to  be  laid  against,  and  where  there 
'to  *'l^yin»  oft>^ .   .  •  filling  up  with  concrete  between  the  conduits. 

,  _■,',     ^^ding^^^*®  '®^  benches  and  middle-wall. 
**]_^  J    ^uildiuu  ?*?*^^^  'rom  top  of  bench  to  springing  of  brick  arch. 
'  ^    *  Finiahj!?   J^^  ^'ch  and  part  of  concrete  back-filling. 

-  •    kwork  x^^^^  ^''^  ^  generally  described  under  the  headings  of  Concrete, 
**^  <>ncrcf«LlT^^'^^^°fi°^  ^^  Electric  Conduits. 

-  '•  ;lng  of  t>>^^  number  of  types  and  the  obstructions  caused  by  the  heavy 
-  •*'•'  Manh  ♦      *^bering  made  it  inadvisable  to  use  built-up  traveling  forms  at 

--"^^  "he  fi  ^^^^^^^^'■^liough  they  were  used  in  the  Weehawken  Rock  Tunnels. 

"    ^  inst  ^^    ^^*®iis  required  a  facing  mixture  of  mortar  to  be  deposited 

ins     \       ^^^^^^  simultaneously  with  the  placing  of  the  concrete.    This 

**  "»*  iCrt»t^*^^  ^^  ^^*  about  2  ins.  thick,  and  was  kept  separate  from  the 

"  '-  2^  during  the  placing  by  a  steel  diaphragm.    The  diaphragm  was 

'-'^^'Vj.  ^^  when  the  concrete  reached  the  top  of  each  successive  layer,  and  the 

-C***'  '^^  fixture  and  concrete  were  then  tamped  down  together.    This  method 

I     ,,y^      at  first  followed  and  gave  good  results,  which  was  indeed  a  foregone  con- 

I  _  ^ !      ^*  3*  the  Weehawken  shaft  had  been  built  in  this  way.    However,  it  was 

'  ***  'fh     ^^*  ^^  good  results,  in  the  way  of  smooth  finish,  were  to  be  obtained 

.  -  *^^  tnout  the  facing  mixture  by  spading  the  concrete  back  from  the  forms,  so 

^*  At  the  stone  was  forced  back  and  the  finer  portion  of  the  mixture  came 

"^  ^      ^  ^^®  forms;  this  method  was  followed  for  the  rest  of  the  work.    All 

>mer8  were  rounded  ofif  on  a  1-in.  radius  by  moldings  tacked  to  the  forms. 

^^:5n\   ?^®  'onns  were  used  about  four  times,  and  were  carefully  scraped,  planed, 

i  "^  *t  open  joints  and  oiled  with  soap  grease  each  time  they  were  set  up. 

4   rhen  too  rough  for  face  work  they  were  used  for  sand-wall  and  other  rough 

5   rork. 

1:^        '^e  mixing  was  done  by  a  No.  4  Ransome  mixer,  driven  by  30-hp.  electric 

'l^  *'notors.     The  mixer  at  Manhattan  was  set  on  an  elevated  platform  at  the 

^  ;   lOTth  end  of  the  intercepting  arch;  that  at  Weehawken  was  placed  at  the 

?, .    fcntrance  to  the  tunnels.    The  sand  and  stone  were  stored  in  bins  above  the 

; ;   paixers ,  and  were  led  to  the  hoppers  of  the  mixers  through  chutes .    The  hoppers 

^ere  divided  into  two  sections,  which  gave  the  correct  quantities  of  sand  and 

y^tone,  respectively,  for  one  bat&.    The  water  was  measured  in  a  small  tank 

^^ongside.    A  "four-bag"  batch  was  the  amount  mixed  at  one  time,  that  is, 

4t  consisted  of  4  bags  of  cement,  8H  cu.  ft.  of  sand,  and  17H  cu.  ft.  of  broken 

stone,  and  was  called  a  1 :  2H :  5  mixture.    It  measured  when  mixed  about  H 

cu.  yd. 

The  cement  was  furnished  to  the  contractor  by  the  railroad  company,  which 
undertook  aU  the  purchasing  from  the  manufacturer,  as  well  as  the  sampling, 
testiner  and  storing  untU  the  contractor  needed  it.    The  raih-oad  company 

iractor  $2  a  barrel  for  this  material. 

he  specifications  to  be  coarse,  sharp,  and  silicious, 

■^  0.6  per  cent  of  mica,  loam,  dirt  or  clay.    All 

ybeing  used.    The  stone  was  to  be  a  sound  trap 

mesh  and  being  retained  on  2^ -in.  mesh. 

se  a  coarser  stone  than  this,  namely,  one  that 

ned  on  a  IK-in.  mesh. 


J 
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The  concrete  was  to  be  machine-mixed,  except  in  cases  of  local  necessity. 
The  quantity  of  water  used  in  the  mixture  was  to  be  such  that  the  concrete 
would  quake  on  being  deposited,  but  the  engineer  was  to  use  his  discretion  on 
this  point .  Concrete  was  to  be  deposited  in  such  a  manner  that  the  aggregates 
would  not  separate.  It  was  to  be  laid  in  layers,  not  exceeding  9  ins.  in  thidE- 
ness  and  thoroughly  rammed.  When  placing  was  suspended  a  joint  was  to  be 
formed  in  a  manner  satisfactory  to  the  engineer.  Before  depositing  fresh 
concrete,  the  entire  surface  on  which  it  was  to  be  laid  was  to  be  cleaned, 
washed  and  brushed,  and  flushed  over  with  neat  cement  grout.  Concrete 
which  had  begun  to  set  was  not  to  be  used,  and  retempering  was  not  to  be 
allowed  The  forms  were  to  be  substantial  and  hold  their  shape  until  the 
concrete  had  set.  The  face  forms  were  to  be  of  matdied  and  dressed  plank- 
ing, finished  to  true  line  and  surfaces;  adequate  measures  were  to  be  tiUsen  to 
prevent  concrete  from  adhering  to  the  forms.  Warped  or  distorted  forms  were 
to  be  replaced.  Plastering  the  face  was  not  allowed.  Rook  surfaces  were  to 
be  thoroughly  washed  and  cleaned  before  the  concrete  was  deposited.  These 
specifications  were  followed  quite  closely. 

A  t3rpical  working  gang,  as  divided  among  the  various  operations,  is  shown 

below: 

Per   month 
Superintendence:  ^ 

H  su];>erintendent  at $250 

H  assistant  engineer  at 160 

1  assistant  superintendent  at 150 

Surface  transport:  Per  day 

1  foreman  at S2. 50 

1  engineer  at 3. 00 

1  signalman  at 2. 00 

16  laborers  at 1. 75 

3  teams  at 7. 50 

Lajdng: 

1  foreman  at $4. 00 

8  laborers  at 2. 00 

Forms: 

1  foreman  at $4.  50 

4  carpenters  at '. 8. 25 

5  helpers  at 2. 25  . 

Tunnel  transport: 

>i  foreman  at $3. 25 

J^  engineer  at 3. 00 

H  signalman  at 2. 00 

^  4  laborers  at 1 .  75 

Mixers:  % 

yi  foreman  at < S3. 25 

2  laborers  at 1. 75 

The  superintendent  and  assistant  engineer  looked  after  the  brickwork  and 
other  work  as  well  as  the  concrete.  The  siuface  transport  gang  handled  all 
the  materials  on  the  surface,  including  the  fetching  of  the  cement-  from  the 
cement  warehouses.    " 

The  tunnel  transport  gang  handled  all  materials  in  the  tunnel,  but,  ^^len  the 
haul  became  too  long,  the  gang  was  reinforced  with  laborers  from  the  lasring 
gang.  Of  the  laying  gang,  two  generally  did  the  spading,  two  the  spreading 
and  tamping,  and  the  remaining  force  dumped  the  concrete.  The  general 
cost  of  this  part  of  the  work  is  shown  in  Table  XV. 

The  figures  in  Table  XY  iiiclude  the  various  items  built  into  the  concrete  and 
some  that  are  certificate  extras  in  connection  with  the  concrete,  such  as  drains, 
ironwork  and  iron  materials,  rods  and  bars,  expanded  metal,  doors,  frames  and 
fittings,  etc. 
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Water-Proofing. — >Accordiiig  to  the  specifications,  the  water-proofing  was 
to  consist  of  seven  layers  of  pitch  and  six  layers  of  felt  on  the  side-walls  and  & 
H-in.  layer  of  mastic,  composed  of  coal-tar  and  Portland  cement,  to  be  plas- 
tered over  the  outside  of  the  arches. 

By  the  time  the  work  was  In  hand,  some  distrust  had  arisen  as  to  the  effi- 
ciency of  this  mastic  coating,  and  a  great  desd  of  study  was  devoted  to  the 
problem  of  how  to  apply  a  felt  and  pitdi  water-proofing  to  the  arches.  The 
difficulty  was  that  there  was  no  room  between  the  rock  and  the  arch  or  between 
the  timber  and  the  arch  (as  the  case  might  be)  in  which  to  work.  Several 
ingenious  schemes  of  putting  the  felt  on  in  layers,  or  in  small  pieces  like  shin- 
gles, were  proposed  and  discussed,  and  a  full-sized  model  of  the  tunnel  arch 
was  even  built  on  which  to  try  experiments,  but  it  was  finally  decided  to  over- 
come the  difficulty  by  leaving  out  the  arch  water-proofing  altogether  and 
simply  building  in  pipes  for  grouting  through  under  pressure,  in  case  it  was 
found  that  the  arch  was  wet. 

As  to  the  arch  built  through  the  length  excavated  by  cut-and-cover  on  the 
New  York  side,  it  was  resolved  to  water-proof  that  with  felt  and  pitch  exactly 
as  the  side-walls  were  done,  the  spandrel  filling  between  the  arches  being 
raised  in  a  slight  ridge  along  the  concrete  line  between  tunnels  in  order  to 
throw  the  water  over  to  the  sides.  The  portions  of  arch  not  water-proofed 
were  rather  wet,  and  grouting  with  a  1 :1  mixture  was  done,  but  only  with  the 
effect  of  stopping  large  local  leaks  uid  distributing  a  general  dampness  over 
the  whole  surface  of  the  arch. 


Tabls  XV. — Cost  op  Con<I;rbtb  in  Land  Tunnels,  in  Dollabs  Per  Cubic 

Yard 

Manhattan 

Cubic  yards  placed 14 ,706H 

Labor: 


Weehawken 
3,723 


Total  yardage 
18.429H 


Surface  transport S        0. 31 

Superintendence  and  general 

labor  at  point  of  work 0.  31 

Mixing 0.52 

Laying 1.38 

Tunnel  transport 1. 30 

Cleaning 0. 21 

Forms,  erecting  and  removal 1 .  58 


1.43 

1.31 
0.56 
1.45 
1.47 

•   •   •   • 

1.51 


0.54 

0.51 
0.53 
1.39 
1.34 
0.17 
1.56 


Total  labor 

Material: 

Cement 

Sand 

Stone 

Lumber  for  forms 

Sundry  tunnel  supplies. 


Total  materials 

Plant  running 

Surface  labor,  repairs  and  main- 
tenance   

Field  office  administration 


Total  field  charges 

Plant  depreciation 

Chief  office  administration. 


Total  average  cost  per  cubic 

yard i 

Cost  of  miscellaneous  items  in  concrete 

Amount,  in  dollars 

Unit  cost 


5.61 

2.30 
0.34 
0.91 
0.47 
0.16 


4.18 
0.44 

0.25 
0.50 


10.98 
0.62 
0.24 


11.84 

6,184.83 
0.42 


S    7. 

73 

S    2. 

22 

0. 

40 

0. 

61 

0. 

45 

0. 

17 

S    3. 

85 

S    0. 

44 

1. 

24 

1. 

72 

S   14. 

98 

S    1. 

57 

0. 

31 

S   16. 

86 

$1,756. 

79 

6.04 


2. 
0. 
0. 


28 
36 
85 


0.47 
0.16 


4.12 
0.44 

0.44 
0.76 


11.79 
0.81 
0.25 


0.47 


12.85 

7,941.62 
0.43 
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The  24-ft.  6-in.  tunnel  adjoining  the  Terminal  Station-West  was  water- 
proofed by  a  surface-rendering  method  which,  up  to  the  present  time,  has  been 
satisfactory.  Generally  speaking,  the  arches  of  the  land  tunnels,  though  not 
dripping  with  water,  are  the  dampest  parts  of  the  whole  structure  from  Tenth 
Ave.  to  Weehawken,  and  it  would  seem  as  if  some  form  of  water-proofing  over 
these  arches  would  have  been  a  distinct  advantage. 

There  was  no  difficulty  in  applying  the  water-proofing  on  the  side-walls, 
after  a  little  experience  had  been  gained  as  to  the  best  methods.  The  speci- 
fications required  the  sand-wall  to  be  covered  with  alternate  layers  of  coal- 
tar  pitch  and  felt,  seven  layers  of  the  former  and  six  layers  of  the  latter,  the 
felt  to  be  of  Hydrex  brand  or  other  equally  satisfactory  to  the  engineer.  The 
pitch  was  to  be  straight-run,  coal-tar  pitch  which  would  soften  at  60°F.,  and 
melt  at  100°F.,  being  a  grade  in  which  distillate  oils,  distilled  from  it,  should 
have  a  specified  gravity  of  1.105.  The  pitch  was  to  be  mopped  on  the  surface 
to  a  uniform  thickness  of  1-16  in.,  and  a  covering  of  felt,  previously  mopped 
with  pitch,  was  to  be  applied  inunediately.  The  sheets  were  to  lap  not  less 
than  4  ins.  on  cross-joints  and  12  ins.  on  longitudinal  joints,  and  had  to  adhere 
firmly  to  the  pitch-covered  surface.  This  layer  was  then  to  be  mopped,  and 
another  layer  placed,  and  so  on  until  all  the  layers  were  in  place.  This  water- 
proofing was  to  extend  from  the  bottom  of  the  cable  conduits  to  the  spring- 
ing of  the  brick  arch.  Where  sub-track  conduits  were  used,  these  were  to  be 
surrounded  with  their  own  water-proofing.  The  work  was  carried  out  as 
specified;  the  sand-waUs  were  not  rendered,  but  were  built  smooth  enou^ 
to  apply  the  water-proofing  directly  to  them.  They  were  dried  with  gasoline 
torches  before  the  application  of  the  pitch,  and  in  very  wet  sections  grooves 
were  cut  to  lead  the  water  away. 

The  first  attempts  were  with  the  felt  laid  in  horizontal  strips.  This  ended 
very  disastrously,  as  the  pitch  could  not  sustain  the  weight  of  the  felt,  and  the 
whole  arrangement  slipped  down  the  wall.  The  felt  was  then  laid  vertically, 
being  tacked  to  a  piece  of  horizontal  scantling  at  the  top  of  the  sand-wall  and 
also  held  by  a  row  of  planks  braced  against  it  at  about  half  its  height.  A  layer 
of  porous  brick  was  laid  as  a  drain  along  the  base  of  the  water-proofing,  cov- 
ered by  a  single  layer  of  felt  to  prevent  it  from  becoming  choked  with  concrete. 
The  water-proofing  of  the  sub-track  conduits  was  troublesome,  as  the  num- 
erous layers  and  the  necessity  for  preserving  the  proper  laps  in  both  directions 
between  adjacent  layers  made  the  whole  thing  a  kind  of  Chinese  puzzle.  Vari- 
ous modifications  to  suit  local  conditions,  were  made  from  time  to  time. 
Conduits  outside  the  general  outline  of  the  tunnel  are  difficult  to  excavate,  to 
lay,  and  to  water-proof,  and  should  be  avoided  wherever  possible. 

Table  XVI. — Cost  op  Watbb-proopino,  in  Dollars  Per  Square  Foot 

Manhattan  Weehawken  Total 

Square  feet  covered 47,042  13,964  60.736 

Labor $0.07  $0.07  $0.07 

Material 0.12  0.09  0.11 

Total  field  charges $0. 19  $0. 16  $0. 18 

Chief  office  and  plant  depreciation 0. 01  0. 03  0. 02 

Total  average  cost $0. 20  $0. 19  $0. 20 

The  usual  force  in  water-proofing  consisted  of  a  foreman,  at  $3.50  per  day, 
and  nine  laborers  at  $1.75  per  day.  These  men  not  only  laid  the  water-proof- 
ing, but  transi>orted  the  materials,  heated  the  pitch,  and  cut  up  the  rolls  of 
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felt.  In  general,  two  men  transported  material,  one  tended  the  heater,  and 
the  other  six  worked  in  pairs,  two  preparing  the  surface  of  the  concrete  sand- 
wall,  two  laying  pitch,  and  two  laying  felt. 

The  cost  of  the  water-proofing  operation  was  about  as  shown  in  Table  XVI. 

Brickwork  in  Arches. — Owing  to  the  heavy  timbering,  the  brickwork  at 
Manhattui  was  interfered  with  to  a  considerable  extent,  and  the  gang  was 
always  kept  at  work  at  two  or  more  places.  The  work  was  carried  up  to  a 
point  where  it  was  necessary  to  back-fill,  or  prop  or  cut  away  encroaching 
timbers,  and  then  the  men  were  moved  to  another  place  while  this  was  being 
done. 

The  centers  were  set  up  in  sets  of  seven,  spaced  4  ft.  apart.  Two  14-ft. 
lengths  of  3  by  4-in.  yellow  pine  lagging  were  used  with  each  set  of  ribs,  with 
24  X  8-in.  block  lagging  in  the  crown. 

All  centers  were  set  K  In.  high,  to  allow  for  settlement,  except  in  the  24-ft. 
6-in.  span,  in  which  they  were  set  H  in.  high.  This  proved  ample,  the  average 
settlement  of  the  ribs  being  0.01  ft.  and  of  the  masonry  0.003  ft.  In  the 
24-ft.  6-in.  span  the  ribs  were  strengthened  with  6  X  6-in.  blocking  and  12  X 
12-in.  posts  to  subgrade.  Great  trouble  was  here  encountered  with  encroach- 
ing timbering,  due  to  the  settlement  of  the  wide  fiat  span.  Grout  pipes  were 
built  in,  as  previously  mentioned. 

Each  mason  laid  an  average  of  0.535  cu.  yd.  of  brickwork  i)er  hour,  or  4.28 
cu.  yds.  per  day.  The  number  of  bricks  laid  per  mason  per  hour  was  218,  or 
1,744  per  day. 

The  bricks  were  of  the  best  quality  of  vitrified  paving  brick,  and  were 
obtained  from  the  Jamestown  Brick  Co.,  of  Jamestown,  N.  Y.  The  average 
size  was  8^  X  3  15-16  X  2  7-16  ins.;  the  average  number  per  cubic  yard  of 
masonry  was  408,  the  arches  being  from  19  ft.  to  24  ft.  6  ins.  in  span  and  from 
22  to  27  ins.  thick.  The  Joints  were  3-16  in.  at  the  face  and  averaged  9-16  in. 
through  the  arch. 

The  proportions  for  mortar  were  1  of  cement  and  2|^  of  sand.  One  cubic 
yard  of  masonry  was  composed  of  73.5  per  cent  brick  and  26.5  per  cent  mortar. 
The  volume  of  the  ingredients  in  a  four-bag  batch  was  12.12  cu.  ft.  and  the 
resulting  mixture  was  9.54  cu.  ft.  The  number  of  barrels  of  cement  was 
0.915  per  cu.  yd.  of  masonry,  and  about  17.7  per  cent  of  the  mortar  made 
^^l^as  wasted.    The  average  force  employed  was: 

Per  day 
Laying: 

1  foreman  at $8. 00 

4  layers  at 6.  00 

8  tenders  at 2. 00 

2  mixers  at 2. 00 

Forms: 

1  foreman  at ....  ^ $4.  50 

4  carpenters  at / 8.  60 

5  helpers  at 2. 26 

Transport: 

>i  hoist  engineer  at S3. 00 

}i  signalman  at 2.  00 

4  kiborers  at 2. 00 


For  materials,  the  following  prices  prevailed:  Cement,  $2.00  per  bbl.; 
Sand,  $0.90  to  $1.00  per  cu.  yd.;  Brick  $16  per  thousand,  delivered  at  yard; 
Centers,  $26  each ;  Lagging,  $45  per  1,000  ft.  B.  M.  The  cost  of  the  brickwork 
Is  given  in  Table  III. 
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Tablb  XVII. — Cost  of  Bbickwobk 

Manhattan  Weehawken  Total 

Cubic  yards  placed 4, 137  790  4,927 

Labor: 

Surface  transport $  0. 35  S  1. 19  $  0. 48 

Superintendent  and  general  labor  at 

point  of  work 0. 17  0. 04  0. 16 

Laying  and  mixing 2. 58  3. 20  2. 60 

Forms:  erection  and  removal 2. 62  0. 82  2. 25 

Tunnel  transport 1. 19  1. 12  1. 18 

Total  labor $6.91  $5.87  $6.75 

Brick. '. $  6. 66  $  6. 66  $  6. 66 

Cement 1.76  1.75  1.76 

Sand 0.20  0.28  0.22 

Forms 0. 92  0. 98  0. 93 

Overhead  conductor  pockets 0. 15  0. 09  0. 11 

Total  material $  9.  59  $  9.  66  $  9.  60 

Plant  running $  0.  55  $  0.  30  $  0.  51 

Surface    labor,    repairs    and    main- 
tenance    0. 36  1. 30  0. 61 

Field  office  administration 0. 55  0. 88  0. 60 

Total  field  charges $17. 96  $18. 01  $17. 07 

Chief  office  administration $  0. 60  $  0.  66  $  0.  61 

Plant  depreciation 0. 36  0. 64  0. 39 

Total  average  cost  per  cubic  yard .         $18.91  $19.31  $18.97 

In  Table  XVIII  the  cost  of  grout  is  expressed  in  terms  of  barrels  of  cement 
used,  because  that  was  in  the  schedule  of  prices  attached  to  the  contract  as 
the  unit  of  pajnnent  for  grout. 

Table  XVIII. — Cost  op  Grout  Over  Abches  in  Land  Tunnels,  in  Dollabb 

Pbb  Barrel  of  Cement  Used 

Manhattan 
(Gy-  East 

only)                Weehawken  Total 

Barrebused 3,000^  26lM  3.262 

Labor $0.65  $0.46  $0.63 

Material 2.30                       2.25  2.28 

Field  office  administration 0. 08                       0. 06  0. 08 

Plant  and  suppUes 0. 10                       0. 07  0. 09 

Total  field  charges $3. 03  $2. 84  $2. 98 

Chief  office  and  plant  depreciation .  0.  21  0.  22  0. 22 

Total  average  cost $3. 24  $3. 06  $3. 20 

Vitrified  Earthenware  Conduits  for  Electric  Cahlea. — ^The  general  drawings 
will  show  how  the  ducts  were  arranged,  and  that  manholes  were  provided  at 
intervals.  They  were  water-proofed,  in  the  case  of  those  embedded  in  the 
bendi,  by  the  general  water-proofing  of  the  tunnels,  which  was  carried  down  to 
the  level  of  the  bottom  of  the  banks  of  ducts;  and  in  the  case  of  those  below 
subgrade,  by  a  special  water-proofing  of  felt  and  pitch  wrapped  around  the 
ducts  themselves. 

The  portion  of  wall  in  front  of  the  ducts  was  bonded  to  that  behind  by 
bonds,  mostly  of  expanded  metal,  passing  between  the  ducts.  Examples  of 
the  bonding  will  be  seen  in  the  drawings. 

The  joints  between  successive  lengths  of  4-way  and  2-way  ducts  were 
wrapped  with  two  thicknesses  of  cotton  duck,  6  in.  wide,  those  of  8ingle>w«y 
ducts  were  not  wrapped,  but  plastered  with  cement  mortar.    The  ducts  weie 
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*^ 
laid  on  bed  of  mortar,  and  were  made  to  break  joints  at  top  and  bottom,  and 
side  to  side  with  the  adjacent  ducts.    They  were  laid  with  a  wooden  mandrel ; 
a  square  leather  washer  at  the  near  end  acted  as  a  cleanser  when  the  mandrel 
was  pulled  through. 

The  specifications  required  the  ducts  to  be  laid  at  the  same  time  as  the  con- 
crete and  be  carried  up  with  it,  but  this  was  foimd  to  be  a  very  awkward  opera- 
tion, as  the  tamping  of  the  concrete  and  the  walking  of  men  disturbed  the 
ducts,  especially  as  the  bonds  lay  across  them.  It  was  resolved,  therefore, 
to  build  the  portion  of  the  wall  behind  the  ducts  first,  with  the  bonds  onbedded 
in  it  at  the  proper  heights  and  projecting  from  it,  then  to  lay  up  the  banks  of 
ducts  against  this  wall,  bending  the  bonds  down  as  they  were  reached,  and 
finally,  after  all  the  ducts  were  in,  to  lay  the  concrete  in  front  of  and  over  the 
top  of  the  ducts.  Several  detailed  modifications  of  this  general  sdbeme  were 
followed  at  one  time  or  another  when  necessary  or  advisable. 

The  laying  of  ducts  below  subgrade  was  not  complicated  by  the  presence 
of  bonds;  the  water-proofing  caused  the  trouble  here,  as  before  described. 

The  specifications  called  for  a  final  rodding  after  completion.  Ordinary 
^-in.  gas  pipe  was  used  for  the  rod,  and  a  cutter  with  rectangular  cross-section 
and  rounded  comers  was  run  through  ahead  of  the  mandrel;  following  the 
cutter  came  a  scraper  consisting  of  several  square  leather  was  ers,  of  the  size 
of  the  ducts,  spaced  at  intervals  on  a  short  rod.  The  mandrel  itself  was  next 
put  through,  three  or  four  men  being  used  on  the  rods .  All  the  ducts  in  a  bank 
were  thus  rodded  from  manhole  to  manhole.  When  a  duct  was  rodded  it  was 
plugged  at  eaxib.  end  with  a  wooden  plug.  A  solid  wooden  paraffined  plug 
was  used  at  first,  but  afterward  an  expansion  plug  was  used. 

Very  little  trouble  was  met  in  rodding  the  power  conduits,  except  for  a  few 
misplaced  ducts,  or  a  small  moimd  of  mortar  or  a  laying  mandrel  left  in.  At 
such  points  a  cut  was  made  in  the  concrete  and  the  duct  replaced. 

In  the  subgrade  telephone  and  telegraph  ducts  east  of  the  Manhattan  Shaft, 
much  trouble  was  caused  by  grout  in  the  ducts.  The  mandrel  and  cutters 
were  defiected  and  broke  through  the  web  of  the  ducts  rather  than  remove 
this  hard  grout.  Trenches  had  to  be  cut  from  the  fioor  to  the  top  of  the 
water-proofing,  the  latter  was  then  cut  and  folded  back,  and  the  ducts 
replaced.  To  do  this,  a  number  of  ducts  had  to  be  taken  out  to  replace  the 
broken  ones  and  get  the  proper  laps.  The  water-proofing  was  then  patched 
and  the  concrete  replaced.  This  grout  had  not  penetrated  the  water-proof- 
ing, but  had  got  in  through  the  ends  of  the  ducts  where  they  had  not  been 
properly  plugged  and  protected.  The  duct  gang,  both  for  laying  and  rod- 
ding, generally  consisted  of  1  foreman,  at  $3.50  per  day,  and  9  laborers,  at 
$1.75  per  day.  When  laying:  4  men  were  laying,  2  men  mixing  and  carrying 
mortar,  and  3  were  transporting  material.  When  rodding:  4  men  were  rod- 
ding, 2  men  at  adjacent  manholes  were  connecting  and  disconnecting  cutters 
and  mandrels,  1  was  joining  up  rods,  and  2  men  assisting  generally. 

The  cost  of  this  work  is  shown  in  Table  V. 

Table  XIX. — Cost  op  Conduit  Work 

Manhattan  Weehawken  Total 

Duct  feet 115,962  35,155  151,117 

Labor $0,035  $0,032  $0,034 

Material 0.043  0.052  0.045 

Total  field  charges $0. 078  $0. 084  $0. 079 

Chief  office  and  plant  depreciation.  0. 005  0. 008  0. 006 

Total  average  cost $0,083  $0,092  $0,085 
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Bconomy  Effected  by  the  Rogers  Pass  Tunnel. — ^The  following  article, 
reprinted  in  Engineering  and  Contracting,  Nov.  17,  1915,  from  the  Cornell 
Civil  Engineer  for  December,  1914  was  written  by  J.  6.  Sullivan,  Chief 
Engineer  of  the  Western  Lines  of  the  Canadian  Pacific  Ry. 

The  calculations  showing  the  economy  to  be  attaint  over  the  present 
alignment  by  constructing  the  Rogers  Pass  Tunn^  of  the  Canadian  Pacific 
Railway  are  here  given. 

The  data  to  be  taken  into  account  are  as  follows:  Present  location,  total 
distance  23. 1  miles,  revised  location  18.68  miles.  Grades  consist  on  the  present 
location,  of  16.65  miles  up  hiU  for  westbound  traffic  on  maximum  grade  of  2.2 
per  cent,  6.45  miles  down  grade  same  maximum  with  a  total  rise  of  1,726  ft. 
and  a  drop  of  692.1  ft.  with  1,860°  of  curvature  on  the  up-hill  and  1,288*'  on  the 
downhill  portion  of  the  line.  The  revised  location  consists  of  16.77  miles  up 
hill  with  about  5  miles  of  2.2  per  cent  pusher  grade,  the  balance  X  per  cent  and 
a  down-hill  nm  of  1.91  miles  wit^  a  maximum  of  2.2  per  cent  grade;  a  total  rise 
of  1,178.2  ft.  and  a  drop  of  144.3  ft.,  with  635°  of  curvature  on  the  up-hill 
grade  and  66°  on  the  down-hill.  The  average  traffic  for  the  years  1912  and 
1913,  which  is  made  the  basis  of  calculation,  was  1,342H  passenger  trains  in 
each  direction;  the  average  weight  of  the  passenger  trains,  exclusive  of  loco- 
motives, was  443  tons;  980  of  the  passenger  trains  required  pusher  engines; 
the  weight  of  tbB  passenger  and  pusher  engines  for  passenger  trains  was  175 
tons  each;  there  were  1,738H  freight  trains  in  each  direction  per  year;  the 
average  weight  of  the  freight  trains  ^tbound,  exclusive  of  locomotives,  was 
950  tons;  the  average  weight  of  freight  trains  westboimd  was  898  tons;  all 
freight  trains  had  to  be  pushed  in  both  directions;  weight  of  freight  locomo- 
tives and  pushers,  181  tons  each.  The  tonnage  eastbound  and  westbound  was 
as  follows: 

Eastbound 

Tons 

1,342H  trains  @  443  tons  each 594,727.5 

2,322      locomotives  @  175  tons  each 406.350.0 

1,738H  freight  trains  @  950  tons  each. 1,651.  575.0 

3,477      locomotives  @  181  tons  each 629,237.0 

Total 3,281,889.5 

Westbound 

Tons 

1 ,342H  trains  @  443  tons  each 594, 727. 5 

2,322      locomotives  ®  175  tons  each 406,350.0 

1 ,738H  freight  trains  @  898  tons  each 1,561, 173.0 

3 , 477      locomotives  @  181  tons  each 629, 237. 0 

Total 3, 191.487.5 

Comparison  of  Com parablb  Factors  Affbotino  thb  Cost  of  Opbratinq 
Over  Rogers  Pass,  Via  Present  Linb  and  Via  Tunnel  Line.  Now  Under 
Construction,  Average  Trappic  for  the  Years  1912  and  1913 

E.  B.  tonnage  per  year,  including  weight  of  engines,  3,281,890  tons 
Resistance  to  Overcome,  on  Present  Line 

Ft.  Ft 

Actual  rise,  692.1  ft 692. 1 

Ciu-ve  resistance,  1,288°  X  .04  ft 51. 5 

Frictfon  resistance,  6.45  mis.  X  16  ft 96. 7 

Total 840,8 
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Resistanoe  to  Overcome,  Tunnel  Line 

Ft.  Pt 

Actual  rise,  144.3  ft 144. 3 

Curve  resistance,  66*  X  .04  ft 2.  6 

Friction  resistance,  1.91  mis.  X  16  ft 28.6 

Total 175.5 

Difference 664. 8 

3,281.890  tons  X  664.8  ft.  equals  2,181.800,472  foot-tons. 
W.  B.  Tonnage  Per  Year,  Including  Weight  of  Engines,  3,191,488  Tons 

Resistance  to  Overcome,  Present  Line 

Ft.  Ft. 

Actual  rise,  1,726  ft 1,726. 0 

Curve  resistance,  1,860°  X  .04  ft 74. 4 

Friction  resistance,  16.65  mis.  X  15  ft 249.7 

Total 2,060. 1 

Resistance  to  Overcome,  Tunnel  Line 

Ft.  Ft. 

Actual  rise.  1,178.2  ft 1, 178.  2 

Curve  resistance,  635**  X  .04  ft 25. 4 

Friction  resistanoe,  16.77  mis.  X  15  ft 251.6 

Total 1,455.1 

Difference 595. 0 

3,191,488  tons  X  595  ft.  equals  1.898,935.360  foot-tons. 

Foot-tons 

Total  work  done  (extra) : .'. 2, 181 ,800,472 

1,898.935.360 

Total 4,080,735.832 

One  thousand  foot- tons  equals  approximately  1  horsepower  hour.  Assum- 
ing that  5  lbs.  of  coal  is  consumed  in  doing  1  horsepower  hour's  work  and  that 
coal  on  locomotive  costs  $4.60  per  ton,  the  saving  in  fuel  will  amount  to 

4,080,736  X  5  lbs.  X  $4.60        ,  .  _  ^^^  .- 

^  -^^  1, 7 -. V "  •  4o,y.co.40 

2,000  lbs.  (one  ton) 

Extra  Wages  Train  and  Engine  Crews 

Present  Line 

6, 162  trains  for  23.1  miles 142.342. 2  tcain  miles 

5,437  push.  engs.  for  23.1  miles 125,594.  7  push.  eng.  miles 

Tunnel  Line 

6, 162  trains  for  18.68  miles 115. 106.  2  train  miles 

6,437  push.  engs.  for  13  miles 70,681.  0  push.  eng.  miles 

.            .           ,  /  27,236.0  train  miles 

Amount  saved |  54  ^  gi3  7  ^^^  ^^^  ^^^ 

27,236  train  miles  at  22  cts $  5,991.92 

64,913.  7  pusher  miles  at  25  cts 13,728. 40 

Note. — 25  cts.  to  cover  engine  crew  wages,  coat  of  repairs  to  pusher  loco- 
motives and  extra  cost  of  maintenance  account  of  running  pushers. 

Extra  cost  maintenance  of  way,  4.42  miles  at  $200  plus  27,236  train 

miles  at  20  cts $     6,331.20 

Extra  cost,  maintenance  of  way,  account  of  extra  number  of  degrees 
of  ciurvature,  assuming  that  400°  of  curvature  per  mile  would 
increase  rate  at  20  cts.  per  train  mile  for  maintenance  by 
30  per  cent — 

6.162  trains  X  2.447**  X  Ko  ot 3,769.60 

gkiecial  maintenance,  acooimt  4^^  miles  snow  sheds 85,000.00 

Extra  cost,  maintenance  of  eqmpment,  27,236  train  miles  at 

21  cts ~ 6,719.66 

Extra  cost,  maintenance  of  equipment,  account  of  extra  number  of 
degrees  of  curvatiu-e,  assuming  that  400°  of  curvature  per 
nme  would  increase  rate  of  21  ctS.  per  train  mile  by  40  per 
cent — 
6,162  trains  X  2,447°  X  »K,o««  ct 3,166.47 

Total  annual  saving  in  cost  of  operation $170, 636. 61 

90 
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The  rate  at  which  traffic  has  been  increashig  would  indicate  that  shortly 
after  the  work  of  constructing  the  tunnel  was  completed  the  traffic  would  have 
doubled.  In  this  case,  if  no  further  economies  were  made  in  methods  of 
operating  this  section  of  track,  the  annual  saying  on  account  of  operating  over 
tunnel  line  would  be —  

$85,635.61  X  2  +$85,000.00  »  $256,271.22 

In  arriving  at  the  above  figure  no  account  is  taken  of  whether  line  was  single 
or  double  track  uid  for  comparative  figures  it  was  assumed  that  methods  of 
operation  would  be  the  same.    Now,  as  a  matter  of  fact,  the  present  single 
track  line  with  double  the  present  traffic  would  make  the  business  too  con- 
gested for  economical  single-track  operation.    Therefore,  it  was  apparent 
that  it  was  time  to  study  the  question  of  double  traddng  the  present  line  or 
seeking  a  new  line  for  double  track.    It  was  decided  to  double  track  on  the  5- 
mile  tunnel  location.    Now  to  operate  successfully  a  5-mile  tunnel  we  will 
require  the  installation  of  an  electric  plant  and  the  purchase  of  electric  loco- 
motives.   All  the  details  of  the  proposed  electrification  have  not  as  yet  been 
worked  out,  but  even  if  they  were,  the  reader  is  not  interested  in  the  details  of 
cost.    He  can  see  at  once  that  the  problem  was  to  find  out  if  the  cost  of  oper- 
ating and  maintaining  the  tunnel  line,  taking  into  account  the  extra  costs  of 
operating  on  accoimt  of  having  a  short  section  of  electric  operation  and  extra 
cost  of  maintaining  tracks  in  the  tunnel,  plus  the  interest  on  the  cost  of  build- 
ing the  new  double  track  line,  including  the  cost  of  electrifying  the  tunnel, 
wodld  be  less  than  the  cost  of  operating  and  maintaining  a  double  track  line 
on  the  present  location  plus  the  interest  on  the  cost  of  building  the  second 
track.    The  figures  would  not  have  been  very  decisive  one  way  or  the  octier  if 
not  for  the  fact  that  there  is  now  4yi  miles  of  wooden  snow  sheds  on  the  pres- 
ent location  which  will  be  all  done  away  with  on  the  new  location.     The 
maintenance  and  cost  of  renewals  of  these  sheds  cost  between  $85«000  and 
$100,000  per  year.    To  maintain  and  renew  a  double-track  wooden  shed  would 
probably  cost  at  least  50  per  cent  more  than  the  above,  so  that  with  a  saving  of 
about  $125,000  per  year  in  maintenance  and  renewals  of  snow  sheds  and  a 
calculated  saving  in  operation  and  maintenance  of  $171,271.22  on  a  traflBc 
that  surely  will  be  reached  in  the  near  future,  there  was  no  doubt  as  to  the 
proper  course  to  pursue. 

As  to  the  details  of  figuring  economics  of  railway  location,  the  writer  is  weQ 
aware  that  it  is  impossible  to  devise  any  method  that  will  show  absolutely  the 
saving  in  cost  of  operating  one  line  over  uiother,  but  he  believes  that   the 
method  herein  followed,  namely,  that  of  comparing  cost  of  fuel  on  the  basis 
of  work  done  rather  than  on  a  train-mile  or  any  other  unit,  is  much  more  logical 
and  will  give  more  reliable  results  than  other  methods  that  have  been  followed. 
The  train  mile  is  possibly  the  best  unit  for  comparison  in  cost  of  wages  and  for 
cost  of  maintenance  of  equipment.    In  figuring  maintenance  of  way  a  fixed 
sum  should  be  taken  plus  a  rate  per  daily  train  rather  than  a  fixed  rate  alcMie 
per  train  mile,  for  the  reason  that  a  certain  amount  of  expense  must  be  incurred 
regardless  of  whether  trains  are  run  or  not.    The  fixed  sum  of  $200  per  mile 
taken  in  this  problem  is  probably  about  one-half  the  actual  sum  that  ^rould  be 
assumed  if  the  entire  cost  of  maintenance  was  to  be  included  in  this  fixed  sum 
per  mile  plus  the  rate  per  train  mile  for  the  reason  that  cost  of  maintenance 
of  terminals  and  other  items  are  not  affected  by  the  details  of  location 
between  fixed  terminals. 
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Frictlonal  resistance,  normal  conditions,  warm  weather,  modem  freight 
equipment,  speed  between  7  and  35  miles  an  hour, 

R  "  2.2T  +  121.6  C. 

R  =  total  resistance  on  level  tangent. 

T  »  total  weight  cars  and  contents  in  tons. 

C  "  total  number  of  cars  in  train. 

This  amounts  to  4  lbs.  per  ton  to  8  lbs.  per  ton,  depending  on  whether  cars 
are  fully  loaded  or  empty.  This  is  equivalent  to  a  rise  of  from  10  ft.  to  20 
ft.  per  mile.  For  mixed  traffic  a  conservative  estimate  is  train  resistance 
equals  rise  of  15  ft.  per  mile. 

It  may  appear  that  the  rate  of  25  cts.  per  actual  pusher  mile  covering  the 
cost  of  repairs  and  engine  crew  wages  and  extra  cost  of  maintenance  is  too 
high,  but  as  a  matter  of  fact  it  is  very  conservative  for  the  repairs,  mainte- 
nance and  renewals  of  the  locomotives  alone  will  run  somewhere  between  7  cts. 
and  10  cts.  per  mile  and  we  have  had  cases  where  the  engine  crew  wages  alone 
averaged  25  cts.  per  mile  for  the  actual  mileage  run,  on  account  of  delays  to  the 
pusher. 

Reference  to  Subaqueous  Shield  Driven  Tunnel  Costs. — Many  valuable 
data  are  given  in  the  paper  of  B.  H.  M.  Hewett  and  W.  L.  Brown  on  the  Penn- 
sylvania R.  R.  Timnels  imder  the  North  River,  New  York.  Proceedings  of 
the  A.  S.  C.  E.,  Vol.  XXXVI.  Certain  parts  of  this  paper  may  be  foimd  in 
abstract  form  in  Engineering  and  Contracting  as  follows. 

Methods  and  Cost  of  Pltxcing  Concrete  Lining — ^issue  of  May  11,   1910. 

Labor  Required  and  Average  Progress  in  Constructing  Shield  Driven  Tunnels — 
issue  of  May  18,  1910. 

First  Cost  cmd  Cost  of  Operating  Power  Plants — ^issue  of  May  25,  1910. 

Methods  and  Cost  of  Calking  and  Orummeting  Joints  in  Cast  Iron  Lining — 
issue  of  June  15,  1910. 


CHAPTER  XXI 
BANK  AND  SHORE  PROTECTION 

In  this  (diapter  are  given  the  methods  and  costs  of  constructing  certain 
structures  for  preventing  erosion  to  river  banks  and  also  similar  data  in  regard 
to  the  construction  of  breakwaters  of  various  t3i>es.  Further  references, 
giving  costs  of  bank  and  shore  protection  may  be  found  in  Gillette's  Handbo<d£ 
of  Cost  Data. 

Costs  of  Brush  Mattresses. — ^The  following  statements  of  methods  and 
costs  are  compiled  from  various  portions  of  the  Report  of  the  Chief  of  Engi- 
neers, U.  S.  A.  for  1910-11  and  are  printed  in  Engineering  and  Contracting, 
Nov.  13,  1912. 

Hopefield  Bend,  Ark. — The  work  done  during  the  year  comprised  3.505 
squares  of  mattress  and  11.332  sq.  yds.  of  paving.  The  cost  of  the  mattress 
work  was  as  follows: 

Strand  H  in.,  1.664  lbs I        46. 80 

Strand  Me  in..  6,311  lbs 160. 30 

Strand  K  in.,  19,027  lbs 623. 24 

Wire  No.  12.  8.896  lbs 195.  71 

Staples,  960  lbs 19. 95 

Clips  H  in.,  156 3.92 

CUps  Me  in.,  1,894 - 136.  37 

Brush,  6,632  cords 9.287. 82 

Stone,  4,009  cu.  yds 6,482. 82 

Steamboat  expense 1 .  836. 00 

Labor,  subsistence  and  supervision 11 ,824.  66 

129.617.69 

No.  of  squares 3 ,  605.  0 

Cost  per  square f  8. 42 

Cords  of  brush  and  poles  per  square 1. 60 

Cu.  yds.  of  stone  per  square 1 .  14 

Cu.  yds.  of  stone  per  cord  of  brush  and  poles 0.  712 

The  cost  of  grading  2,265  Ihi.  ft.  of  bank  involving  33,200  cu.  yds.  was  as 
follows: 

Coal,  etc I     281.00 

Labor,  subsistence  and  supervision 1 ,  736.  00 

Total 12,017.  00 

Cost  per  lin.  ft I        0.  89 

Cost  per  cu.  yd 0. 061 

The  cost  of  paving  2,265  Un.  ft.  of  bank  or  11,332  sq.  yds.  of  paving  was  as 
follows: 

Stone,  3,342  cu.  yds - $4, 162. 09 

Labor,  subsistence  and  supervision /     3, 170. 00 

17,332.90 

Cost  per  lin.  ft S        3. 83 

Cost  per  sq.  yd 0. 647 

Cu.  yd.  stone  per  sq.  yd.  paving 0. 29 

.  1428 
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A  summary  of  the  total  cost  of  the  work  is  as  follows: 

Total  field  cost $38.867. 42 

Office  expense 1,419.  63 

Surveys 1 ,  392. 07 

Care  of  plant 475. 18 

Repairs  to  plant 2,267. 93 

Depreciation  to  plant 2 ,  135. 33 

Total  cost $46,567. 46 

Walnut  Bend,  Ark. — During  the  first  part  of  the  season  no  imusual  dlflS- 
culties  were  encoimtered.  During  the  latter  part  of  the  season,  however, 
rapid  rises  in  the  river  gave  considerable  trouble  on  account  of  the  flooding 
of  the  dead-men  holes.  The  paving  consists  of  the  usual  form  of  rip-rap 
except  600  lin.  ft.  which  is  concrete  4  in.  thick. 

The  cost  of  the  mattress  work  follows: 

Channel  Mattrsss  No.  8 

(1,480  ft.  long  by  254  ft.  wide.  3,759  squares) 

Strand  H  in.,  17,192  lbs $      468. 08 

Strand  Me  in.,  6,366  lbs 162. 20 

Strand  K  in.,  22,797  lbs 624.  64 

Wire  No.  12,  7,520  lbs 165.44 

Wire,  silicon  bronze,  1,431  lbs 214.  51 

Staples,  700  lbs 14.  70 

Clips  H  in.,  1,712 44. 51 

CUpskein.,  2,064 148.61 

Misceilaneous  material t  1 ,  803. 01 

Brush  and  poles,  5,077  cords 8, 377. 06 

Stone  2,999  cu.  yds 3,548.  42 

Steam  boat  expense 3, 129.  82 

Labor,  subsistence  and  supervision 12, 170. 74 

Total $30,856.  73 

Cost  per  lin.  ft $         20.  85 

Cost  per  square 8. 20 

Cords  of  brush  and  poles  per  lin.  ft 3. 43 

Cords  of  brush  and  poles  per  square 1.  35 

Cu.  yds.  of  stone  per  lin.  ft 2. 02 

Cu.  yds.  of  stone  per  square 0.  71 

Cu.  yds.  of  stone  per  cord  of  brush  and  poles 0. 69 

Channel  Mattresses,  Nos.  9  and  10 
(596  ft.  long  by  25a  ft.  wide,  1,614  squares) 

Strand,  H  in.,  6,843  lbs $       172.  72 

Strand,  Me  in.,  3,184  lbs 78. 64 

Strand,  H  in.,  9,057  lbs 248. 16 

Wire,  No.  12.  4,573  lbs 100. 61 

Wire,  silicon  bronze,  650  lbs 97.  43 

Staples,  400  lbs 8. 40 

CUps,  H  in.,  559 14.  53 

CUps,  Me  in.,  988 12. 45 

Brush  and  poles,  1,881  cords 3 ,  103.  65 

Stone,  860  cu.  yds 1 ,017.  55 

Steamboat  expense 1 ,  271 .  70 

Labor,  subsistence  and  supervision 8,827. 92 

Total $14,953.  76 

Cost  per  lin.  ft •. $         26.09 

Cost  per  square 9.  21 

Cords  of  brush  and  poles  per  lin.  ft 8. 16 

Cords  of  brush  and  poles  per  square 1.  24 

Cu.  yds.  of  stone  per  lin.  ft 1 .  44 

Cu.  yds.  of  stone  per  square 0. 67 

Cu.  yds.  of  stone  per  cord  of  brush  and  poles 0. 46 
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CoNNBCTiNO  MATTBXBsas,  Nos.  17  TO  26,  Inclubivb,  2,542  Squabbs 

strand,  H  in.,  1,817  lbs $         47.  24 

Strand,  Me  in-.  7,287  lbs 179. 99 

Strand,  K  in..  14,660  lbs 398. 94 

Wire,  No.  12,  7,862  Iba 172.  96 

Staples.  725  lbs 15.23                      I 

Clips,  H  in.,  223 5.  80                      I 

Clips.  K«  in.,  2,126 101.39 

Brush  and  poles,  3,790  cords 6,253.  50 

Stone,  3,241.45  cu.  yds 3,835. 28 

Steamboat  expenses 2, 135. 28 

Labor,  subsistence  and  supervision 9,666. 06 

Total $22,811. 67 

New  work 2 ,  291  squares 

Repair  work 251  squares 

Cost  per  square $8. 96 

Cords  of  brush  and  poles  per  square 1 .  49 

Cu.  yds.  of  stone  per  Square 1 .  28 

Cu.  yds.  of  stone  per  cord  of  brush  and  poles 0.81 

The  bank  grading  amounted  to  51,617  cu.  yd.  for  new  work  and  6,268  cu. 

yds.  for  repair  work,  or  a  total  of  57,885  cu.  yds.,  and  its  cost  was  as 

follows: 

6,492  bus.  coal $       714. 00 

Labor,  subsistence,  and  supervision 3,318. 00 

Total $4,032.00 

Cost  per  lin.  ft.  (new  woyk) . ". $  1.  50 

Cost  per  ciR  yd 0. 0696 

The  bank  paving  with  stone  amounted  to  25.225  sq.  yds.,  of  whi(di  3,772 
sq.  yds.  were  repair  work.    The  cost  of  this  paving  was  as  follows: 

Stone,  6,352  cu.  yds $11,546.  00 

Steamboat  expense 1 ,  500. 00 

Labor,  subsistence,  supervision,  etc 7,517.  00 

Total $20,563.  00 

Cost  per  sq.  yd $  0. 815 

Cost  per  lin.  ft.  (new  work) 9.  22 

Cu.  yds.  of  stone  per  sq.  yd 0. 25 

The  amoimt  of  concrete  paving  was  5,196  sq.  yds.,  or  a  stretch  of  bank  600 
ft.  long  and  93H  ft.  wide;  its  cost  was  as  follows: 

Gravel.  631  cu.  yds $         441.  70 

Cement.  1,702  sacks 765. 90 

Coal,  438  bushels 48 .  18 

Wire,  Pittsburgh  fence,  49.500  sq.  ft • 245.  03 

Lumber 25. 00 

Labor,  subsistence  and  supervision 926. 75 

Total $     2,452. 56 

Cost  per  sq.  yd $  0.  472 

Cost  per  lin.  ft 4.905 

Cu.  yds.  of  gravel  per  sq.  vd 0. 12 

Sacks  of  cement  per  sq.  yd 0. 33 

A  summary  of  the  total  cost  follows: 

Total  field  cost $115,374.68 

Office  expense 2,200. 30 

Surveys 478. 60 

Care  of  plant 3,088. 73 

Repairs  to  plant , .        14,741. 57 

Depreciation  of  plant 13,879.  66 

Total  cost $149,763. 60 
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The  unit  costs  for  the  whole  work  summarize  as  follows: 

Channel  mattress,  per  lin.  ft $28. 46 

Connecting  mattress,  per  Un.  ft 8.  93 

Grading,  per  lin.  ft 1 .  95 

Paving  per  lin.  ft 10.  82 

Total  cost  per  lin.  ft.  of  bank  protected $50. 15 

Jleld  cost  per  lin.  ft.  of  bank  protected $38. 68 
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Fio.  1. — Cross  section  of  mattress  construction  for  ehore  and  levee  protection 

Old  Toton,  Ark. — ^The  work  comprised  an  extension  of  1,700  ft.  to  the  ere- 
vious  season's  work.    The  following  is  the  cost  of  the  mattress  work: 

Channel  Mattrkss  No.  9 
(798  ft.  long  by  250  ft.  wide,  1,995  squares) 

Strand,  H  in.,  13,432  lbs $      380. 13 

Strand,  Me  iu.i  4,072  lbs 103.  43 

Strand,  >i  in.,  11,243  lbs 309.  18 

\rire,  No.  12,  4,770  lbs 104. 94 

Wire,  silicon  bronze.  860  pounds 128.  91 

Staples,  400  lbs 8.  40 

Clips,  U  in.,  976 24.  50 

Clips.  Me  in-.  1.406 101.25 

Brush  and  poles,  3,019.7  cords 4,227.  58 

Stone,  1,682  cu.  yds 2,312. 30 

Steamboat  expense 1 ,  236.  73 

Labor,  subsbtence  and  supervision 9.023.  53 

Total $17,960.  88 

Cost  per  lin.  ft $         22.  50 

Cost  per  square 9.  00 

Cords  of  brush  and  poles  per  lin.  ft 3.  78 

Cords  of  brush  and  poles  per  square 1.51 

Cu.  yds.  of  stone  per  lin.  ft 2.11 

Cu.  yds.  of  stone  per  square 0.  84 

Cu.  yds.  of  stone  per  o<»'d  of  brush  and  poles 0.  66 
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Chanxbl  Mat  No.  10 

(903  ft.  long  by  250  ft.  wide,  2,257.5  squares) 

Strand,  H  in..  12,931  lbs $      365.95 

Strand,  Me  in.,  5,556  lbs 141. 12 

Strand,  H  in.,  14,616  lbs 401. 94 

Wire,  No.  12,  6,350  lbs 139.  70 

Wire,  silicon  bronse,  704  lbs 142.  91 

Staples,  450  lbs 9. 45 

CUps,  H  in.,  449 11.  27 

CUps,  Me  in.,  544 18.  73 

Brush  and  poles,  3,589  cords 5 ,  184. 14 

^tone,  1,825  cu.  yds 2,924.  72 

Steamboat  expense 1 ,400. 00 

Labor,  subsistence  and  supervision 9^000. 29 

Total •. $19,740. 22 

Cost  per  lin.  ft $      '  21. 86 

Cost  per  square 8. 74 

Cords  of  brush  and  poles  per  lin.  ft 3. 97 

Cords  of  brush  and  poles  per  square 1 .  59 

Cu.  yds.  of  stone  per  lin.  ft 2. 021 

Cu.  yds.  of  stone  per  square 0. 808 

Cu.  yds.  of  stone  per  cord  of  brush  and  poles. . . ;  —  0. 508 


CoNNKcrmo  Mats  Nob.  28  to  25,  Inclubiyb,  573  Squabks 

Strand,  H  in.,  70  lbs $        1. 98 

Strand,  Me  in.,  3,395  lbs 60. 83 

Strand,  K  in.,  6,054  lbs 160. 49 

Wire,  No.  12,  1,700  lbs 37. 40 

Staples,  160  lbs 3. 15 

Clips,  H  in.  36 1.40 

CUps,  Me  in.,  650 8. 19 

Brush  and  poles,  8,677  cords 1 ,  214. 78 

Stone,  520  cu.  yds 977. 08 

Steamboat  expense 380. 00 

Labor,  subsistence  and  supervision 2,801. 34 

Total 15,646. 64 

Cost  per  square f         9. 85 

Cords  of  brush  and  poles  per  square 1. 51 

Cu.  yds.  of  stone  per  square 0. 91 

Cu.  yds.  of  stone  per  cord  of  brush  and  poles 0. 60 


CoxNBCTiNO  Mat  No.  27,  191  Squabbs 

(Repairs  to  old  work) 

Strand,  H  in.,  420  lbs $       11. 88 

Strand,  Me  in.,  600  lbs 15.  24 

Strand,  H  in.,  1,680  lbs 46. 20 

Wire,  No.  12,  524  lbs 11.  63 

Staples,  50  lbs 1. 05 

Clips,  H  in.,  10 .26 

CUps,  Me  in.,  132 1.6Q 

Brush  and  poles,  280  cords 396. 00 

Stone,  180  cu.  yds 338. 22 

Steamboat  expense 100.  00 

Labor,  subsistence  and  supervision 1 ,082. 00 

Total $2,004.  03 

Cost  per  square $       11. 07 

Cords  of  brush  and  poles  per  square 1. 54 

Cu.  yds.  of  stone  per  square 1. 00 

Cu.  yds.  of  stone  per  cord  of  brush  and  poles 0. 65 
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The  cost  of  2,149  lin.  ft.  or  11,975  sq.  yds.  of  paving  was  as  follows: 

Stone  3,711  ou.  yds $6,054.  51 

Labor,  subsistenoe  and  supervisioii 3, 632. 95 

Total $9.687. 46 

Cost  per  sq.  yd $        0.  808 

Cost  per  lin.  ft 4. 50 

Cu.  yds.  stone  per  sq.  yd.  of  paving 0. 31 

The  cost  of  51,758  cu.  yds  of  grading  was  as  follows: 

Coal $    570. 0 

Labor,  subsistenoe  and  supervision 3 ,  502. 0 

Total $4,072. 0 

Cost  per  lin.  ft. . . , $         1. 89 

Cost  per  cu.  yd 0. 079 

A  su^^nary  of  the  total  and  unit  cost  is  as  follows: 

Total  field  cost $64,956. 14 

Office  expense 1 ,  190. 29 

Surveys 440. 16 

Care  of  plant 1 ,069. 18 

Repairs  to  plant 5, 102. 85 

Depreciation  of  plant 4 ,804. 49 

Total $77,663. 11 

Total  unit  costs — 

Channel  mat,  per  lin.  ft $26. 59 

Connecting  mat,  per  lin.  ft 3. 98 

Grading,  j>eT  lin.  ft 2. 27 

Paving,  per  lin.  ft 5. 40 

Total  cost  per  lin.  ft.  of  bank  protected $38.  24 

Held  cost  per  lin.  ft.  of  bank  protected $31 .  87 

Panther  Forest,  Ark. — The  work  consisted  in  constructing  2,037  ft.  of  stand- 
ard revetment  down  stream  from  the  lower  end  of  previous  work.  Two 
mats  were  constructed,  1,131  X  253  and  946  X  253  ft.,  and  four  shore  mats 
containing  264  squares,  to  connect  the  main  mattress  with  the  upper  bank 
paving.  The  bank  was  cleared  of  heavy  timber  for  a  distance  of  2,300  ft., 
the  clearing  extending  about  1,000  ft,  below  the  end  of  the  revetment.  Work 
was  begun  Aug.  23  and  completed  Nov.  12,  1910.    The  cost  was  as  follows: 

Cost 

5,254  squares  channel  mat,  at  $6.477. .     $34,032. 86 

1,960  squares  paving  bank,  at  $7.307 14 ,  322.  85 

Property 4,892.  59 

90  days'^  towing,  at  $48.338 4,350. 39 

264  squares  pocket  mattress,  at  $8.103 2 ,  139.  34 

Sundries 2,056.  87 

1,900  lin.  ft.  hydraulic  grading,  at  $1.002 1 ,904.  86 

1,900  lin.  ft.  grade  dressed,  at  $0.461 876.  51 

Supervision 860. 82 

Outfitting 735. 84 

2,300  lin.  ft.  bank  cleared,  at  $0.31 711.  77 

Transportation  of  labor 424. 25 

250  lin.  ft.  hand  grading,  at  $1.299 324. 89 

475  lin.  ft.  ditching,  at  $0.271 128.94 

Repairs  to  old  paving 75.  70 

10  squares  revetment,  at  $5.464 54.  64 

Total $67,893. 12 

Leland  Neck,  Ark. — The  work  comprised  the  extension  of  existing  revet- 
ment 1,057  ft.  down  stream  by  a  channel  mat  250  ft.  wide,  and  two  shore  or 
connecting  mats  containing  652  squares.    Its  cost  was  as  follows:    . 
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2.M2  •quAres  ehannd  mat,  at  $8.4257 t22.260. 63 

652  squares  pocket  mat,  at  $6.9897 4.557. 26 

1,173  squares  bank  paved,  at  $6.8063 7,983. 77 

309  squares  revetment,  at  $6.4986 2,008. 06 

63  days*  towing,  at  $58.31 3,673. 77 

r,287  fin.  ft.  hydrauUc  grad'g,  at  $1.9254 2,478. 10 

1,287  lin.  ft.  hand  grading,  at  $0.477 614. 05 

Supervision 393.  75 

Transportation  of  lalxn- 706. 80 

Engineer  office  charges 727.  74 

Hire  of  barges,  etc 5.332. 86 

Loading  stone 944. 10 

Total $51.680. 


Albemarle  Bend,  Miss. — The  work  carried  out  here  is  designed  to  prevent 
further  caying  in  this  bend,  where  this  action  has  progressed  for  a  great  many 
years,  destroying  many  levees  and  involving  large  expenditures  for  new  ones. 
During  the  past  four  years  the  bank  has  been  eroded  at  the  rate  of  about  500 
ft.  per  year.  The  approved  project  contemplated  the  construction  of  about 
10,000  ft.  of  revetment,  and  work  was  begun  in  August,  1910,  and  during 
the  period  Aug.  17,  1910,  to  Mar.  3,  1911,  11,650  ft.  of  revetment  ¥^re  con- 
structed, located  so  as  to  cover  the  zone  where  the  caving  had  been  most  active 
for  several  years  past.  Since  the  completicm  of  the  work  the  main  force  of 
the  current  has  been  changed,  so  that  it  now  strikes  the  bank  along  the  lower 
third  of  the  completed  revetment. 

Tl^  work  was  done  by  forces  from  three  engineer  districts,  but  the  r^x>rt 
gives  details  for  one  district  force  only,  and  these  follow. 

The  grading  was  unusually  heavy,  due  to  the  old  levee  near  the  edge  of  the 
bank,  which  had  to  be  cut  in  several  places  for  the  mat  cables  to  pass  through. 
It  was  necessary  to  wash  a  large  portion  of  this  levee  into  the  river  and  then 
regrade  the  bank,  fully  one-half  of  the  bank  having  to  be  graded  a  second  time 
for  this  reason.  Brush  and  poles  for  the  revetment  work  were  obtained  imder 
contract.  Stone  was  procured  from  the  reserve  at  Greenville;  from  contract 
delivery  on  the  bank  at  Greenville,  loaded  on  barges  at  Vicksburg,  and 
delivered  at  the  different  revetments  on  contractors'  barges. 

On  accoimt  of  lack  of  familiarity  with  this  portion  of  the  river  and  difficulty 
in  obtaining  a  suitable  willow  bar,  mattress  construction  was  somewhat  slow. 
A  sudden  rise  of  the  river  and  the  caving  in  of  one  set  of  ways  tended  to  delay 
the  work  and  to  increase  the  cost,  as  did  also  the  necessity  of  bringing  some 
of  the  brush  by  barges  from  a  considerable  distance.  The  field  cost  was  as 
follows: 

90,230  ft.  B.  M.  3  X  6  in.  lumber. $  1 ,398. 56 

140,000  ft.  B.  M.  2  X  4  in.  lumber 2, 170. 00 

2 ,  000  ft.  B.  M.  miscellaneoiis  lumber 31. 00 

6.000  lbs.  9-in.  steel  wire  nails 138. 00 

16,600  lbs.  6-in.  steel  wire  nails 348. 60 

5,000  lbs.  4-in.  steel  wire  nails 105. 00 

3.500  lbs.  No.  12  galvanised  wire 82. 25 

4, 100  cords  brush 5.398. 62 

10,000  9-in.  treenails 28. 80 

40,000  6-in.  treenails 107. 20 

Steamers  and  tugs 1,825.  00 

Miscellaneous 40. 60 

Provisions 1.318.  58 

Pay  rolls,  services 5.371.96 

Total. .    ^ $18,364. 17 

Sq.  ft.  of  mattress  built 394 ,620 

Cost  per  sq.  ft.  for  construction , , $    0. 04953 
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The  item  of  4,100  cords  of  brush  given  in  the  foregoing  table  is  analyzed  as 
follows: 

Cutting  and  piling,  building  roads,  etc...... $4,047 . 29 

Transportation  to  ways , 1,184. 37. 

Privilege  of  cutting  brush 1*66.96 

Total $5,398. 62 

Estimated  cords  of  brush  used 4^100 

Cost  per  cord  delivered  at  ways $      1 .  316 

Of  the  4,100  cords  of  brush  used,  750  cords  had  to  be  transported  from  out- 
lying bars  on  barges . 

Three  sets  of  ways  had  to  be  built,  one  on  the  mainland  at  Salem,  one  on 
the  towhead,  and  one  on  Arcadia  bar.  Their  cost  is  included  in  mattress 
construction,  but  is  separated  and  analyzed  as  follows: 

Lumber  and  nails *. $161. 60 

Labor  and  superintendence 425. 07 

Total $586.  67 

Average  cost  of  each  set , . . . .  $195. 56 

The  expense  of  towing  lumber  and  other  materials,  except  rock,  has  been 
added  to  and  is  included  in  the  cost  of  such  materials  delivered  at  the  site  of 
the  work.  As  Salem  bar  is  located  only  a  sliort  distance  above  Albemarle 
Bend,  the  cost  of  towing  the  mattresses  fr<nn  the  place  where  built  to  the 
locality  where  sunk  is  too  small  to  be  given  as  a  separate  item,  and  is  included 
in  the  cost  of  construction  and  sinking. 

The  cost  of  sinking  394,620  sq.  ft.,  or  3,946.2  squares  of  mattresses,  was  as 
follows: 

487  tons  of  rock,  at  $2.40 $  1, 168. 80 

2,473.61  tons  of  rock,  at  $2.26 5,665.62 

Steamera  and  tugs '. 2, 105. 00 

Lumber,  wire  nails,  wire,  etc ^  . , 432. 56 

Miscellaneous 64. 74 

Provisions 990. 34 

Pay  rolls,  services 3, 110. 09 

Total $13,437.  75 

Cost  per  sq.  ft.  to  sink $    0. 03405 

Summarizing  the  field  cost  of  construction  and  sinking  we  have: 

Construction  of  mattress  per  sq.  ft $0. 04653 

Sinking  of  mattress  per  sq.  ft 0. 03405 

Total  field  cost  per  sq.  ft $0. 08058 

All  grading  was  done  with  a  hydraulic  grader.  Operations  were  commenced 
Nov.  3  and  completed  Nov.  13,  during  which  time  1,586  lin.  ft.  of  bank  was 
graded.  The  grader  was  operated  with  a  single  crew.  The  total  cost  of 
grading  1,686  lin.  ft.  of  bank  was  $2,045.55  being  $1.29  per  lin.  ft. 
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A  total  of  129,121  sq.  ft.,  covering  1,635  lin.  ft.  of  bank,  was  paved.  The 
cost  was  as  follows: 

Steamers  and  tugs $      877. 00 

1,271. 19  tons  of  rook,  at  $2.40 3,050. 86 

1,271. 71  tons  of  rock,  at  $2.32 2,960. 37 

437. 04  tons  of  rook,  at  $2.25 083. 34 

896  tons  of  rock,  at  $1.93 1 ,729. 28 

Misoellaneous 35. 00 

Provisions 441 .  62 

Pay  rolls,  servioes 1,606.95 

Total $11 ,970. 42 

Cost  per  sq.  ft.  for  paving $      0. 0919 

Clearing  the  bank  of  logs,  etc.,  preparatory  to  grading  cost  $375.30. 

Rock  for  this  work  was  obtained  from  various  sources  and  at  various  prices. 
A  total  of  6,837  tons  was  used,  of  which  3,807  tons  was  obtained  under  con- 
tract delivered  on  barges  at  Vicksburg,  Miss.,  1,758  tons  delivered  on  barges 
in  Albemarle  Bend,  and  1,272  tons  purchased  in  open  market,  delivered  on 
railroad  cars  at  Vicksburg,  Miss.  The  lack  of  rock  at  times  delayed  the  work 
and  increased  its  cost. 

The  same  plant  was  used  in  Albemarle  Bend  as  was  operated  at  Reid- 
Bedford,  and  the  actual  expense  ot  moving  it  upstream  about  40  miles  was 
not  very  great,  but  has  been  prorated  with  the  Reid-Bedford  work  and 
assumed  to  be  $1,500. 

The  cost  of  such  survey  work  as  was  necessary  to  the  location  and  placing 
of  the  revetment  was  $129.      " 

The  total  length  of  completed  revetment  placed  by  the  district  force  men- 
tioned above  was  1,615  ft.,  and  the  summarized  cost  was  as  follows: 

Const,  of  mattress,  incl.  3  sets  ways $18,364. 17 

Sinking  of  mattress 13,437.  75 

Grading  bank 2,045.  55 

Paving  bank 11 ,970. 42 

Clearing 375.  30 

Installation,  estimated 1 ,  500.  00 

Surveys 129.00 

Mboellaneous 62.  00 

New  plant,  manila  rope,  etc.,  estimated. . . , 2,000.  00 

Total  field  cost $49,884. 19 

Total  field  cost  per  lin.  ft.  completed  revetment ...   $         30.  89 

A  siunmary  of  the  unit  and  total  costs  of  work  done  by  the  two  other  district 
forces  which  were  engaged  at  Albemarle  Bend  is  as  follows: 

27, 172  squares  channel  mat,  at  $7.851 $213,296.  35 

4 ,  960  squares  connecting  mat,  at  $9.089 45 ,  079.  50 

5,468  squares  bank  paved,  at  $9.897 54 ,  120. 09 

32  squares  revetment,  at  $7.207 230.  64 

8 ,  550  lin.  ft.  slope  dressed,  at  $0.497 4 ,  254 .  88 

12  acres  bank  cleared,  at  $135.47 1 , 625.  68 

3,000  lin.  ft.  ditching,  at  $0.068 202. 47 

11,000  lin.  ft.  hydr'Uc  grad'g,  at  $1.190 12,310.97 

200  days'  towing,  at  $173.914 : . .  34,782.  71 

Outfitting 671. 42 

Inspection 3 ,  181 .  70 

Supervision 4 , 737.  62 

Property 10,426. 01 

Transportation  of  labo^ 3 , 090. 81 

Rent  of  barges 7, 134.  23 

Engineer  office  charges 1 ,  500. 00 

Sundries, 17.703.74 

Total $414,348. 82 
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Reid  Bedford  Bend,  La. — The  conditions  at  this  bend  of  the  river  were  very 
unfavorable  for  either  revetment  or  levee  work.  It  has  a  sloughing  bank, 
where  large  sections  settle  slowly  and  shde  out.  The  adjacent  land  is  low 
and  swampy,  and  the  current  attains  a  high  velocity  in  the  deep  water  close 
to  the  bank.  Each  of  the  numerous  sections  of  abandoned  levees  has  its 
borrow  pit,  from  which  the  impounded  water  seeps  through  the  bank,  assisting 
in  its  destruction. 

Work  was  begun  in  1906,  when  about  2,000  ft.  of  revetment  was  placed,  but 
on  account  of  high  stages  of  the  river  no  upper-bank  paving  was  possible. 
The  work  described  consisted  in  adding  1,880  ft.  of  revetment  and  some 
repairs  to  old  work. 

Mattress  construction  was  commenced  when  the  river  was  at  about  a  half 
stage,  and  as  the  employes  were  imfamiliar  with  the  low-water  conditions 
in  this  part  of  the  river,  some  errors  were  made  in  the  location  of  the  ways,  with 
the  result  that  the  cost  of  mattress  construction  was  more  than  it  would  have 
been  imder  favorable  conditions.    The  detailed  field  cost  is  as  follows: 

103,986  ft.  B.  M.  3  X  6-in.  lumber I  1 ,611. 78 

206,398  ft.  B.  M.  2  X  4-in.  lumber 3, 183.  67 

2,000  ft.  B.  M.  miscellaneous  lumber 31. 00 

8,000  lbs.  9-in.  steel  wire  nails 184. 00 

19,600  lbs.  6-in.  steel  wire  nails 411.  60 

4, 100  lbs.  4-in.  steel  wire  nails 86. 10 

2,400  lbs.  No.  12  galvanised  wire 66. 40 

6,000  cords  brush 6,912.65 

10,000  9-in.  treenails 28.  80 

40,000  6-in.  treenails , 107. 20 

Steamers  and  tugs 2 ,  389. 60 

Miscellaneous 218. 10 

Provisions 2,387.  32 

Pay  rolls,  services 7, 174. 63 

Total $24,782. 76 

Total  sq.  ft.  mattress  built 673, 100 

Cost  per  sq.  ft.  for  construction %    0. 04324 

The  item  of  6,000  cords  of  brush  given  in  the  foregoing  table  is  analyzed  as 
follows: 

Cutting  and  piling,  building  roads,  etc $4,472. 00 

Transportation  of  ways 2 ,  146. 27 

Privilege  of  cutting  brush 294. 38 

Total $6 , 9 12 .  66 

Estimated  cords  brush  used 6,000 

Cost  per  cord  delivered  at  ways $    .  1 ,  162 

Two  sets  of  ways  were  built.  Their  cost  is  included  in  mattress  construc- 
tion but  is  separated  and  analyzed  as  follows: 

Lumber  and  nails $182. 00 

Labor  and  superintendence 268.  60 

Total $460. 60 

Average  cost  of  each  set $226. 30 

The  expense  of  towing  lumber  and  other  materials,  except  rock,  has  been 
added  to  and  is  included  in  the  cost  of  such  materials  delivered  at  the  site  of 
the  work.  As  Browns  Point  and  Halpino  bars,  where  the  mattresses  were 
built,  are  less  than  30  miles  above  Reid-Bedford  Bend,  the  cost  of  towing  the 
mattresses  from  the  place  where  built  to  the  locality  where  sunk  is  too  small 
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to  be  griven  as  a  separate  item,  and  is  therefore  induded  in  the  cost  of  construc- 
tion and  sinking. 

The  work  of  sinking  was  somewhat  difficult.  On  account  of  the  swift 
current  three  tow  boats  were  required  to  handle  the  plant  and  mattresses. 
At  times  the  current  attained  a  velocity  of  8  ft.  per  second.  No  disasters 
occurred,  but  the  cause  stated  mauds  the  woric  of  placing  mattresses  slow^  and 
expensive.    The  total  field  cost  was: 

4,289. 93  tons  rock %  9, 661.  09 

Lumber,  wire,  nails,  etc 588.  66 

Steamers  and  tugs 4,877. 00 

Miscellaneous 194. 47 

Provisions 2,022.  21 

Pay  rolls,  services 7,238.  81 

Total $24,682. 24 

Total  sq.  ft.  mattress  sunk 573.  000 

Cost  per  sq.  ft.  to  sink $    0. 04289 

Siunmarizing  the  field  cost  of  construction  and  sinking  of  mattresses  in 

place  we  have: 

Construction  of  mattresJB  per  sq.  ft SO.  04324 

Sinking  of  mattress  per  sq.  ft 0. 04289 

Total  field  cost  per  sq.  ft $0. 08613 

The  grading  consisted  of  2,082  lin.  ft.  of  new  work  and  of  1,017  lin.  ft.  of 
regrading;  it  cost  as  follows: 

Grading $4,950. 14 

Re-grading 1,814.07 

Total $6,764.  21 

Cost  per  lin.  ft.  to  grade $        2.  33 

Cost  per  lin.  ft.  to  re-grade 1.  78 

A  total  of  119,066  sq.  ft.  covering  1,750  lin.  ft.  of  bank  was  paved  on  the 
extension  of  revetment  and  31^,169  sq.  ft.,  covering  565  lin.  ft.  on  the  repairs 
to  work  placed  in  previous  years.    The  cost  was  as  follows: 

Steamers  and  tugs $       703. 16 

2,106.36  tons  of  rock,  at  $2.25 4,739.  31 

1,193.68  tons  of  rock,  at  $2.32 2,769.34 

Miscellaneous 51 .  00 

Provisions 887.  68 

Pay  rolls,  services 2,388.  49 

Total $1 1 ,  538.  87 

Cost^  per  sq.  ft.  to  pave $        0. 077 

Kempe  Bend,  La. — During  the  year  the  upper  revetment  was  extended 
upstream  900  lin.  ft.  and  the  lower  revetment  downstream  2,373  lin.  ft.  The 
upper  bank  along  the  lower  extension  was  graded  and  1,439  lin.  ft.  was  paved. 
The  timber  along  the  bank  between  the  upper  and  lower  revetments  was  cut 
to  prevent  its  caving  in  and  obstructing  future  work.  Mat  construction 
cost  $28,919  for  882,300  sq.  ft.  or  about  3.27  cts.  per  square  foot.  The  mats 
had  to  be  towed  50  miles  and  the  cost  was  as  follows: 

Tug  "Tuniaca,"  6  days,  at  $29 $     174. 00 

Tug  "Marengo,"  30  days,  at  $26 780.  00 

Steams  "Tensas,"  15  days,  at  $24 360.  00 

Total $1 ,  314.  00 

Total  sq.  ft.  towed 882.300 

Cost  per  aq.  ft $0. 001489 
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^ .  It  required  180,000  sq.  ft.  to  extend  the  upper  revetment  upstream  000  lin. 

ft.  and  702,300  sq.  ft.  to  mattress  the  2,373  ft.  of  bank  at  the  lower  end  of  the 
bend.    The  following  is  the  detailed  cost  of  this  part  of  the  work: 

Steamers  and  tugs $  1 ,  510.  67 

Lumber,  wire,  nails,  etc 287. 46 

6,198  tons  of  rock,  at  $1.93 10,032. 14 

rt                         761  tons  of  rock,  at  $2.377 $  1,808. 39 

Miscellaneous 66. 96 

Provisions 1 ,  755.  57 

Payrolls 6,408.41 

'                            Total... $21,870.00 

J                             Total  sq.  ft.  sunk. 882, 330 

Cost  per  sq.  ft.  to  sink $    0.  02479 

V                             Total  cost  per  sq.  ft.  in  place $    0. 05906 


The  grading  was  done  by  a  hydraulic  grader,  the  bank  being  dressed  also 
by  hand  where  necessary.  The  material  was  mostly  stiff  clay  on  top,  with 
layer  of  sand  at,  bottom.  At  the  lower  end  of  the  bend  two  thousand  five 
hundred  lin.  ft.  of  bank  were  graded.    The  following  is  the  detailed  cost: 

Hydraulic  grader  No.  1: 

Steamers  and  tugs $    460. 00 

Coal 821. 10 

Miscellaneous 80.  65 

Provisions 772.  75 

Pay  rolls 2.495. 98 

E[ana  grading  Oabor  and  provisions) 627.  53 

Total $5,248.01 

Lin.  ft.  of  bank  graded 2 ,  500 

Cost  per  lin.  ft.  to  grade $       2. 099 

A  total  of  92,606  sq.  ft.  or  1,416  lin.  ft.  was  paved  with  rock  as  an  extension 
to  the  lower  upper  bank  revetment;  the  following  is  the  detailed  cost  of  the 
work: 

Steamers  and  tugs $    687. 00 

2,454  tons  of  rock,  at  $1.93 4, 736.  22 

405  tons  of  rock,  at  $2.377 962.  69 

Miscellaneous 40. 00 

Provisions 420. 00 

Pay  rolls 1,871.  60 

Total $8,717.  51 

Cost  per  sq.  ft $       0.  094 

New  Orleans,  La. — ^A  total  of  1,960,000  sq.  ft.  of  mattress  was  built  at  the 

following  cost: 

265,204  ft.  B.M.  3  X  6-in.  lumber $  3,702. 40 

670,349  ft.  B.M.  2  X  4-in.  lumber 9,048.  09 

16.000  ft.  B.M.  miscellaneous  lumber 382. 00 

22, 100  lbs.  9-in.  steel  wire  nails 472. 42 

.    61 ,700  lbs.  6-in.  steel  wire  nails 1 ,240.  36 

7.600  lbs.  4-in.  steel  wire  nails 224. 16 

8,700  lbs.  No.  10  galvanized  wire 220. 95 

30, 500  9-in.  treenails 72. 89 

146,000  6-in.  treenails 295. 80 

20,000  cords  brush 20.676. 07 

Steamers  and  tugs 4 ,  259.  50 

Miscellaneous 176,  83 

Provisions 6, 443. 09 

Pay  rolls,  services 21.759. 26 

Total $67,973. 81 

Cost  per  sq.  ft.  for  construction  cS.  mattress $      0 .  0347 
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The  item  of  20,000  cords  of  brush  given  in  the  foregoing  table  is  analyzed 
as  follows: 

Cutting  and  piling,  building  roadst  etc $11 , 273.  69 

Transportation  to  ways 8,467.  68 

Privilege  of  cutting  brush 034.  70 

Total $20,676.  07 

Cost  per  cord  delivered  at  ways $       1. 0338 

Six  sets  of  ways  were  built  and  their  cost  is  included  in  mattress  construc- 
tion.   Of  the  six  sets  the  cost  of  only  four  was  kept  in  detail,  as  follows : 

Lumber  and  nails $610. 00 

Labor  and  superintendence 380.  75 

Total $990.  75 

Average  cost  of  four  sets,  each $247.  69 

The  expense  of  towing  lumber  and  other  materials  for  mattress  construc- 
tion has  been  added  and  is  included  in  the  cost  of  sudi  materials  delivered  at 
the  site  of  the  work.  The  cost  of  towing  mattresses  from' the  places  where 
they  were  built  to  New  Orleans  is  given  below.  A  total  of  1,960,000  sq.  ft.  of 
mattress  was  towed,  of  which  505,500  was  from  Halpino  bar,  390  miles; 
315,000  from  Warrenton  bar,  360  miles;  300,000  from  Kempe  Island,  315 
miles,  and  839,500  from  Palmetto  bar,  237  miles.    The  cost  was  as  follows: 

Steamer  "Ramos,"  single  crew,  11  days,  at  $35.50....  $     379.50 

Steamer  "Ramos,"  double  crew,  43  days,  at  $58 2,494.  00 

Steamer  "Plaquemine,"  double  crew,  68  days,  at  $65 . . .     4,420.  00 
Tug  "Morganza,"  single  crew,  15  days,  at  $30.50 457.  50 

Total $7,751.  00 

Average  cost  per  sq.  ft.  for  towing $  0. 00395 

With  the  exception  of  some  slight  difficulties  caused  by  the  high  stage  of  the 
river  at  which  some  of  the  mattresses  were  simk,  work  proceeded  in  a  routine 
manner.    The  detailed  cost  was  as  follows: 

13,644.02  tons  rock $27,393. 67 

Lumber,  wire,  wire  nails,  etc 917.  66 

Steamers  and  tugs 3 , 473.  50 

Miscellaneous 153. 45 

Provisions 3,500.43 

Pay  rolls,  services 9 ,  153.  67 

Total $44,792. 28 

Cost  per  sq.  ft.  to  sink $    0. 02285 

Summarizing  the  field  cost  of  construction,  towing,  and  sinking  of  mattresses, 
we  have : 

Construction  of  mattress,  per  sq.  ft $0. 03470 

Towing  of  mattress,  per  sq.  ft 00395 

Sinking  of  mattress,  per  sq.  ft 02285 

Total  field  cost  per  sq.  ft.  in  place $0. 06150 

Proposals  for  furnishing  13,000  tons  of  rock  were  opened  Nov.  5,  1910,  and 
contract  awarded  for  delivery  on  railroad  cars  in  New  Orleans  at  $1.90  per  ton. 
The  cost  of  transferring  from  cars  to  barges  was  25  cts.  per  ton. 

A  summary  of  the  New  Orleans  work  is  as  follows:  A  total  of  7,860  lin.  ft. 
of  revetment  was  constructed,  of  which  2,765  lin.  ft.  on  the  Gretna  Front  was 
300  ft.  wide;  3,975  ft.  in  the  CarroUton  Bend  was  200  ft.  wide;  and  675  and  435 
ft  in  the  third  district  readi,  respectively,  300  and  200  ft.  wide.    This  woric 
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Involved  the  placing  of  1,960,000  sq.  ft.  of  mattress,  and  the  detailed  cost  of  it 
is  as  follows: 

Construction  of  mattress,  including  cost  of  ways $  67,973. 81 

Towing  of  mattresses 7, 751. 00 

Sinking  of  mattresses 44 ,  792.  28 

Installation 2, 141. 00 

Surveys .■ 275.  00 

Rock,  lumber,  etc.,  on  hand  for  future  construction 20,419. 89 

Repairs  to  plant 288. 17 

Care  of  plant 680. 78 

New  plant 2, 649.  38 

Office  and  administrative  expenses 5, 680. 17 

Total $162,651.48 

Deduct  value  of  material  on  hand  for  future  work 20,419. 89 

Qrpss  cost  of  season's  work $132,231.  59 

Deduct  repairs  and  care  of  plant,  new  plant  and  office  and  ad- 
ministrative expenses 9,298.  50 

Net  field  cost  of  season's  work $122 , 933.  09 

Gross  cost  per  sq.  ft.  for  mattress  in  revetment $        0. 0675 

Gross  cost  per  Hn.  ft.  for  revetment  200  ft.  wide 13 .  55 

Gross  cost  per  lin.  ft.  for  revetment  300  ft.  wide 21 .  09 

Net  field  cost  per  sq.  ft.  for  mattress  in  place  in  revetment. ....  0.0627 

Net  field  cost  per  lin.  ft.  for  revetment  200  ft.  wide 12. 58 

Net  field  cost  per.  lin.  ft.  for  revetment  300  ft.  wide 19 .  74 

Cost  of  Plan^  Mattresses. — These  are  used  whenever  cull  liunber  can  be 
procured  cheaper  than  brush.  They  are  woven  of  1  in.  boards,  4,  6  and  8  in. 
wide  and  10  to  20  ft.  long.  A  cheaper  construction  consists  in  merely  joining 
the  boards  by  nailing.  Plank  mats  have  been  built  and  successfully  sunk  in 
sections  150  ft.  wide  and  10,000  ft.  long.  Charles  W.  Durham  furnishes  the 
following  cost  data  in  Engineering  and  Contracting,  Aug.  13,  1913. 

For  a  30-ft.  wide  mat,  built  in  1911,  in  which  62,590  ft.  B.  M.  of  lumber  were 
used,  the  cost  of  1,969 lin.  ft.  was  as  follows: 

62,590  ft.  lumber  at  $10  per  M $625. 90 

438  hrs.  labor  at  1.75  per  day  of  8  hrs 95. 81 

280  lbs.  wire  at  3  cts 8. 40 

800  lbs.  10-penny  nails  at  $2.05  per  100  lbs 16. 40 

$746.  51 

or  $0,379  per  lin.  ft.     Had  the  mat  been  built  of  brush,  the  cost  per  lin.  ft. 
would  have  been  as  follows: 

1.7  cu.  yds.  brush  at  16^cts $0.  2847 

Labor  ^Hoo  day,  at  $1.75 , 0933 

Wire 0070 

$0. 3850 

This  shows  very  little  saving,  but  the  plank  mat  has  the  advantage  in  the 
less  number  of  material  barges  needed.  One  barge  will  carry  from  100  to 
120  M.  ft.  B.  M.  of  lumber,  an  equivalent  to  which  in  brush  would  require 
10  barges.  This  indicates  a  considerable  saving  >^hen  we  figure  the  value  of 
the  barges  at  $8.60  per  day. 

In  1912,  a  better  showing  was  made  in  work  done  in  the  vicinity  of  Hannibal, 
Mo.  It  was  found  that  in  a  mat  20  ft.  in  width,  1  cu.  yd.  of  brush  is  equiva- 
lent to  15.9  ft.  B.  M.  of  lumber,  or  in  other  words,  68  cu.  yds.  brush  equal 
1,000  ft.  lumber.  As,  however,  some  extra  pieces  are  used  in  the  30  and  40- 
ft.  lumber  mat^  60  cu.  yds.  brush  are  used  as  the  average  equivalwt  of  1,000 
91 
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ft.  of  lumber.  The  width  of  boaida  should  be  4,  6  and  8  iaa.  Boards  at  leea 
wMth  than  4  ins.  M-e  defldent  in  strength  and  those  at  greater  width  than 
8  loB.  leave  too  targe  spaces  and  a  consequent  waste  ot  email  cock,  it  tbe  stand- 
ard plan  ot  making  the  space  equal  to  tbe  width  of  tioard  Is  adhered  to.  The 
length  of  boards  is  an  important  factor  in  the  cost.  for.  the  longer  the  boards, 
the  less  cross  pieces,  less  nafling,  less  hainlling  and  moving  of  ways,  but  this 


advantage  may  be  wholly  or  in  part  offset  by  tlie  increased  cost  ol  tbe  longer 
lumber.  With  brush  at  21  cts.  per  yd.,  we  can  afford  to  pay  SI4.44  per  M.  ft. 
for  lumber,  for 

CoBt  per  Kn.  ft.  nsiia  in  20  ft.  lumber  mat »0. 0034 

Labor  coat  per  lin.  ft.  building  20-ft.  lumbu-  mat 0. 0412 

Labor  cMt  per  lin.  ft.,  Making  20-(t.  lumber  mat 0.0353 

10.0708 

Cuat  per  lin.  ft.  of  20-ft.  brush  mat  in  place 0. 0352 

Cost  per  Uq.  ft.  of  20-it,  brush  mat  la  place SO:  2S30 

AvwUble  for  lumber K.  2032 

At  14  ft,  per  Un.  ft.  this  Is  equivalent  to  tl*H  per  M. 

In  a  20  ft.  mat  there  are  H.0  ft.  B.  M.  of  lumber  or  0.88  cu.  yd,  bnuh  per 
Un.  ft.  It  WHS  also  found  that  within  practical  Limits  an  kncreaae  of  3  ft.  In 
length  warrants  paying  SI.25  more  [lerM.  lor  tbe  lumber.  Tbe  actuid  saving 
lnigi2of4.3cts.  per  Un.  ft.  of  mat  amounted  to  1051.24 for  the  13,820  ft.  of 
lumber  mat  buUt  In  the  vicinity  of  Hannibal,  Mo.  There  was  also  a  saving 
OD  the  barg«s  as  only  two  wore  leqidred  for  the  tain^Mr  aervloe,  while  to  hava 
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handled  an  equal  amount  of  brush  would  have  required  at  least  five  b»ges 
and  the  consequent  extra  towing.  • 

ComparatiYe  Cost  of  Board  Mat  and  Brush  Mattress  for'Riyer  Bank  Pro- 
tection.— ^In  1915  records  were  kept  by  the  U.  S.  Engineer  Oflace  at  Rock 
Island,  111.,  of  board  mat  and  brush  mattress  construction  which  are  quoted  by 
Engineering  and  Contracting,  June  14,  1916,  as  follows: 

The  average  quantities  required  per  square  (100  sq.  ft.)  of  apron  mat  were: 
66  ft.  B.  M.  lumber,  or  4.8  cu.  yd.  of  brush.  In  other  words,  13.75  ft.  B.  M. 
lumber  was  equivalent  to  1  cu.  yd.  of  brush.  The  cost  of  material  (on  barges) 
was:  Lumber,  $11.95  per  M  ft.  B.  M.  and  brush,  $0.24  per  cu.  yd.,  making  the 
initial  cost  per  square,  $0,789  for  lumber  and  $1,152  for  brush.  During  the 
same  season,  it  was  found  that  eight  laborers  could  construct  an  average  of 
120  squares  (12,000  sq.  ft.)  of  lumber  apron  mat  per  day,  while  with  brush 
the  average  was  75  squares  (7,500  sq.  ft.)  per  day.  The  best  day's  work  with 
twelve  laborers  was  180  squares  of  lumber  mat.  There  was  used  in  bank 
revetment  work  in  this  division  during  1915,  136,206  ft.  B.  M.  of  green  cull 
lumber,  made  up  of  elm,  willow,  cottonwood,  etc.  This  amount  was  carried 
on  two  standard  barges  (100  X  20  X  5  ft.),  whereas  the  average  barge  load 
of  brush  is  abput  400  cu.  yd.  Using  13.75  ft.  B.  M.  lumber  to  1  cu.  yd.  of 
brush,  the  above  136,206  ft.  B.  M.  of  lumber  would  be  equivalent  to  9,905 
cu.  yd.  of  brush,  which  would  make  approximately  25  barge  loads.  The  cost 
of  towing  the  above  amount  of  lumber  was  $40,  or  about  30  ct.  'per  thousand. 
The  cost  of  towing  the  equivalent  in  brush  fascines  at  4.2  ct.  per  cubic  yard 
was  $416,  which  shows  a  large  percentage  in  favor  of  limfiber.  Owing  to  the 
greater  buoyancy  of  a  brush  mat,  it  requires  more  than  twice  as  much  rode 
to  anchor  it  safely  on  the  bottom.  The  average  amount  of  rock  used  to  sink 
a  square  (100  sq.  ft.)  of  apron  mat  was:  For  lumber,  0.77  cu.  yd.;  for  brush 
fascines,  1.70  cu.  yd.  The  following  tables  give  the  comparative  costs  of 
lumber  and  brush  fascine  apron  mats  for  season  1915: 

Cost  of  Bbush  Fabcinb  Mat,  1,000  Ft.  Long,  30  Ft.  Widb  (300  Squabbs) 

Brush.  1,440  cu.  yd.  at  24  cts $     345. 60 

Rock,  510  cu.  yd.  at  85  cts 433.  58 

Towing  brush,  1,440  cu.  yd.  at  4.2  cts 60. 40 

Towing  rock,  510  cu.  yd.  at  21  cts 107. 10 

Labor  constructing  mats,  8  laborers  4  days  at  $1.75  per  day 56.  00 

Labor  sinking  mat,  510  cu.  yd.  rock  at  4  cts '  20.  40 

Wire,  80  lb.  at  3  cts 2. 40 

Total ,. $1 ,025. 48 

Cost  of  Lumbeb  Mat,  1,000  Ft.  Long,  30  Ft.  Wide  (300  Squabbs) 

Lumber,  19,800  ft.  B.  M.  at  $11.95  per  M $    236.  61 

Rock,  231  cu.  yd.  at  85  ots 196.  35 

Towing  lumber.  19,800  ft.  B.  M.  at  30  cts.  per  M 5. 94 

Towing  rock,  231  cu.  yd.  at  21  cts 48.  51 

Labor  constructing  mat,  8  laborers  2}4  days  at  $1.75  per  day 35. 00 

Labor  sinking  mat,  231  cu.  yd.  of  rock  at  4  cts, 9. 24 

Nails,  4  kegs  at  $2.05  and  25  lb.  wire  at  3  cts 8. 95 

Total $    540. 60 

The  above  shows  a  balance  of  $484.88  in  favor  of  lumber  mat  (300  squares) 
of  $1.62  per  square. 

Cost  of  Concrete  Paved  Bank  Revetment>=^This  is  described  in  Engineer- 
ing and  Contracting,  March  20,  1918,  being  an  abstract  of  a  paper  by  G.  C. 
Ha'ydQa  iu  ProfeislODal  Memoirs.    Injthis  caseji.departure  from  the  standard 
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form  of  brush  mattress  construction  waa  made  which  consisted  in  paying  tim 
upper  bank  with  a  4-in.  layer  of  reinforced  concrete  slabs  instead  of  brokea 
stone,  and  the  protection  of  subaqueous  willow  mattress  for  about  10  ft.  wkl& 
from  the  shore  edge  with  reinforced  concrete  bloclos  connected  to  the  solid 
upper  pavement. 

The  plant  used  on  the  work  consisted  of  the  following:  One  double-decked 
quarterboat  with  a  capacity  of  housing  from  60  to  70  laborers  and  nece^ai; 
foremen,  1  hydraulic  grader,  1  mattress  barge,  1  barge  for  concrete  miier 
plant,  6  material  barges,  and  1  tow  boat.  The  working  plant  was  supf^ 
mented  by  an  8-in.  suction  pmnp,  installed  on  a  material  barge,  for  procuring 
gravel.    The  value  of  this  plant  is  estimated  at  $60,000. 

The  principal  material  used,  which  was  procured  locally  and  delivered  by 
barge,  consisted  of  willow  brush  at  $1.60  -pei  cord;  stone  at  $0.68  per  cubic 
yard,  and  sand  and  gravel  at  $0.08  per  cubic  yard;  manufactured  material 


^yafy.  strand _y^\ 
Ga/ir.wire  ^•ndn^iZI'if^iJs 


FiQ.  3. — Cross  section  of  combination  concrete  and  willow  mattress. 


delivered  by  freight  consisted  of  ^-in.  galvanized  strand  at  $0.71  per  linear 
foot;  50-in.  galvanized  woven  fence  wire,  for  the  paving,  at  $0.06  per  linear 
foot;  22-in.  fence  wire,  for  blocks,  at  $0.03  per  linear  foot;  Imnber,  for  forms, 
at  $22  per  M.  B.  M.,  and  Portland  cement  at  $0.75  i)er  barrel  (f.  o.  b.  factory). 

The  bank  is  graded  by  the  hydraulic  method  to  1  on  3,  which  gives  a  length 
of  slope  from  42  to  54  ft.  according  to  height  above  standard  low  water,  which 
also  determines  the  length  of  a  slab. 

After  the  bank  is  graded  the  continuous  mattress,  86  ft.  wide,  is  woven  of 
bar-growth  willows,  from  H  to  2  in.  in  diameter  at  the  butt  end  and  10  to  25 
ft.  long.  The  header,  about  12  in.  in  diameter,  is  formed  by  lapped  bundles 
of  willows  bound  together  to  the  desired  width  of  mattress,  by  ^-in.  strand. 
The  stitch  is  then  started  by  inserting  single  willows  into  the  bundle  at  as 
angle  of  about  45°,  from  one  end  of  the  header  to  the  other;  then  the  willows 
are  inserted  at  the  same  angle  to  the  reverse  direction,  the  last  willow  inserted 
being  on  top.  This  makes  the  weaving  of  a  continuous  over  process,  the  stitch 
having  an  over  and  imder  appearance.  The  willows  are  placed  in  sudi 
numbers  and  closeness  of  weave  as  to  make  a  mattress  12  in.  thick.  As  the 
weaving  progresses  a  selvage  is  made  along  each  side  of  the  mattress  by  turn- 
ing in  the  tops- of  the  outer  willows,  or  an  equally  good  selvage  (known  as  the 
"  sidewalk")  is  made  by  platting  willows,  longitudinally  along  the  edges. 
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The  mattress  is  strengthened  ^y  a  longitudinal  and  cross  system  of  f^-in. 
in  diameter  galvanized  strand.  The  longitudinal  system  for  an  86-ft.  mattress 
consists  of  6  pairs  of  strands,  spaced  as  required,  each  pair  consisting  of  1 
strand  underneath  and  1  strand  on  top  of  the  mattress.  The  cross  systems 
are  in  pairs,  one  underneath  and  1  on  top,  spaced  16H  ft.  apart.  At  each 
intersection  of  the  2  strands  underneath  and  the  2  strands  on  top,  all  4  are 
drawn  together  tightly  with  a  Ke-in.  U-shaped  cUp,  after  all  the  slack  has 
been  taken  out  of  the  strands  by  block  and  tackle.  The  head  of  the  con- 
tinuous mattress,  or  any  section  of  mattress,  is  anchored  by  3  pairs  of  strands 
fastened  to  the  respective  longitudinal  strands,  1  pair  4  ft.,  1  pair  16  ft.,  and 
the  remaining  pair  of  46  ft.  back  from  the  outer  comer  and  run  ashore  at  45° 
angle  with  the  upper  edge  of  the  mattress  and  fastened  to  deadmen  50  ft.  back 
from  the  edge  of  the  bank.  The  continuous  mattress  is  anchored  to  the  bank 
by  each  pair  of  cross  strands  carried  up  the  slope  and  fastened  to  a  deadman 
placed  8  ft.  back,  and  4  ft.  below  the  top  of  slope. 

The  mattress  was  weighted  down  with  one-man  stone  sufficiently  to  make  it 
sink  into  close  contact  with  the  river  bed,  after  which,  the  concrete  paving 
was  placed. 

The  statement  given  below  contains  only  field  expenditures  with  the  cost 

divided  as  follows: 

Per  lin.  ft. 

Grading  bank .  $0.  55 

Weaving  mattress 1.  98 

Concrete  blocks  in  place 1.16 

Ballasting  mattress 1.13 

Concrete  paving 2. 76 

Total,  per  linear  foot $7. 58 

As  two  other  pieces  of  this  tsrpe  of  revetment  have  since  been  completed 
under  similar  conditions,  their  costs  are  given  here  for  general  comparison, 
and,  to  a  certain  extent,  permit  the  establishment  of  a  proper  basis  for 
estimates. 

Marthasville  Bend:  11,960  ft.  at  $8.05  per  linear  foot,  completed  Nov.  25, 

1914.    The  cost  was  as  follows: 

Per  lin.  ft. 

Grading  bank $0. 84 

Weaving  mattress 1 .  85 

Concrete  blocks  in  place 1.  56 

Ballasting  mattress .83 

Concrete  paving 2. 97 

Total,  per  linear  foot S8. 05 

Dewey  Bend:  7,215  ft.  at  $8.13  per  linear  foot,  completed  Dec.  17,  1915. 

The  cost  of  this  was  as  follows: 

Per  lin.  ft. 

Grading  bank $0. 67 

Weaving  mattress * 2. 31 

Concrete  blocks  in  place*. 1.45 

Ballasting  mattress 1 .  22 

Concrete  paving 2. 48 

Total,  per  linear  foot S8. 13 

Additional  data  on  the  cost  of  this  work  are  given  by  Lt.  Col.  J.  F.  Mclndoe, 
Corps  of  Engineers,  as  an  addendimi  to  Mr.  Haydon's  article.  These  figures 
follow: 
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Bates  Island  Bend:  The  cost,  per  square  (100  sq.  ft.)  of  the  comi^ted 
concrete  paving  of  upper  bank,  was  $6.59;  and  of  subaqueous  work,  was  $4.65, 
of  which  $2.31  was  cost  of  mattress,  $1.34  the  cost  of  concrete  blocks,  and  $1 
the  cost  of  ballast.  The  quantities  and  unit  costs  of  materials  for  ea<di  square 
were  approximately  as  follows: 

Upper  bank  work — 

Grading,  33  cu.  ^d.  i^t  $0,025  per  cubic  yard. 

Concrete  for  paving,  1.24  cu.  yd.  at  $4.52  per  cubic  yard. 
Subaqueous  work — 

Brush  for  mattress,  .6  cord,  at  $1.59  per  cord  on  barge. 

Stone  for  ballast,  .8  cu.  yd.,  at  $0.67  per  cubic  yard  on  barge. 

Concrete  blocks,  24,  at  $0.28  each. 

Strand  for  mattress,  9.2  lb.,  at  $0,085  i>er  pound. 

Clips  for  mattress,  3  lb.,  at  $0.06  per  pound. 

Marthasville  Bend :  The  cost,  per  square  (100  sq.  ft.)  of  the  completed  upper 
bank  paving,  was  $7.17;  and  of  subaqueous  work,  was  $4.86,  of  which  $2.12 
was  cost  of  mattress,  $1.70  the  cost  of  concrete  blocks,  and  $0.95  the  cost  of 
ballast. 

The  quantities  and  unit  costs  of  materials  for  each  square  were  i^proxi- 
mately  as  follows: 

Upper  bank  work — 

(trading,  33  cu.  3rd.,  at  $0,046  per  cubic  yard. 

Concrete  for  paving,  1.24  cu.  yd.,  at  $4.57  per  cubic  yard. 
Subaqueous  work — 

Brush  for  mattress,  .7  cord,  at  $1.58  per  cord  on  barge. 

Stone  for  ballast,  .7  cu.  yd.,  at  $0,693  per  cubic  yard  on  huge. 

Concrete  blocks,  25,  at  $0,313  each. 

Strand  for  mattress,  9.2  lb.,  at  $0,085  per  pound. 

Oips,  .3  lb.,  at  $0.06  per  pound. 

Dewey  Bend:  The  cost,  per  square  (100  sq.  ft.)  of  completed  upper  bank 
paving,  was  $6.55;  and  of  subaqueous  work,  was  $5.80,  of  which  $2.69  was 
cost  of  mattress,  $1.69  the  cost  of  concrete  blocks,  and  $1.42  the  cost  of  ballast. 

The  quantities  and  unit  costs  of  materials  for 'each  square  were  approxi- 
mately as  follows: 

Upper  bank  work — 

(trading,  29  cu.  3rd.,  at  $0,048  per  cubic  yard. 

Concrete  for  paving,  1.24  cu.  yds.  at  $4.08  per  cubic  yard. 
Subaqueous  work — 

Brush  for  mattress,  .56  cord,  at  $1.96  per  cord  on  barge. 

Stone  for  ballast,  .86  cu.  yd.,  at  $0.86  per  cubic  yard  on  barge. 

Concrete  blocks,  25,  at  $0.21  each. 
'  Strand  for  mattress,  9.2  lbs.,  at  $0,085  per  pound. 

CUps  for  mattress,  .3  lb.,  at  $0.06  per  pound. 

Concrete  Slab  for  Bank  Protection. — Where  the  bottom  consists  of  material 
not  washable  by  the  force  of  the  current,  concrete  has  been  successfully  used 
on  the  Southern  Pacific  Ry.  ior  protection  of  their  fills. 

Engineering  and  Contracting,  Feb.  14, 1912,  gives  the  following  data  on  such 
a  protection  (Fig.  4; .  The  slab  is  6  ins.  thfck  and  is  reinforced  at  the  center  with 
wire  netting.  In  one  case  where  it  was  put  on  a  new  fill  which  settled  badly, 
the  concrete  did  not  pull  apart  and  did  not  allow  the  water  to  wash  the  fill, 

A  slab  containing  376  square  yards  was  constructed  as  follows:  Tlie  bank 
was  sloped  IH  to  1,  and  12  X  18  in.  trench  was  dug  along  the  foot  of  the 
slope.  This  trench  was  filled  with  concrete  embedding  the  ends  of  tbe  strips 
of  mesh  reinforcement.  A  strip  of  reinforcement  was  then  stretched  up-bank 
■md  its  edges  were  clamped  by  forms  as  shown  by  Fig.  4.     Braces  driv«i 
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between  the  edge  forms  made  the  mesh  taut,  and  the  forms  held  it  3  ins.  dear 
of  the  slope  surface.  The  space  between  forms  was  next  concreted,  the  forms 
serving  as  templets  for  thickness  of  slab.  When  the  concrete  had  hardened 
the  forms  were  removed  leaving  a  4-in.  selvage  of  mesh  projecting  beyond  the 
slab  edges.  The  next  strip  of  mesh  but  one  was  then  stretched  and  concreted 
and  so  on  completing  alternate  sections  of  the  slab.  The  intermediate  sections 
were  constructed  by  stretching  the  strip  of  mesh  up-bank  and  wiring  its  edges 
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FiQ.  4. — Reinforced  oonorete  slab  for  bank  protection,  Southern  Pacific  Ry.  Co. 


to  the  selvage  edges  projecting  from  the  completed  slabs,  and  by  concreting 
the  open  spaces.    The  cost  of  the  376  square  yards  of  slab  was  as  follows: 


Materials: 


2  rolls  fence  wire,  50  rods,  at  45  cts.  i>er  rod $  22.  50 

82  cu.  yds.  gravel  and  sand  at  30  cts 24.  60 

82M  bbls.  cement  at  $1.70. 140. 25 

Total  material. .-. $187. 35 

Labor: 

Building  mixing  platform $  11.  50 

Unloading  gravel 25. 00 

Unloading  cement 10.  50 

Putting  up  forms  and  wire 116.  50 

Placing  concrete 1 19. 00 


Revetment,  per  sq. 
yd. 

$0. 0598 
0. 0654 
0. 3731 


$0. 4983 

SO. 0305 
0.0666 
0. 0279 
0.3099 
0.3165 


Total  labor $282.  50         $0.  7513 

Total  materials  and  labor $469. 85         $1. 2496 
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The  work  was  done  by  a  gang  of  eleven  men  working  10  hours  per  day  at 
the  following  daily  wages:  One  foreman,  $4.50;  one  concrete  mason,  $3.25; 
six  laborers,  each,  $2.25,  and  three  laborers  at  $2.50. 

Cost  of  Riprapping  Embankment  with  Wire  Bags. — ^The  followinfir  is 
abstracted  by  Engineering  and  Contracting,  Feb.  12,  1919,  from  an  account 
by  L.  E.  Foster  in  the  Reclamation  Record. 

On  certain  work  the  toe  of  an  embankment  had  to  be  protected  against 
water  velocities  of  from  5  to  16  sec.  ft.  Wire  bags  were  used,  composed  of  two 
15  ft.  sections,  5  ft.  wide  and  two  5  ft.  sections,  2H  ft.  wide,  sewed  together 
with  No.  12  wire.  Ties  were  at  6-in.  intervals.  Galvanized  wire  was  used. 
The  weight  of  wire  per  bag  was  70  lb.  The  capacity  of  the  bag  was  4.63 
cu.  yd. 
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FiQ.  5. — Sections  of  dike  showing  method  of  placing  wire  bags,  and  details  of 

wire  bag  and  tool  lor  its  manufacture. 


The  bag  material  was  cut  and  sewed  in  the  shop  into  the  developed  form 
shown  in  the  right-hand  comer  of  the  drawing,  then  folded  together  flat,  and 
hauled  to  the  work.  The  bags  were  then  sewed  into  rectangular  form  with 
the  lid  loose.  The  bags  were  set  in  a  horizontal  row  in  place  and  filled  directly 
from  the  rock  wagons.  The  labor  of  filling  the  bags  proved  to  be  less  than  to 
lay  riprap  of  the  same  thickness. 

Care  was  taken  to  have  all  rock  next  to  the  wire  mesh  of  greater  dimensions 
then  6  by  6  in.  Since  this  is  a  relatively  small  sized  rock,  much  rock  is  avail- 
able for  bag  work  and  would  be  too  small  for  riprap. 

After  the  bags  were  level  full  the  top  was  closed  down  and  sewed  securely 
on  the  front  and  two  sides.  The  bags  were  also  tied  to  each  other  along  these 
edges,  thus  forming  a  continuous  mat.  Quarrying  and  loading  on  this  job 
was  charged  to  another  feature  as  excavation. 

Besides  the  181  bags  placed  on  spillway  No.  1,  78  bags  were  placed  as  pro- 
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tection  at  the  toe  of  spillway  No.  2.    The  costs  ^yen  below  are  ba^ed  on  a 
total  of  259  bags. 

Material  required  per  bag. 
31  lin.  ft.  of  60-in.  wire  mesh. 
11  lin.  ft.  of  30-in.  wire  mesh. 
5  pounds  No.  12  tie  wire. 

Cost: 

Cost  per  sq.  ft.,  including  tie  wire $0. 0229 

Weight  i>er  sq.  ft.,  including  tie  wire,  lb 0.  38 

Weight  per  bag  (182.5  sq.  ft.),  including  tie  wire,  lb 75. 4 

Cost  per  bag  (material  only) $4.  20 

Detail  costs: 

Material  for  bags $4. 20 

Manufacture  of  bags  ready  for  placing 905 

Placing  and  filUng  bags 1 .  125 

Closing  bags  and  sewing 446 

Total  unit  cost  per  bag $6.  676 

Cost  of  rock  hauhng  for  bag  work,  per  cu.  yd $0. 17 

Cost  of  wire  bag  work,  per  cu.  yd $1 .  681 

Cost  of  Rebuilding  the  Jetties  at  Humboldt  Bay,  California. — This  is 
described  by  Morton  L.  Tower  in  Professional  Memoirs  for  Sept.-Oct.,  1913. 
The  following  information  is  taken  from  an  abstract  of  Mr.  Tower's  article  in 
Engineering  and  Contracting,  Oct.  8,  1913. 

The  jetties  as  originally  built  (1887-1899)  were  constructed  by  depositing 
stone  ranging  in  size  up  to  pieces  of  10  tons  from  pile  trestles;  the  method 
generally  used  on  the  North  Pacific  Coast.  The  effect  of  the  severe  surf  on 
these  jetties  has  been  to  cause  subsiding  of  the  outer  ends  of  the  work,  prin- 
cipally by  reduction  of  slopes  and  by  displacing  the  top  stone.  The  smaller 
pieces  of  stone  have  been  washed  away  and  some  disintegration  of  the  stone 
has  occurred.  The  mass  has  also  settled  into  the  bottom  to  some  extent. 
Attrition  by  the  sand-laden  water  is  a  source  of  possible  loss,  considering  the 
total  amount  of  surface  exposed.  In  order  to  keep  the  channel  ox)en  it  was 
imperative  to  rebuild  the  jetties. 

The  desirabiUty  of  lising  large-sized  stone  is  a  factor  in  jetty  maintenance 
which  has  been  well  established  by  experience  at  all  the  North  Pacific  Coast 
harbors.  In  planning  this  work  it  was  decided  that  the  limiting  size  should  be 
20  tons.  It  was  also  considered  desirable  that  these  stones  be  lowered  to  place 
to  avoid  breaking  them  or  the  stone  they  fell  on,  which  often  occurs  when  stone 
is  deposited  by  dumping  from  cars  on  an  elevated  track.  The  use  of  an  un- 
loading crane  also  permits  the  placing  of  stone  in  a  selected  position  in  the 
jetty,  which  cannot  be  done  when  it  is  dumped  from  a  tramway. 

All  the  quarries  adjacent  to  Humboldt  Bay  are  at  a  considerable  distance 
from  the  navigable  channels,  thus  rendering  rail  transportation  essential  from 
the  quarry  to  tide  water.  The  quarry  used  is  seven  miles  from  the  nearest 
landing. 

The  largest  single  item  of  plant  involved  in  the  construction  is  the  cars. 
It  was  deemed  that  it  would  be  cheaper  in  the  end  if  these  were  of  standard 
design  and  hence  salable  when  the  work  was  completed. 

A  tramway  of  sufficient  strength  to  carry  a  20-ton  crane  and  standard  40-ton 
railroad  equipment  is  necessarily  much  heavier  and  more  expensive  than  the 
jetty  tramways  used  idong  the  Oregon  and  Washington  coasts,  where  narrow 
gage,  special  dump  cars  are  used. 
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The  storms  of  many  years  had  beaten  the  old  enrockment  into  a  compact 
mass,  such  that  it  would  have  been  impossible  to  drive  piles  into  it,  and  for  a 
tramway  it  would  have  been  necessary  to  place  a  portion  of  the  piles  of  each 
bent  in  the  sand  to  give  it  any  lateral  stability. 

The  estimated  cost  of  a  suitable  trestle  is  as  follows: 

Six-pile  bents  14  feet  apart  with  two  lines  of  10  by  18-in.  stringers  tinder 
each  rail  and  6  by  8-in.  ties.    Rails  to  be  28  ft.  above  mean  low  water. 

Material. 

6  piles,  each  50  ft.  long,  300  lin.  ft  at  15  cts $  45. 00 

3,500  ft.  B.  M.  lumber,  at  $20  per  M.  ft 70.  00 

170  lbs.  bolts,  nuts  and  washers,  at  3  cts.  per  lb 5.  10 

2  rail  Joints,  at  $3  each 6. 00 

1,120  lbs.  rails,  at  2H  cts.  per  lb 28. 00 

107  lbs.  nails  and  spikes,  at  5  cts.  per  lb 5. 35 

Material  for  14  ft $159. 45 

Material  for  1  ft Sll. 39 

Labor,  fuel  and  supplies,  per  day,  $59. 

Rate  of  progress  (estimated  2  bents,  28  ft.),  cost  per  ft. .  2. 11 

Plant  Rbquxskd 

1  revolving  driver,  complete $20,000 

1  supply  and  material  car 5 ,  000 

3  flat  cars,  at  $600 1 ,  800 

Material  yard  platforms 5, 000 

For  9,000  lin.  ft.  tramway $31 ,800 

Plant  charge  per  foot S  3 .  53 

Cost  per  foot Sl7. 03 

In  addition  to  the  cost  of  the  tramway  over  the  actual  length  of  the  jetty 
to  be  rebuilt,  about  9,000  ft.,  it  would  have  been  necessary  to  raise  the  short 
tracks  across  the  sand  on  a  short  trestle,  amounthig  in  all  to  about  7.000  lin. 
ft.  at  an  estimated  cost  of  $10  per  foot.  While  the  cost  of  the  shore  track  at 
elevation  12  has  been: 

For  labor $1. 13 

For  rails,  spikes  and  ties 2.  50 

Cost  per  foot $3.  63 

The  low  elevation  for  the  shore  tracks  possible  with  the  system  used  has 
therefore  effected  a  total  saving  of  $44,590  over  the  cost  of  the  shore  trestle 
necessary  to  reach  a  tramway  24  to  28  ft.  above  low  water  at  the  ocean  beach 
line. 

The  desirability  of  making  full  use  of  the  existing  enrockment  with  its 
established  slopes  and  compact  mass,  as  well  as  the  advantage  of  having  a 
thoroughly  stable  foundation  for  the  stone  unloading  crane,  and  the  high  cost 
of  the  tramway  of  sufficient  strength  to  permit  the  use  of  the  large  stone  pro- 
posed, were  the  conditions  which  led  to  the  adoption  of  the  concrete  cap. 

The  main  idea  of  the  concrete  is  to  hold  the  track  when  the  jetty  is  swept 
by  waves.  The  only  portions  of  the  structure  that  will  float  are  the  ties,  and 
these  are  firmly  imbedded  in  concrete  and  held  in  place.    A  further  advantage 
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of  the  concrete  cap  method  is  that  the  ties  are  the  only  portion  of  tiie  structure 
which  is  not  of  a  i>ermanent  nature  and  an  addition  to  the  value  of  the  struc- 
ture as  a  jetty.  The  concrete  top  on  the  crest  of  the  structure  will  greaXlj 
retard  the  unrayeling  action  of  the  waTes,  and  when  finally  broken  up  by  the 
settlement  and  washing  away  of  the  rock  slopes  it  will  still  be.of  value  as  jetty 
material. 
The  cost  of  the  concrete  cap  and  tracks  has  been: 


For  labor $  2. 86 

4}i  tons  class  3  stone  in  voids  of  jetty  enrockment .  $6.  75 

2  tons  of  class  4  stone 3. 00 

.95  bbls.  cement 2. 00 

Total  concrete  material .'  $11. 75 

60  ft.  B.  M.  lumber,  at  $14  per  M $0. 70 

Fuel,  oil,  repairs,  etc 66 

1.86 

$15. 97 


Raila  and  joints  (recoverable) 2. 13 

Total  cost  per  linear  foot $18. 10 


Some  loss  of  freshly  laid  concrete  has  occurred  when  it  has  been  exposed  to 
severe  wave  action  within  four  or  five  hours  after  placing.  This  loss  has  not 
been  sufficiently  great  to  add  materially  to  the  cost.  One  severe  storm  carried 
away  25  ft.  of  the  outer  end  of  the  track,  but  to  all  appearance  the  damage  was 
caused  by  imraveling  the  enrockment  which  allowed  the  concrete  to  break 
down. 

The  above  costs  Include  the  cost  of  portions  of  track  lost  by  wave  wash 
before  the  concrete  had  time  to  set,  amounting  to  1  per  cent. 

The  plant  cost  for  the  concrete  method  had  been: 


One  concrete  mixer,  complete,  with  boiler  and  engine $1 ,  500 

One  flat  car 600 

Tanks  and  small  tools 250 

Labor  assembling  plant 200 

Total $2,550 

Cost  per  ft.,  for  one  jetty,  53  ots. 


Construction  Methods. — The  method  of  construction  is  as  follows:  The 
enrockment  is  first  brought  to  an  elevation  averaging  2  ft.  below  the  finished 
grade  with  Class  2  stone;  pieces  weighing  from  1,000  lbs.  to  10  tons.  None 
of  the  pieces  of  Class  2  stone  are  allowed  to  project  above  6  ins.  below  grade — 
the  bottom  of  the  ties.  Voids  in  the  mass  are  then  filled  with  Class  3  stone, 
pieces  weighing  from  3  lbs.  to  500  lbs.,  and  the  top  is  leveled  off  at  from  IS  to 
10  ins.  below  grade.  Holes  are  chocked  by  hand-placed  stone.  A  rough 
form  is  made  by  tying  wale  pieces,  6  X  8  in.  X  20  ft.  ties,  together  with  wires 
5  ft.  apart,  and  nailing  to  them  short  vertical  boards  with  bottoms  in  contact 
with  the  rock.  A  rock  dam  is  built  at  the  front  end  of  the  form.  Concrete 
Is  mixed  rather  dry,  deposited  with  a  1  cu.  yd.  self -dumping  and  self-righting 
bucket,  handled  by  the  stone^unloading  crane.    The  concrete  is  brought  to 
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within  an  inch  or  so  of  the  bottom  of  the  ties.  The  end  tie  is  brought  to 
grade,  the  crane  rails  laid,  and  the  ties  placed  and  spiked.  Concrete  is  then 
continued  to  the  top  of  the  ties. 

The  concrete  mixer  is  mounted  on  the  end  of  a  standard  flat  car,  the  dis- 
charge shoot  deUvering  over  the  end.  Mixing  water  is  supplied  by  gravity 
from  a  tank  on  the  opposite  end  of  the  car.  Oil  fuel  is  supplied  by  gravity 
from  a  tank  near  the  water  tank.  The  oil  and  water  .tank  also  supply  the 
stone  unloading  crane.  Oil  is  pumped  and  water  flows  by  gravity  to  the 
crane  supply  tanks.  Cement  for  a  day's  operation  is  carried  on  the  concrete 
mixer  car.  The  concrete  is  machine  mixed  in  a  Foote  Batch  Mixer  of  21  cu. 
ft.  capacity,  end-discharge  type,  steam  driven. 

At  the  outer  end  of  the  jetty  there  are  two  working  tracks.  All  material 
and  equipment  are  regulation  master-car  builders'  pattern  and  dimensions. 
The  tracks  are  14  ft.  7^4  ins.  center  to  center.  When  in  operation  the  concrete 
mixer  car  occupies  the  left-hand  track,  and  the  car  containing  the  aggregate 
the  right-hand  track.  A  working  movable  platform  fills  the  space  between  the 
cars,  leaving  about  1  in.  clearance  over  the  stake  pockets.  The  elevation  of 
the  platform  is  the  same  as  that  of  the  car  decks.  The  aggregate  is  shoveled 
directly  from  the  cars  into  the  charging  skip  and  a  large  barrow.  The 
charging  skip  is  marked  by  a  row  of  rivets  at  the  height  containing  the 
charge  required.  In  order  to  work  a  sufficient  number  of  shovelers  to  keep  the 
depositing  bucket  in  motion  it  was  f  oimd  necessary  to  provide  a  greater  length 
than  was  possible  by  shoveling  into  the  skip  alone.  A  two-wheel  barrow, 
running  on  rails  and  holding  about  15  cu.  ft.,  was  mounted  on  the  mixer  car. 
This  allows  the  charging  shovelers  to  be  distributed  over  the  whole  length 
of  a  standard  flat  car. 

The  most  economical  crew  for  depositing  concrete  is  eight  laborers  charging 
aggregate,  one  laborer  charging  cement  and  one  engineman  operating  mixer. 
The  concrete  is  placed,  spread,  and  tamped  by  the  regular  stone  unloading 
crew,  consisting  of  engineman,  four  laborers  and  the  foreman.  This  crew 
will  generally  build  a  section  of  track  18  to  20  ft.  in  length  in  2  hours  and  15 
minutes,  including  the  construction  of  forms  and  placing  ties  and  rads. 

Under  the  specifications  for  the  material  the  contractors  are  allowed  to 
supply  either  broken  stone,  crusher  run,  or  unscreened  river  gravel  for  aggre- 
gate. The  material  supplied  is  tested  for  proportioning  in  the  following 
manner:  The  aggregate  as  delivered  is  screened  and  the  portion  passing  a 
plate  containing  K-in.  diameter  holes  is  considered  sand,  and  the  balance 
stone.  If  necessary,  sand  is  added  to  form  a  mixture  corresponding  to  a  1 : 2  V^ : 
5^i.  The  gravel  supplied  contains  rather  larger  proportion  of  sand  than  Is 
required.  When  broken  stone  is  delivered  it  is  necessary  to  add  about  16 
lbs.  of  sand  jter  100  lbs.  of  aggregate  as  received. 

Stone  for  the  work  is  supplied  under  contract  by  the  Hammon  Constnictioa 
Company  at  the  following  prices: 

Per  ton 

Class  1 $1.74 

Class  2 1.56 

Class  3 1.60 

Class  4 1.50 

The  following  is  taken  from  the  specifications  under  which  the  stone  is 
being  supplied; 
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Deaeripti&na  of  Material. — Class  1  Stone.  To  be  of  large  pieces  only, 
weighing  from  10  tons  to  20  tons  each  piece.  These  stones  will  be  used  for 
slopes  on  the  outer  end  of  the  work,  and  none  will  be  received  imtil  the  jetty 
repairs  have  been  extended  2,300  ft.  frcnn  the  high  water  shore  lines.  Delivery 
of  this  stone  will  be  required  up  to  500  tons  per  day  when  work  is  in  progress 
on  the  outer  ends  of  both  jetties.  Stone  of  Glass  1  will  be  loaded  directly  on 
the  flat  car  without  the  use  of  skips. 

Class  2  Stone.  To  be  in  pieces  of  1,000  lbs.  each  to  pieces  of  lOtonseach, 
in  the  following  proportions: 

One-fourth  of  each  day's  supply  may  be  in  pieces  of  1,000  lbs.  to  pieces  of 
3  tons;  one-half  of  each  day's  supply  must  be  in  pieces  of  from  3  tons  to  6 
t<His  each;  and  one-fourth  of  each  day's  supply  must  be  in  pieces  from  6  to  10 
tons  each. 

This  dass  of  stone  will  form  the  major  portions  of  the  repairs  to  the  jetties. 
It  is  expected  that  the  delivery  required  will  not  be  less  than  1,000  tons  per 
day  after  the  work  has  been  well  commenced  on  both  jetties,  and  about  600 
tons  per  day  for  the  first  season's  work. 

Stones  of  Class  2,  when  in  pieces  under  6  tons  each,  must  be  loaded  on  suit- 
able skips  holding  up  to  10  tons  of  stone  each.  Skips  will  be  strong  and 
designed  for  lifting  at  the  four  corners.  Four  comer  hooks  will  be  provided 
on  each  skip  for  the  convenient  attachment  of  the  unloading  crane  spider 
chain.    Skips  will  be  kept  in  good  working  order  by  the  contractor. 

Class  3  Stone.  Will  be  used  only  for  bringing  the  top  of  the  rough  mound  to 
a  nearly  smooth,  tight  surface  and  for  concrete  displacers.  It  will  be  in  pieces 
not  less  than  3  lbs.  nor  more  than  500  lbs.  each,  delivered  oiTBkips  similar  to 
those  above  described.  Stone  of  Class  1  or  Class  2  must  not  be  loaded  on 
oars  carrying  stone  of  Class  3.  Stone  of  Class  3  will  be  used  in  decreasing 
amount  as  the  jetties  are  extended.  From  120  tons  per  day  at  the  commence- 
ment of  the  work  to  about  10  tons  per  day  when  the  outer  end  of  the  work  is 
reached. 

Class  4  Stone.  Will  be  used  for  making  concrete.  It  may  be  clean  crusher 
nm  of  the  same  rock  as  used  for  the  other  cdasses,  or  a  good  selected  or  washed 
river  gravel  may  be  used.  It  must  vary  in  size  from  pieces  with  greatest 
dimension  not  more  than  3  ins.  to  the  finest  product  of  the  crushers.  If  river 
gravel  be  used,  it  must  be  thoroughly  washed,  all  organic  matter  of  any  nature 
removed,  and  screened,  if  necessary,  to  exclude  pieces  greater  than  3  ins. 
largest  dimension.  Either  gravel  or  stone  must  be  of  hard,  durable  rock  which 
will  not  disintegrate  in  the  finished  work. 

Broken  stone  or  gravel  will  be  loaded  on  flat  cars,  provided  with 
suitable  sides.  The  amoimt  required  will  vary  from  about  70  tons  per  day 
during  the  first  part  of  the  work  to  8  tons  per  day  for  the  outer  ends  of  the 
jetties. 

The  larger  portion  of  the  stone  supplied  is  a  close-grained  igneous  rock, 
weighing  about  108  lbs.  per  cu.  ft.  It  is  very  difficult  to  quarry,  breaking  into 
very  imeven  fragments.  However,  by  proper  manipulation,  a  minimum  of 
waste  is  secured  and,  as  there  is  no  covering  soil  to  be  contended  with,  the 
quarry  is  very  satisfactory. 

A  second  stone  supply  from  the  same  vicinity  is  a  close-grained  metamorphic 
sedimentary  rock  with  irregular  planes  of  division  of  argillaceous  material. 
This  atone  weighs  167  lbs.  i)er  cu.  ft.  and  is  easily  worked.  On  account  of  the 
seams  and  a  considerable  covering  of  soil,  which  cause  a  large  amount  of 
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waste,  it  has  not  been  found  advantageous  to  iumish  any  considerable  quan- 
tity of  this  stone  so  far. 

The  stone  is  loaded  by  the  contractors  on  standard  flat  cars  and  hauled  7 
miles  to  a  loading  point  on  a  navigable  channel,  i^ere  it  is  placed  on  bariges 
carrsring  eight  cars  each.  When  delivered  at  the  jetty  receiving  plant,  it  is 
unloaded  and  the  empty  cars  are  returned  to  the  barges.  From  the  loading 
point  to  the  jetty  landing  is  9  miles. 

The  above  arrangement  permitted  the  contract  to  be  made  for  the  material 
only  and  the  contractors  have  nothing  to  do  with  the  actual  jetty  constructicHL 
The  United  States  is  not  required  to  pass  on  the  rock  until  it  is  offered  for  use 
at  the  jetty  wharf. 

The  contractor's  crew  has  numbered  generally  about  100  men,  employed 
for  7  10-hour  days  per  week.  The  following  plant  has  been  installed  by  the 
contractors: 

Four  20-ton  stiff-leg  derricks,  100-ft.  bocnns,  with  steam-driven  hoisting:  and 
swinging  engines;  one  steam  crane,  with  shovel  attachment,  used  for 
grading  'pits  and  tracks  and  for  loading  cars;  one  two-stage,  16  x  10  X 
14-in.  Ingersoll-Rand  cross  c<»npound  air  compressor,  electrically  driven; 
one  small  jaw  rock-crushing  plant,  electricaliy  driven.  In  addition,  there  is 
the  usual  equipment  of  air  drills,  small  tools,  shop  and  mess  equipment  and 
appliances. 

Hollow  drill  bits  are  used,  and  since  the  installment  of  an  air-driven  Leyner 
sharpener  no  difficulty  has  been  exi>erienced  in  successfully  quarrying  the 
stone.  The  contractor's  transportation  plant  consists  of  fifty  flat  cars,  60,000 
lbs.  capacity,  36"  ft.  long,  two  car  ferry  barges  and  two  tow  boats.  From  the 
quarry  to  the  landing  the  cars  are  handled  over  a  logging  railroad  by  the 
logging  companies'  motive  power.  The  contractors  are  now  providing  16 
additional  cars  and  a  third  barge. 

The  receiving  and  depositing  plant  at  the  jetty,  belonging  to  the  United 
States,  consists  of  a  100-ft.  span,  three  track  apron  for  transfer  from  baige 
to  shore  tracks,  adjusted  to  tidal  elevation  at  barge  end  by  counterweights, 
and  fixed  at  10-ft.  elevation  at  shore  end;  two  locomotives;  three  flat  cars  for 
miscellaneous  materials;  a  20  cu.  ft.  concrete  mixer  mounted  on  a  flat  car;  a 
10-ton  revolving  and  traveling  unloading  erane,  gage  of  gantry  14  ft. ;  water 
supply  and  distributing  system;  fuel  oil  storage  and  distributing  ssrstem;  a 
repair  plant  with  power-driven  tools  for  ordinary  blacksmith,  carpenter,  and 
light  machine  work;  an  electric  light  plant;  store  house,  mess  house;  crew 
quarters  and  necessary  minor  equipment  for  the  work  in  progress.  A  new 
stone  unloading  crane  of  20  tons  capacity  is  now  in  course  of  construc- 
tion. The  jetty  crew  varies  from  40  to  50  men  working  6  8-hour  shifts  per 
week. 

Cost  of  Repointing  Sea-Wall  with  Cement  Gun. — ^A  cement  gun  was  used 
for  repointing  about  22,000  lin.  ft.  of  joints  in  the  west  side  of  the  Government 
sea  wall  at  Governors  Island,  N.  Y.  The  work  is  described  by  Henry  W. 
Babcock,  in  the  July-Aug.,  1917,  Professional  Memoirs.  The  following  notes 
have  been  taken  from  an  abstract  of  Mr.  Babcock's  articde  published  in 
Engineering  and  Contracting,  Aug.  15,  1917. 

The  sea-wall  is  built  of  heavy  stones  laid  in  courses;  none  of  the  courses 
were  required  to  be  of  uniform  height  throughout  except  the  coping,  wbiidi  was 
1  ft.  high  and  3  ft.  wide.  The  joints  were  ordinarily  1  to  1^  in.  thick,  some- 
times reaching  2  in.  On  the  northwest,  or  Hudson  River,  side  of  the  wall 
the  mortar  had  come  out  of  the  joints,  almost  generally,  indicating  that  the 
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joints  had  not  Deen  made  full,  but  voids  had  been  left  in  which  ice  fonned. 
Frequently  the  joints  were  found  open  to  a  depth  of  2  ft.  or  more. 

The  Cement  Gun  Co.  furnished  the  cement  gun  at  $250  a  month;  the  air 
compressor  at  $5  a  day ;  an  operator  for  the  gun  at  $6  a  day,  and  an  engineman 
to  run  the  compressor  at  $4  a  day.  The  United  States  furnished  5  to  7 
laborers,  a  horse  and  cart  and  an  overseer.  The  lease  with  the  Cement  Gun 
Co.  also  provided  for-  payment  to  them  of  transportation  charges  on  the 
plant  and  for  4  days'  time  allowed  for  transportation.  The  transportation 
charges  were  $216,  being  about  trebled  for  the  requirement  of  delivery  on  the 
island. 

Work  was  begun  at  the  north  end  of  the  extension  sea-wall  near  Castle 
William  on  Jime  1,  1016,  and  was  stopped  June  29,  1916,  at  a  point  of  4,170 
ft.  from  the  beginning.  The  linear  feet  of  joints  pointed  was  about  22,320, 
avesaging  900  ft.  to  the  working  day.  At  the  beginning,  although  the  location 
was  near  the  sand  pile  and  the  cement  storage,  the  rate  was  much  slower  on 
account  of  inexperience  and  bad  weather.  The  rate  also  varied  on  account  of 
tides,  more  work  being  accomplished  when  low  tides  occurred  near  the  middle 
of  the  day. 

In  filling  the  joint,  the  operator  turned  on  water  only  until  the  joint  was 
washed  clean,  then  the  mixture  of  cement  and  sand  with  the  water,  sweeping 
over  any  convenient  length  of  4  to  8  ft.  at  a  time.  The  mortar  filled  the  joint 
gradually  in  from  2  to  5  minutes,  depending  largely  on  the  voids  as  well  as  (hl 
the  length  covered.  When  the  joint  was  nearly  full,  the  visible  completion 
appeared  sudden. 

The  operator  stood  on  the  riprap  f  oimdation  of  the  wall  during  work  until 
the  tide  rose  too  high  for  rubber  boots,  when  a  plank  swing  was  hung  over  the 
wall  for  a  platform;  this  was  for  about  33  per  cent  of  the  time. 

Some  difficulty  was  met  with  in  the  lower  joints,  which  are  under  water  at 
his^  tide.  They  could  be  filled  only  at  low  tide,  and  the  swash  of  waves  or 
swells  from  passing  steamers  would  often  wash  out  the  mortar  for  a  depth  of 
3  to  6  in.,  a  result  which  would  happen  from  any  pelting.'  Covering  these 
joints  with  a  weighted  canvas  screen  was  tried,  but  it  was  not  effectual. 
Towards  the  dose  of  the  work,  a  few  linear  feet  of  joint  were  covered  with 
plaster  of  Paris,  which  set  at  once  and  stayed  on  for  a  day,  when  the  cement 
had  hardened.    It  was  rather  slow  and  expensive  for  general  use. 

This  kind  of  work  unavoidably  makes  a  joint  without  finish  and  patters 
mortar  on  the  face  of  the  wall.  One  of  the  laborers  was  assigned  to  smoothing 
off  the  joint  and  cleaning  away  the  surplus  mortar  before  it  had  set. 

It  was  at  first  intended  to  mix  the  cement  and  sand  at  1  to  2.  The  Cement 
Gun  men  said  that  their  experience  led  them  to  believe  that  the  force  with 
which  the  mortar  was  driven  caused  some  of  the  sand  to  rebound,  and  that 
1  to  3  was  a  better  proportion.  This  was  adoptejd.  In  these  closed  joints, 
however,  the  loss  of  sand  from  this  cause  was  small.  It  is  estimated  that 
between  10  and  15  per  cent  of  the  mortar  was  wasted  from  spattering  and  over- 
filling the  joints,  and  that  this  contained  practically  the  same  pr(^>ortion  of 
sand  as  the  original  mixture. 

To  drive  the  cement  and  sand  through  the  hose  with  compressed  air.  it  is 
essential  that  the  mixture  be  quite  dry.  In  the  early  part  of  June  there  was 
much  damp,  foggy  weather  and  the  sand  got  damp  and,  although  the  cement 
was  kept  quite  dry,  the  mixture  clogged  in  the  hose.  It  is  very  probable  that 
the  compressed  air  was  also  fully  saturated.  The  trouble  was  overcome  by 
heating  the  sand  on  an  iron  plate  over  a  fire  of  drift  wood. 
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The  ^08t  of  the  work  foBows: 

Expenditures: 

Rental  of  cement  gun $250. 00  * 

Rental  of  compressor 125. 00 

.  Services  of  operator 150. 00 

Services  of  comi^essor  engineman 100. 00 

Transportation,  including  4  days'  rental  time 216.  00 

$     841.00 

Rental,  3  tarpaulins  to  cover  cement 41. 85 

Services: 

Manisees  and  Ingalls  and  crew,  freighting  supplies 

and  general  assistance $171 .  58 

U.  S.  iniqiector  and  oversea*,  with  5  to  7  men d41. 09 

2  horses,  carts,  and  drivers,  34  days 136. 00 

1  double  team  and  driver,  1  day 8.  00 

r  •  966. 67 

Materials: 

800  bags  cement ,  $324. 00 

126  > Moo  cu.  yd.  sand 91.71 

68&  gauons  gasoline 152. 40 

Force  pump,  fittings,  and  hose  for  water 81. 66 

Lumber,  runways  and  mortar  beds 69.  76 

Tools:  Wheelbarrows,  shovels,  sand  screen,  etc 34. 60 

Rope,  for  moving  machines 24. 09 

MisoeUaneous:  Canvas,  rubber  boots,  etc 39. 48 

807.70 

Office  expenses  and  travel $258. 93 

Photographs 7. 46 

266. 38 

Total. $2,913.  60 

Tliis  cost  tvlH  be  reduced  by  a  rebate  of  about  $60.00  on  oemest  bags  re- 
turned in  good  condition. 

Th^  value  of  mitterials  and  tools  not  used  up  on  the  work  is  estimated  at 
$262.7^. '  ^^8  win  not  far  ex!oeed  the  cost  of  removing  them  and  storing:  them 
uittir needed,  an4  must  be  regarded  as  part  of  the  cost  of  work  in  a  looality 
such*  ad  Governors  Island. 

The  length  of  joints  repointed,  22,820  ft.,  was  measured,  and  is  essentially 
c6rrect.  The  open  widths  varied  from  2H  in.  to  nothing,  and  the  depths 
r^ointed  from  86  in.  to  3  in.  These  cannot  be  averaged  with  any  accuracy, 
being  almost  whoHy  out  of  si^t.  It  is  roughly  estimated  that  the  average 
thickness  of  joint  is  sfightly  leAs  than  1  in.,  and  the  average  depth  perhaps  12  to 
16  in. 

The  cost  of  this  work  with  the  cement  gun  was  not  far  from  the  cost  for  the 
same  leUgths  of  joint  repointed  by  hand.  Hand  work  would  give  a  better 
finidh,  but  would  hardly  extend  more  than  4  in.  into  the  waU. 

The  cost  at  Governors  Island  is  10  to  15  per  cent  more  than  it  would  be  at  an 
accessible  point  in  the' city. 

In  operating  the  cement  gun,  a  large  supply  of  compressed  air  is  needed. 
It  ts  used  to  turn  the  cement  and  sand  free  as  well  as  to  carry  the  dry  mixture. 
This  mixture  will  choke  in  the  hose  unless  diluted  with  a  fatfge  amount  at  air. 
From  such  observations  as  could  be  made,  it  appealed  that  the  volume  oi 
sand  and  cement  carried  was  from  1  to  2  per  cent  the  volume  of  the  air  used  as 
a  vehicle. 

The  amount  of  water  required  was  given  by  the  Cement  Gun  Co.  as  5  gaL 
per  minute,  at  a  pressure  of  about  46  lb.  This  quantity  was  seldom  used,  and 
the  stated  pressure  is  not  needed.  The  suction  from  the  air  blast  would  draw 
in  the  water  if  delivered  at  the  nozzle  under  a  much  lower  head. 
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At  Grovemors  Island,  fresh  water  could  not  be  had  along  the  line  of  the  sea- 
wall; and  salt  water  from  the  bay  was  used,  pumped  up  through  a  fine  brass 
mesh. 

An  examination  was  made  Oct.  0,  1916,  and  another  May  17*  ldl7.  In 
neither  case  was  there  found  any  deterioration  since  the  repointing  was-done. 
For  about  half  the  length  of  wall  repointed,  the  lower  joints,  at  and  below  half 
tide,  are  from  2  to  3  in.  slack;  and  for  a  length  of  125  ft.,  near  Um  lighthouse, 
the  lower  joint  is  from  10  to  15  in.  slack.  This  125  ft.  was  repointed  June  22, 
1016,  when  the  sea  from  a  strong  northwest  wind  washed  the  mortar  out 
whUe  it  was  fresh. 

.  On  May  17,  test  drills  were  driven  6  in.  into  the  joints  at  these  places;  the 
mortar  was  everywhere  firm  and  very  hard.  With  hand  pointing,  the  joints 
would  not  be.  filled  to  a  depth  of  6  in. 

Percentage  of  Voids  and  of  Settlement  in  Rubble  Moniit  Breakwater. — 
In  Jan. -Feb.,  1918,  Professional  Memoirs,  abstracted  in  Engineering  and  Con- 
tracting, Feb.  20, 1918,  Clarence  Coleman  describes  the  methods  of  construct- 
ing the  breakwater  extension  at  Marquette,  Midi.  In  this  paper  Mr.  Cole- 
man shows  that  the  percentage  of  voids  in  the  rubble  foundation  (deposited 
by  being  dropped  or  dimiped  Into  the  water)  was  37.43  per  cent,  and  the  voids 
in  the  remainder  of  the  breakwater  including  the  covering  stone  (10-15  ton 
size)  were  40.57  per  cent.  In  estimating  for  the  work  an  allowance  of  8  per 
cent  additional  tonnage  was  made  to  cover  loss  from  settlement.  The  final 
results  checked  this  figure  very  closely. 

Cost  of  Unloading  Stone  for  Rubble  Mound  Breakwater«-^Table  I.  from 
the  records  of  H.  F.  Alexander,  gives  the  cost  of  unloading  sriiall  or  hand  stone 
from  deck  scows,  and  is  taken  from  Engineering  and  Contracting,  Jan.  24, 
1912. 

Table  I. — Cost  op  Unloadino  Stonk  feom  Scows  by  Hand 


Scow  Tons 

1st 828 

2nd 849 

3rd 702 

4th 485 

5th 914 

6th 444 

7th 840 

8th 641 

9th 592 


Total  number 
of  hours 
required 

326 
334 
344 
160 
274 
174 
327 
250 
243 


Av.  No.  of 
tons  per  man 
per  hour 

2.^4 

2.542 

2.04 

3.03 

3.835 

2.55 

2.57 

2.564 

2.436-1- 


Totals, 


6,295 


2,432 


average 
2.623 


Cost 

S  84. 17 
86.17 
88.67 
41.67 
72.00 
45.17 
84.08 
64.83 
63.08 


629.84 


Cost^   per 
ton 

$.  i015-H 
.  1014 
.1203 
.0850+ 
.0787+ 
.1017 
.1000 
.1011  + 
.1^5 

average 
S.  1000 


The  high  cost  per  ton  on  the  third  scow  was  due  to  unfavorable  wba^her 
conditions.  Owing  to  a  severe  storm  the  work  of  discharging  this  load  had 
to  be  done  on  two  different  days,  and  considerable  time  was  lost  during  a 
heavy  rain.  It  will  be  seen  that  the  average  tons  per  man  per  hour  on  both 
the  fourth  and  fifth  scows,  was  much  higher  than  on  any  of  the  other  scows. 
When  the  fourth  scow  was  unloaded,  a  number  of  ore  shovelers  and  experi- 
enced men  were  employed ;  on  the  fifth  scow,  nearly  all  the  men  were  of  this 
class.  [ 

Although  these  men  were  paid  more  i)er  hour  than  the  men  employed  on  th6 
other  scows,  the  results  show  them  to  have  been  the  cheaper  in  the  end.  The 
men  who  unloaded  the  other  scows  were  unskilled,  being  simply  picked  up  6tL 
92 
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the  streets,  and  while  paid  less  pw  hour,  they  finally  cost  the  contractor  con- 
siderably more  than  the  ezperienoed  andhigher-prioed  men. 

Method  of  Making  Rapid  Cost  Estimates  for  Crib  Pier  and  Breakwater 
Constmctionw — G.  A.  M.  LUJencrantz  has  developed  a  method,  which  he 
describes  in  "  Professional  Meihoirs,*'  for  making  rapid  cost  estimates  of  pier 
and  breakwater  construction.  Engineerhig  and  Contracting,  June  6,  1012 
publishes  the  following  abstract  of  Mr.  Liljencrantz's  article. 

Typet  of  l^ruetnre». — -There  are  six  different  types  of  structures  considered. 
These  are  illustrated  by  Figs.  1  to  6.  Each  consists  of  a  crib  construction  100 
ft.  long.  The  first  four  types  are  16,  20,  24,  and  30  ft.  wide  and  rest  on  pileB. 
The  last  two  are  30  ft.  wide  each  and  rest  on  stone  foundations,  4  ft.  and  0  ft. 
deep,  respectively. 


.£4-a 


Type  I,  Crib  Breakwater. 


Type  Ml,  Crib  Breakwater. 


^^•"•••"••.^]^j^^.««««  ••••^ 


jy.'^-_ ., 


Type  II,  Crib  Breakwater.  Type  IV,  Crib  Breakwater. 

Pio.  6. — Types  I-IV,  crib  breakwaters. 


An  examination  of  the  various  plans  will  show  that  in  each  of  the  above  types 
the  amount  of  materials  contained  in  the  ten  lower  courses  (counting  from  the 
lake  bottom)  is  a  constant  quantity  for  that  type;  and  that  in  every  two  suo- 
cessive  courses  above  the  tenth  course  the  quantities  are  the  same  for  eadi 
type,  respectively. 

This  fact  suggested  the  practicability  of  using  the  formula  for  a  straight 
line  for  the  computation  of  the  total  cost  of  a  crib  of  any  desired  height,  after 
the  materials  of  the  ten  lower  courses,  and  in  the  two  upper  courses,  respec- 
tively, have  been  ascertained.  Thus  we  have  the  formula  Y  ->  aX  +  b,  in 
which  Y  represents  the  cost  of  a  crib  structure  100  ft.  long,  according  to  either 
of  the  types;  a  represents  the  cost  of  all  materials  in  one  of  the  upper  courstf 
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(the  constant  griven  in  the  table  below  being  the  average  of  the  two  upper 
courses),  X  equals  number  of  courses  desired  above  the  tenth  course;  and  b 
equals  the  cost  of  all  materials  used  in  the  lower  ten  courses.  The  height  of 
the  timberwork  above  the  lake  bottom  (2  ft.  in  tjrpes  1  to  4,  inclusive)  is 
counted  as  two  courses.  The  stone  foundations  in  the  other  types  shown 
are  counted  as  four  and  six  courses,  respectively.  The  bottom  course  of  the 
crib  work  is  1.5  ft.  high,  all  other  courses  being  1  ft.  each. 

There  is  one  discrepancy  in  the  formula  which  would  affect  the  accuracy  of 
the  results  if  not  remedied.    This  is  accounted  for  later  on. 

Uae  of  FormtUa. — As  stated,  the  constants  a  and  b  represent  the  cost  of  aU 
materials  in  the  different  parts  of  the  crib  as  noted.    These  materials  consist 


^ ^.^jffi(r. 


Type   V,  Crib   Breakwater. 


TvM  Vli  Crib  Breakwater. 
Fig.  7. — Types  V  and  VI,  crib  breakwaters. 


of  lumber,  drift  bolts  and  stone  and  (in  types  1  to  4) ,  of  piles  and  screw  bolts. 
The  unit  prices  of  each  of  these  materials  will  also  be  factors.  The  formula 
containing  all  these  items  will  be  as  follows: 

Y  -  (aT  +  a^D  +  a'S)  X -{■  b^T -\- b^D -\- b*8 -\- pP -{■  eC 

In  this  a*  and  b<,  a<<  and  M,  a«  and  &<,  p  and  c  represent,  respectively,  the 
quantities  of  timber  drift  bolts,  stone  piles  and  screw  bolts  (as  shown  in  Table 
II),  for  each  type,  and  7*,  i>,  <S,  P  and  C  the  unit  prices  of  materials,  viz., 
per  thousand  board  feet  of  timber,  per  hundred  weight  for  bolts  per  cord  of  128 
ft.  for  stone,  and  for  each  pile.  All  prices  are  for  materials  "secured  in  the 
work."  It  must  be  particularly  remembered  that  X  repiesents  the  number 
of  courses  above  the  tenth  course. 

As  has  already  been  stated,  the  constant  a<  represents  the  amount  of  timber 
required  in  one  of  the  courses  above  the  tenth  course,  and  the  constant  h* 
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the  total  amount  in  the  ten  lower  courses.  From  this  it  follows  clearly  that 
the  total  amount  of  timber  required  in  100  lin.  ft.  of  a  crib  of  any  of  the  types, 
respectively,  will  be  found  by  means  of  the  simple  formula: 

y  -=  a'  X  +  b', 

using  the  respective  values  for  the  constants  in  Table  II.  In  the  same  manner 
the  amount  of  drift  bolts,  stone,  etc.,  may  be  obtained. 

The  discrepancies  referred  to  above  have  been  remedied  and  the  constants 
have  been  corrected  accordingly  and  are  to  be  used  o«  given  in  the  table. 

Tabud  II. — Constants  pob  Ttpbs  with  Tiks  and  Longxtudxnalb  of  10  X  12- 
Inch  TiMBBBS 


Types 

Width 

a* 

6' 

of  crib  Fouji- 

M 

[.ft. 

a^ 

a* 

M 

.ft. 

W 

1 

!►• 

ifo. 

e 

No. 

ft. 

dation 

B 

.  M. 

Cwts. 

Cords 

B. 

M. 

Cwts. 

Cords 

Cwt 

1 

16 

Pile 

4. 

680 

4.3 

0. 

605 

56, 

648 

37.0 

92.947 

27 

5.1 

2 

20 

Pile 

4. 

996 

4.4 

12. 

525 

64. 

894 

37.5 

100. 

450 

40 

6.7 

3 

24 

Pile 

6. 

312 

4.4 

16. 

444 

67. 

734 

37.8 

129. 

336 

40 

6.7 

4 

30 

Pile 

5. 

786 

4.6 

19. 

823 

79. 

518 

38.3 

150. 

641 

53 

8.4 

5 

30 

Stone 

5. 

786 

4.6 

19. 

823 

40.492 

25.9 

259. 

943 

0 

0 

6 

30 

Stone 

5. 

786 

4.6 

19. 

823 

28.920 

17.3 

301. 

647 

0 

0 

Chief  Elements  in  the  Strtkciures. — It  may  be  found  desirable  to  verify  the 
various  amounts  entering  into  the  calculation,  and  for  tl^t  purpose  the  general 
dimensions  of  timbers,  etc.,  are  here  given;  it  being  believed  that,  for  the  sake 
of  comparison  between  the  differmt  types,  it  is  desirable  to  maintain  imiform- 
ity  with  regard  to  the  dimensions  of  all  the  principal  parts  of  the  structures. 

Thus,  the  following  dimensions  have  been  used  for  each  of  the  six  types: 
bottom  side  timbers,  12  X  18  ins. ;  all  other  side  timbers,  end  timbers  and  bear- 
ing timbers,  12  X  12  ins. ;  ties  and  longitudinals,  10  X  12  ins.  (2-ft.  long  searves 
having  been  provided  for  the  latter) ;  stone  bottom  (in  types  1  to  4)  in  middle 
pockets.  6  X  12  ins.;  the  grillage  bottom  in  types  5  and  6  are  made  of  12  X 
12*in.  timbers. 

The  lowest  set  of  longitudinals  (in  types  1  to  4)  are  extended  to  the  full 
length  of  the  crib,  100  ft.,  and  blocks  are  placed  at  each  end  of  the  crib, 
between  these  longitudinals  and  the  bearing  timbers,  which  are  also  100  ft. 
in  length.  An  extra  bearing  timber,  12  X  12  ins.,  is  provided — in  type  4, 
above  the  stone  bottom.  All  cross  ties  are  dove-tailed  into  the  side  timbers 
and  the  longitudinals  into  the  end  walls.  Stone  has  been  provided  for  in  the 
walls  between  the  cribs,  the  calculation  thus  covering  the  filling  of  the  crib 
for  its  entire  length. 

In  estimating  the  amount  of  stone  required,  calculation  has  been  made  on 
the  assiunption  that  the  whole  volimie  of  the  crib,  less  the  space  occupied  by 
timber,  is  filled  with  stone.  While  this  is  not  strictly  correct,  it  has  been 
done  to  compensate  for  such  stone  that  will  usually  settle  down  into  the 
sand  bottom  and  work  out  on  the  sides;  also,  to  some  extent,  for  irregularity  in 
the  lake  botttmi. 

Drift  bolts,  32  X  20  ins.  in  length,  are  provided  for  in  regular  columns  in 
the  side  and  end  walls;  also  through  bearing  timbers  and  protruding  ties,  and 
in  the  crossings  of  ties  and  longitudinals,  alternately  in  each  crossing. 

Discrepancy  in  the  Formula  and  Its  Remedy. — It  was  stated  above  that  ths 
quantities  in  each  set  of  two  courses  above  the  tenth  course  are  constant 
amounts  for  each  type.    There  is  an  exception  to  this  rule.    The  top  course 
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of  every  structure  has  less  timber  and  stone  than  eadi  of  the  other  courses, 
because  there  are  no  longitudinals  in  this  course  and  no  stone  in  the  upper  half 
of  it.  There  are,  however,  more  bolts  in  the  top  course,  as  a  20-in.  bolt  is 
placed  in  each  of  the  top,  side  and  end  walls,  in  each  cohmm  of  a2-in.  bolts, 
where  these  readi  only  to  the  upper  face  of  the  third  course  from  the  top. 

To  remedy  this,  the  respective  amounts  are  deducted — for  timber  and  stone 
— and  added  for  drift  bolts,  to  the  corresponding  materials  in  the  constants  6. 
for  each  respective  type.  These  amoimts  are  given  in  Table  III.  The 
figures  given  in  Table  II  are  the  corrected  amounts,  aa  already  mentioned. 

TaBLB  III. COMTBNTS  USBD  TO  CoMPBNBATB  FOR  DiSCRBPANCT  INTHB  TOP 

Courses 

With    10  X  12-iii.    timbers With  12  X  12-iii.  timbers 

Timber,         Bolts,  Stone,        Timber,         Bolts,  Stone, 

Types        M.  bd.  ft.        cwt.  cords       M.  bd.  ft.        cwt.  cords 

1  -0.960  +2.3  -4.747  -1.152  +2.3  -4.625 

2  -0.960  +2.4  -6.279  1.152  +2.4  -6.157 

3  -0.960  +2.4  -8.591  -1.162  +2.4  -7.687 

4  -0.960  +2.6  -10.107  -1.162  +2.6  -9.984 

5  -0.960  +2.5  -10.107  -1.162  +2.6  -9.984 

6  --0.960  +2.6  -10.107  -1.152  +2.5  -9.984 

Suogetted  Simpli/ieation. — If  a  large  number  of  cribs  of  different  types  and 
heights  are  to  be  estimated  for,  and  prices  suitable  to  the  locality  and  period 
have  been  determined,  the  formula  may  be  materially  simplified  by  inserting 
these  prices  in  the  formula  and  developing  the  calculations  for  the  values  of  a 
and  d,  respectively,  thus  giving  the  formula  the  initial  form:  t  »  ax  +  6, 
after  which  the  computation  will  be  reduced  to  the  simplest  kind,  according 
to  the  variations  in  the  values  of  x. 

Different  QualUy  of  Timber  in  Sub  and  Superstructure. — ^The  above  formulas 
contemplate  only  one  kind  of  timber  for  the  whole  structure.  Should  it  be 
required  to  provide  for  different  quality  of  timber  for  sub  and  superstructure 
(where  the  prices  differ  materially)  then  proceed  as  follows: 

For  the  eubatrueture  use  the  general  formula  with  constants  as  given  in  Table 
II ;  adapting  the  prices  for  timber  to  be  used,  and  with  x  fixed  according  to  the 
number  of  courses  in  this  part  of  the  work. 

For  the  superstructure  use  the  same  formula  with  the  constant  a  as  above; 
but  for  the  constant  b  substitute  the  vidues  for  this  constant  (with  +  or  — 
signs  as  indicated)  as  given  in  Table  IV  and  make  x  «  the  number  of  courses 
desired  in  the  superstructure,  and  use  the  price  for  the  proposed  kind  of  timber 
accordingly. 

R^uilding  Superstructure. — Should  it  be  required  to  prepare  an  estimate 
for  thci  cost  of  rebuilding  the  superstructure  over  old  crib  work  the  same 
method  should  be  followed,  adding,  however,  only  the  cost  of  removii^  the 
old  work. 

Modification  in  Types. — ^If  it  is  preferred  to  use  12  X  12  in.  timbers  for 
ties  and  longitudinals,  this  would  increase  the  constants  for  timber  and 
decrease  the  constants  for  stone.  The  constants  for  bolts  would  not  be 
affected.  Table  V  gives  the  constants  calculated  to  fit  sudtt  cases,  all  other 
elenvents  remaining  unaltered. 

Decking. — ^The  crib  work  is  generally  covered  by  some  kind  of  decking  to 
protect  the  stone  filling,  especially  if  the  work  is  exposed  to  severe  storms. 
The  form  of'  decking  generally  used  in  this  district  consists  of  6  X  10  in. 
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plankixig  laid  flat,  2  ins.  apart,  and  ^Iked  to  the  cross  ties  with  H  X  14  in. 
spikes,  washers  being  used  under  the  heads  of  the  spikes,  which  has  proved 
very  adnuitageous  in  giving  much  better  hold.  One  hundred  linear  feet  of 
a  deck  plank  contains  500  ft.,  B.  M.,  and  the  spikes  required  for  that  length 
of  deck  plank,  including  washers,  will  weigh  s^pr<»dmately  50  lbs. 
The  total  cost  of  the  deddng,  of  the  kind  described,  for  any  of  the  types  of 

(b  +  K)X 

cribs  may  be  obtained  by  the  simple  formula:  z  » in  which  z 

represents  the  cost  of  the  decking  over  100  lin.  ft.  of  the  crib;  ■  >■  the  cost 
per  M.  ft.  B.  M.  of  the  deck  timbers;  k  ^  the  cost  per  cwt.  of  the  spikes  and 
washers,  and  x  f  the  width  (inaide  of  the  side  timbers)  of  the  crib  to  be 
covered. 

IrUermediaU  Dtcking  SupporU. — ^When  a  pier  or  breakwater  is  greatly 
exposed  to  severe  gales,  it  is  very  desirable  to  place  intermediate  supports 
under  the  decking,  half-way  between  the  cross  ties.  These  supports  may  be 
made  of  3  X  12  in.  planks  placed  on  edge  and  resting  on  the  two  top  longitudi- 
nals and,  at  each  end,  on  asS  X  12  in.  X  2-f  t.  piece  of  plank  spiked  to  the  side 
walls,  with  their  tops  level  with  the  tops  of  the  longitudinals.  The  length 
of  each  plank  will  be  equal  to  the  inside  width  of  the  crib.  If,  however,  they 
are  estimated  equal  to  the  outer  width  of  the  crib  +  2  ft.,  in  length,  the  two 
pieces  to  be  spiked  to  the  side  walls  will  be  provided  for.  The  decldng  should, 
as  a  matter  of  course,  be  spiked  to  this  planking.  As  there  are  twelve  spaces 
between  the  ties  in  each  crib,  the  cost  of  the  decking  supports  will  be  obtained 
by  the  formula:  y  -  0.036  r.  (w  +  2)  +  0.3  k  (w— 2)  in  which  t  represents 
the  total  cost  of  the  decking  supports  for  a  crib  100  ft.  long;  t  eqiiaLs  the  cost 
per  M.  ft.  B.  M.  of  the  planks;  k  equals  the  cost  per  cwt.  of  spikes  and  washers 
and  w  equals  the  outside  width  of  the  crib. 

Tabls  IV. — Constants  for  Types  with  Tibs  and  LoNomrDiNALS  or  12  X 

12-IN.    TiMBBRB 


at 

6' 

c 

M.  ft. 

a* 

o» 

M.  ft. 

h* 

h» 

P 

Screw 

Types 

B.  M. 

Cwt. 

Cords 

B.  M. 

Cwt. 

Cords 

Piles 

bolts 

lA 

ft.  064 

4.3 

9.383 

59.622 

37.0 

91.374 

27 

5.1 

2A 

5.424 

4.4 

12.273 

68.220 

37.5 

98.648 

40 

6.7 

3A 

5.784 

4.4 

15.164 

71.052 

37.8 

128.068 

40 

6.7 

4A 

6.316 

4.6 

19.500 

83.706 

38.3 

148. 267 

63 

8.4 

5A 

6.316 

4.6   . 

19.500 

43.320 

26.9 

258.238 

0 

0 

6A 

6.316 

4.6 

19.500 

30. 672 

17.3 

300.493 

0 

0 

Types  of  Breakwater  Construction  and  Their  Costs. — This  is  given  in  the 
report  oiJ.F.  Hasskarl  before  the  12th  International  Congress  of  Navigation. 
The  following  notes  are  taken  from  an  abstract  of  Mr.  Hasslcarl's  paper  in 
£ngii;iBering  and  Contracting,  June  26,  1912. 

Delaware  Breakwater. — The  Delaware  Breakwater  was  commenced  in  1828 
and  completed  in  1869.  Its  principal  dimensions  and  cost  are:  Length 
2,558  ft. ;  length  of  Gap  and  Ice  Breaker,  which  are  connected  with  the  same. 
2,709  ft.' — making  the  total  length  of  this  structure  5,267  ft.  Area  of  avenge 
cross  section  above  sea  bottom,  4,067  sq.  ft.  Area  of  average  cross  section 
above  mean  low  water,  547  sq.  ft.  Area  of  average  cross  section  below  mean 
low  water,  3,520  sq.  ft.  Tons  per  average  lin.  ft.,  277.69.  Cost  per  averse 
lin.  ft..  $008.95.  Note:  The  great  excess  of  material  placed  in  the  structure 
over  the  enrockment  at  present  remaining  above  the  bottom  i^  explained  as 
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tollanB:  The  bottom  \a  very  soft,  there  ar 

nwtsti&l  has  sunk  into  the  soft  mud.    The  weigbt  at  &  cubic  yard  of  BoUd  eto 

la  approximately  2.24  tooa.  and  a  cubic  yard  of  enrockment  welgtw  about  1.' 
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Son  Pab-o.  Caiifornia.—Thia  bi 
1898,  and  is  BtiU  (1012) 
Total  lengtli  wben  comp] 


<  breakwaters  of  diffen 


la  commenced  November  12, 
Its  dlmenalons  and  cost  are: 
d.  about  11,100  It.     Tola!  area  ot  aFerage  cross 
,466  sq,  ft.    Atea  Ot  average  cross  seetiaD  above 


2  sq.  ft.    Aiea  of  average  ctobb  section  below  a 


FiQ.  g,— SeoUon  of  Delaware  breakwater. 

water,  6.064  sq.  ft.     ToDa  per  average  lln.  ft.,  344.31,     Coat  per  average  lln, 
ft.,  S286. 

Colon.  Panama,  Wcit  BieaktcaUr. — Tbie  breakwater  was  commenced  in 
1910  and  la  stltl  under  construction.  Its  dimensions  and  cost  are:  Total 
lenKtb  when  completed,  1 1,322.6  ft.  Total  area  of  average  cross  section  above 
sea  bottom,  approximately  6,777  sq,  ft.    Area  of  average  cross  sectloa  above 


HANDBOOK  OF  CONSTRUCTION  COST 

level,  apprmimnlely  335  sq.  It.  Area  of  average  cross  sect 
level,  approxlnutelr  6,442  eq.  ft.  Tons  per  average  lln 
petaveTagelin.n.,S481. 


Pio.  10. — Section  ot  breakwatflr  at  San  Pedro,  Cal. 

PoinI  J-adilh,  Bhedt  Iiland. — This  bieakwaler  was  mtnunenced  F^nwiT 
13,  IBQI,  and  completed  December  IS,  IS98.  Its  dimensions  and  cost  are: 
Total  length  ot  main  breakwater,  6,970  ft.     Total  length  of  easterly  shore 


Fio.   11.— Section  of  Colon  breakwater,  Panama. 

arm,  S,240  ft.  Total  area  ot  avera^  cross  section  above  sea  bottom,  2,M8 
aq.  ft.  Area  of  average  cross  section  above  mean  low  water.  370  Bq.  ft.  Area 
of  average  cross  sectioc  below  mean  low  water.  2,S78  sq.  ft.  Tons  per  averaBe 
Ua.  ft.,  161.72.    Cost  per  average  lin.  ft.,  SZ0e.70. 


Fia.  12.— Section  of  Point  Juditli  breakwater.  Rhode  Iiland. 

Nalional  Harbor  of  Refuse,  Dilamm  Bai/. — This  breakwater  was  aunmenced 
la  ISS7snd  completed  in  1901.  Total  length.  S.p40  ft.  Total  area  of  averafS 
cross  eecllon  above  sea  botloio,  3.474  sq.  It.    Area  of  average  cross  BecUoo 
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■bove  iDeui  low  valer,  650  eq,  tl.  Aiea  of  average  cross  sactlon  below  mean 
lav  water,  3.B24  sq.  tt.  Tons  per  average  lln.  ft..  183.83.  Coat  per  lia.  ft., 
tS 17.00. 


Fio.  13.— Section  of  breakwater,  NaCiooal  Harbor  of  Refuse,  Delaware  Bay. 

Croes  section  above  lake  bottom.  3,236.5  sq,  fl.  Area  of  average  cross  section 
above  mean  lake  level.  312.5  sq.  tt  Atea  of  average  crass  section  below  mean 
lake  level,  2,924  aq.  ft.  Tons  per  average  lln.  ft.,  1SI.60.  Cost  per  aveiage 
Itn.  ft..  S12S.2e. 

Baffalo,  Niw  yort.— Original  breakurater  built  October  7,  1898— October 
27.  1900.  New  superstructure  work  commenced  June  18.  1001,  completed 
Ma;  18,  1M2.    Total  length,  1.S00  ft.    Total  area  of  average  cross  section 


Fio.  H.— Sorted  rubble  mound  breakwater  at  Buflalo.  N.  Y. 

above  lake  bottoiu,  2,417.68  aq.  ft.  Area  ot  aveiage  aom  seolkiD  atMve  mean 
lake  level,  302.08  aq.  ft.  Area  of  average  ctdbb  section  below  mean  lake  level, 
2,115  sq,  ft.  Tons  per  average  linear  toot  above  lake  bottom,  105.34.  Cost 
per  average  linear  foot  above  lake  bottom,  S242.S3.  Total  tons  pet  average 
linear  fool.  Including  gravel  Bll  In  trench,  268,84.  Cost  p«r  average  linear  foot 
Including  trench  and  gravel  fill.  •278.80. 
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Dunkirk,  If  etc  York. — TtUa  bre^iwatet  was  cfmuiieiiced  Augoal,  1897.  tnA 
completed  August,  18SS.  Total  length,  310  ft.  Total  arcs  irt  aTcngs  ctosb 
section  above  lake  bottom,  535.2  sq.  ft.  Area  ot  average  crosBSectioD  above 
mean  lake  level,  175.2  sq.  ft.  Area  of  average  cross  sectiOD  below  mean  Inke 
level,  300 sq.ft.  Tons  per  average  lln.  ft.,  28.557.  Cost  per  average  lio.  ft.. 
MS.  12. 

Clmland,  Ohia  (Soilfl-n  Bxttntian). — This  breakwater  was  COaUDenoed 
May  4,  1903.  sad  is  still  under  construction.  Total  len^tli  when  completed. 
tS.WO  ft.  Total  area  ot  average  crosB  eectioa  above  lake  bottom.  3.246.S 
sq.  ft.    Area  of  average  cross  sectioo  above  mean  lake  level,  169.6  sq.  ft. 


Fio.  15.— South  Harbor,  Buffalo,  N.  Y.     Timber  crib  breakwater. 

Area  of  average  cross  section  below  mean  lake  level.  3,076.9  sq.  ft.  Tons 
per  average  linear  tool,  approximately  164.  Cost  per  average  Une«r  foot. 
appioxlmatelr  f  175. 

tfilumuiic.  Witconiin. — This  breakwater  was  commeDced  June  14.  1900, 
and  completed  about.  September.  1910.  Total  length,  ot  caisson  construction, 
577  ft.  Total  area  of  average  cross  section  above  lake  bottom,  531  sq.  ft. 
Area  of  average  cross  section  above  mean  lake  level.  48  sq.  ft. '  Area  of  average 
cross  section  below  mean  lake  level,  488  sq.  ft.  No  data  for  weight  per  linear 
foot  obtainable.  Coat  per  average  linear  toot.  SI17.94.  Noit:  Stone  for 
rlprapping  caissons,  except  about  SOO  tons  of  large  stone  placed  on  lake  side, 
was  obtained  tro«  the  railng  of  an  old  pier  and  Is  not  included  In  above 
estimate  ot  coat. 

Con. of  Sea  Wall  for  Land  Reclamation  at  new  Orleans. — Engineering 
News,  June  Z6,  1914.  gives  thefoUowingdatatrom  the  report  of  a  commission 
ol  the  Sanitary  District  ot  Chicago. 

The  dtjr  ot  New  Orleans  In  makhig  about  27  acres  of  new  land  at  the  "  West 
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ESod  "  tat  munlcipBl  purpoaee.  conMiuaUd  *  pile  aod  coociete  aek  wall  an  ImLb 
PODtchsmsln,  about  2,8fi0  K.  loog,  and  dndged  and  deixnlted  ■  flU  avenetaiK 
S  to  13  (t.  deep  behind  this  wall.    ThU  dredging,  anKHuUlnc  to  about  400.000 


a  hydraulic  dredge  and  ooat  11.S7 
built  around  the  entire  Incloaun. 


FiQ.  17. — Eitennon  of  Eaat  bmkmtci,  CtBvel&nd.  Ohio. 

The  wtUl  la  cS  concrete,  placed  on  a  double  row  o(  50-ft.  oak  piles  aiwoed  S  ft 
c  tOC.each  waf.  Inlront  of  tbla  piling  a  triple  tow  of  sheet  pliieg  wM  drivei 
•B  a  cotter-dam  and  to  prevent  the  Oil  alidicg  back  In  the  lake.    About  3  It 


Fia.  18.— Reinforced  concrete  caiMon.  South  Piet.  Milwaukee,  Wii. 

at  material  wa«  excavated  for  the  base  of  the  concrete  cap,  bo  that  the  pttea 
ate  entirel;  protected  from  the  action  of  the  teredo.  The  wait  1b  provided 
with  two  rowi  of  weep  holea.  and  haa  expanaloo  Joints  SO  tt.  apait. 
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Inicliidlng  the  piles,  exc&Tatloa  tod  oonctete.  the  wail  haa  cost  about  tsa 
fax  Un.  ft.,  or  >13  per  cu.  ;d.  at  concrete.  The  labor  costs  were  >l.76  to  S2 
lor  ooBunofi  labor  and  SS  per  day  for  skllled  labor.    Qravd  was  used  tot  the 


f 


Fro,  19.— Section  through  Se*  Wall  at  New  Orleans,  La. 

concrete  acgregate.  The  cost  at  constniclion  was  Increased  on  account  Ot  tha 
■wceasity  of  pladng  the  mixer  at  ane  end  ot  the  work  and  baullng  tbe  concrete 
and  other  material  over  a  long  trestle  to  the  point  ol  deposit. 


CHAPTER  XXII 
DOCKS  AND  WHARVES 

This  chapter  contains  costs  of  complete  pier  structures  of  rarioui^  types  and 
also  costs  of  items  of  work  entei^ng  into  this  type  construction.  For  further 
data  on  the  cost  of  docks  and  wharves  the  reader  is  referred  to  QiUettie's 
••  Handbook  of  Cost  Data." 

Costs  of  Various  Types  of  Freight  Handling  Wharves. — Data  concermng 
the  latest  and  best  practice  in  the  construction  of  freigitt-handling  wharves 
has  been  collected  by  a  committee  of  the  American  Railway  Engineering 
Association.  The  information  was  obtained  from  members  of  the  association 
and  is  sunmutrized  in  the  July  (1917)  Bulletin  of  the  association  by  W.  H. 
Hoyt  as  a  portion  of  an  article  on  the  design  of  docks  and  wharves.  The  fol- 
lo^^^ing  abstract  of  Mr.  Hoyt's  article  is  given  in  Engineering  and  Contracting, 
Sept.  26,  1917. 

Docks  at  San  Francisco,  Ferry  Point  and  Oakland,  Santa  Fe  System.-^The 
Atchison,  Topeka  &  Santa  Fe  Ry.  Coast  Lines  has  about  4,000  ft.  of  frontage  of 
wharf  at  San  Francisco,  practically  all  of  which  is  over  a  rock  seawall  and  is 
supported  on  creosoted  piles,  spaced  10  ft.  each  way.  The  titermediates  are 
4  in.  by  12  and  tracks  are  carried  with  two  pieces  of  12-in.  by  12-in.  under  each 
rail  over  the  10-ft.  spans.  At  Ferry  Point  the  railway  has  a  wharf  70  ft,  wide 
by  700  ft.  long.  In  1913  this  wharf  was  extended  and  a  new  freight  a<»f on 
built  on  the  end.  The  extension  was  designed  primarily  for  the  accommoda- 
tion of  barges  handling  cars.  The  wharf  on  either  side  of  this  dock  was  con- 
dtructed  as  a  support  for  the  spring  line  of  the  slip.  This  also  is  true  of  a  new 
slip  at  Oakland.  The  latter  wharf  was  driven  with  a  10-ft.  spacing  of  piles. 
In  all  of  the  wharf  work  piles  treated  with  16  lb.  of  creosote  at&nsed  for  ^t 
water  driving.  All  the  above  mentioned  jobs  were  constructed  by  coiMract 
covering  the  labor  only,  the  railway  company  furnishing  all  the  material. 
Each  contract  was  made  up  on  the  basis  of  unit  prices  covering  each  kind  of 
lumber  and  the  different  kinds  of  piles. 

At  Ferry  Point  the  unit  prices  were  as  follows: 

Pulling  piles $16. 00  each 

Taking  out  old  lumber 6. 00  per  M 

Cutting  piles  off  on  present  wharf  to  new  grade 1.25  each 

Drive  and  fasten  standard  piles 9. 36  each 

Drive  and  fasten  brace  piles , 16. 60  each 

Drive  and  fasten  fender  and  mooring  piles 7. 16  each 

Drive  and  fasten  spring  piles 11. 00  each 

Drive  and  fasten  cluster  piles 16. 00  each 

Drive  and  fasten  dolphin,  piles , . ,  18. 60  each 

Placing  caps 21. 00  per  M 

Stringers  and  compounds 16. 00  per  M 

Planking 11. 85  per  M 

Guard  rail 9. 60  per  M 

Chocks 32. 00  per  M 

Ribbing 31. 70  per  M 

Springline  chocks 46. 00  pet  M 

Shea^in^ 18. 50  per  M 

•    Intermediate  stringers 12. 75  per  M 

Total  labor  (approximately > i .  . ;.  ,$l#sO0O  .  •     : 
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At  Oakland  the  unit  prices  were  as  follows: 

Drive  and  fasten  standard  piles $  9. 00  each 

Drive  and  fasten  brace  piles 15. 00  each 

Drive  and  fasten  dolphin  piles 18. 00  each 

Drive  and  fasten  cluster  piles 12. 00  each 

Drive  and  fasten  spring  piles 12. 00  each 

Placing  caps  and  sub-caps , 21 .  00  per  M 

Placing  stringers  and  compounds 16. 00  per  M 

Placing  intermediate  stringers 12. 75  per  M 

Placing  planldng 11, 00  per  M 

Placing  guard  rail 9. 00  per  M 

Placing  ribbing 34. 00  per  M 

Pkunng  chocks 40. 00  per  M 

Placing  sheathing 18. 00  per  M 

Taking  up  old  timber 6. 00  per  M 

Total  labor  (approximately) $19,000 

At  San  Francisco  the  unit  prices  were  as  follows: 

Drive  and  fasten  fender  piles $  8. 00  each 

Drive  and  fasten  standard  ^iles 8. 00  each 

Drive  and  fasten  mooring  piles 8. 00  each 

Placing  caps 20. 00  per  M 

Compound  stringers 16. 00  per  M 

Track  stringers 16. 00  per  M 

Intermediate  stringers 15. 00  per  M 

Fillers 10. 00  per  M 

Guard  rail 10.00  per  M 

Planking 10. 00  per  M 

RMOoving  old  lumber 6. 00  per  M 

PlacinjB  chocks 32. 00  per  M 

Breaking  ofiF  old  piles 3. 00  each 

Pulling  piles 12. 00  each 

Placing  sub-caps 25.00  per  M 

Total  labor  (approximately) $17, 500 


Pier  No»  5,  Weehatoktnt  N.  J.f  New  York  Central  A  Hudeon  River  B.  R. — 
Designed  for  handling  outward  business  (boats  to  cars)  only.  Built  on  pile 
foundations.  Has  adequate  floor  space  and  numerous  gangways  to  make 
short  trucking  possible.  It  is  securely  sway  brtuied  with  4-in.  X  8-in.  plank 
bolted  to  each  pile,  also  girt  timbers  running  across  piling  underneath  wharf. 
Has  double  layer  deck,  consisting  of  a  lower  4-in.  plank  deck  covered  with  2-in. 
X  4-in.  beech  flooring.  The  total  contract  cost  of  the  substructure  and  super- 
structure, including  heating,,  dry  flre  protection  line,  electric  wiring  and  fire 
alarm  system,  was  about  $3  per  square  foot. 

Pier  and  Bulkhead  Platforms,  Jamee  Slip  and  Olive  St.^  New  York  City. — Has 
a  9-in.  reinforced  concrete  deck  on  timber  stringers  and  pile  foundation.  On 
top  of  the  9-in.  concrete  is  a  2H-in.  asphalt  wearing  surface.  The  front  of  the 
wharf  is  fendered  with  oak  piling  and  timber  securely  bolted  to  the  main 
framework.  The  unit  costs  are  stated  to  be  as  follows:  Timber  dedcs,  in<dud- 
ing  rangers,  about  52  cts.  i>er  square  foot;  reinforced  concrete  deck,  46  cts.  per 
squsure  foot,  and  with  2H  asphalt  wearing  siurface  55  cts.  per  square  foot. 
The  figrures  for  concrete  do  not  include  the  cost  of  timber  construction  at 
deck  level  on  the  sides  of  the  dock. 

Dock  at  Sandtukvt  O.,  for  Pennsylvania  R.  R. — This  is  a  new  dock  for  coal 
machine.  It  is  a  good  example  at  filled  timber  crib  on  rock  foundation  with 
monolithic  concrete  superstructure.  The  average  height  of  crib  is  18  ft. 
The  imH  cost  per  lineal  foot  of  dock  was  as  follows: 
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Per  lin.  ft. 
of  dock 

Hemlock  lumber $  35.  00 

Framing,  placing  and  sinking 25.  00 

Iron  (tie  bolts,  drift  bolts,  etc.) 14.  00 

Stone  (for  sinking  erilra) 12.  (X) 

Leveling  foundations 2. 00 

Concrete  top N 19.  60 

Cast  iron  mooring  poets 1 .  50 

Total $109. 00 

Dock  at  Port  Bolivar,  Tex.,  Ovlf,  Colorado  A  Santa  Pe  Ry. — This  dock  is  a 
timber  platform  supported  on  pile  foundations,  ^ack  of  the  dock  proper 
sheet  pilingr  has  been  driven  and  tied  back  by  H-in.  iron  rods  to  anchor  piles, 
and  the  dock  filled.  The  geological  formation  at  the  site  consists  of  alternate 
layers  of  water,  sand  and  sea  inlet  to  an  indefinite  depth.  It  is  estimated  that 
the  cost  of  a  pile  foundation  for  concrete  waUs  with  the  cost  of  the  necessary 
caisson  work  would  more  than  equal  the  entire  cost  of  the  present  bulkheads 
and  aprons.    The  unit  costs  were  as  follows: 

Total  cost  of  bulkhead  per  lin.  ft *33. 27 

Total  cost  of  apron  30  ft.  wide  per  s^.  f t 0.  7343 

Cost  per  linear  foot  marine  treated  piles 0. 385 

Cost  per  linear  foot  untreated  piles 0.  085 

Cost  per  M.  feet  B.  M.  marine  treated  timbers 47. 80 

Cost  per  M.  feet  B.  M.  fuU-«ell  treated  timbers 31. 00 

Cost  pec  M.  feet  B.  M.  untreated  timbers ,.  21. 80 

Coat  per  linear  foot  driving  marine  treated  piles 0. 17 

Cost  per  linear  foot  driving  untreated  piles 0.16 

Cost  per  M.  feet  B'.  M.  placing  marine  treated  timbers.  16.00 

Cost  per  M.  feet  B.  M.  pmcing  other  timbers, 15. 00 

Average  cost  of  freight  on  pile^  about  $0.05  per  lin.  ft.,  and  on  timbers  about 
$5  per  M.  B.  M. 

Pier  No.  9,  Hoboken  Terminal,  Delaware,  Lackawanna  &  Western  R.  R. — 
This  pier  has  been  in  use  for  about  8  years.  It  is  a  2-story  steel  and  rein- 
forced concrete  structure  supported  on  pile  foundations  stiffened  with  rip- 
rap and  rubble  filling.     The  cost  was  $4.25  per  square  foot. 

Lumber-' Handling  Dock,  Lake  Superior,  Dulvih,  Winnipeg  <fc  Pacific  Ry. — 
This  dock  was  designed  exclusively  for  handling  lumber  from  railroad  cars  to 
boats. 

Its  cost  was  as  follows: 

Engineering  charges > $  1, 409 

Freight  charges  on  piling,  ties  and  planking 5|089 

Piling,  103,185  lin.  ft 17,539 

Timber,  818.230  ft.  B.  M 22,T0fi 

Machine  bolts,  drift  bolts,  etc 1 ,480 

Iron  cleats,  25,  at  $8.75 219 

Contract  price  driving  piles,  92,791  lin.  ft.  left  in  work  at  5^  cts 5, 335 

Contract  price  framing  deck  and  bracing,  781,699  ft.  B.  M.  left  in  work, 

at  $6.90  per  M 53.94 

Sxcavation  for  mud  sills  on  bank 119 

Crib  at  end  of  dock: 

Iron  rods  for  tieing  crib 19 

Labor  applying  rods 44 

Stone  for  fiUing  crib,  64  cords  at  $7 448 

Dredging,  177,427  cu.  yd.  at  11  cts 19,517 

Track,  60-lb.  rail,  and  fastenings,  second-hand 1 ,  689 

Track,  labor 320 

Saunders  ear  stoppers,  2  at  $45 90 

fVeight  on  car  stoppers 7 

Total $81,422 
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D«ck^  T^leds,  O.,  H^cHm^  VdHtw  B9. — ^This  Structure  is  typical  of  tbe  on 
and  ooil-liiiKilinK  docts  on  the  Great  Lakes.  It  is  an  excellent  sample  of 
cfib-fiUed  structmes  and  of  concrete  pier  supported  directly  on  piUng.  Oi 
account  of  the  heavy  distributed  loads  to  be  carried  and  the  heavy  mwh\wu 


foundations  it  requires  a  very  solid  substructure.    It  Is  also  thoroughly  tiedl 
ba^  with  andKM- rods.    The  unit  costs  nere: 


U-im.  X  13-in.  tJMber  griili^  placed $43.00      per  M.  B.  M. 

2-in.  plank,  hardwood 38. 00      per  M.  B.  M. 

S-ia.  plank,  hemlock 85.00      per  M.  B.  M. 

Timber  oilinf  drrren .28      per  Un.  ft. 

Stod  pthnc  onTea 02      per  lb. 

Concrete  placed  6.80      pa- cu.  3rd. 

Stmd  "I"  bc«ms  placed 02      per  lb. 

Steel  reinforced  rods  plaeed 02H  per  lb. 

Wrow^  iron  rods  plaeed 05      par  lb. 

Dredcins  and  waste 23      per  cu.  3rd. 

Dredcinc  and  backfiD 27      per  oo.  yd. 

Tbe  aboTe  do  aot  indode  company  freickt  or  sapenrision. 


D^ck  Ml  Chicane  Riwer,  Chiem^,  MHwauke*  A  Si.  Paul  £y. — ^This  Is  a  vaj 
simple  structure  composed  of  afront  row  of  piling  with  sheet  piling  anchored 
bac^  to  anchor  timbers  and  piles  with  IK-in.  rods.  The  dodc  is  then  filled 
These  docics  in  Chicago  and  Milwaukee  cost  from  $18  to  $25  per  lineal  foot, 
d^wnding  upon  local  condltiiMis. 

Costs  of  the  Terminal  Piers  of  the  Norfolk  9t  Western  Ry.  at  Norfolk,  Va.^ 
In  Engineering  News-Record,  May  16.  1918,  F.  P.  Turner  gives  the  following 
matter. 

Tbe  general  layout  and  dimensions  of  the  piras  are  shown  in  Figs.  1  and 
2. 

The  outbound  or  northbound  freight  is  cared  for  on  the  soutberly  of  the 
two  pios,  whidi  is  800  ft.  long  and  222  ft.  wide  and  carries  a  wmrehoose  206  X 
750  ft.  Incoming  freight  is  handled  by  the  northerly  pier,  whkdi  Is  222  X 
1,200  ft.  in  plan  with  a  208  X  1,150  ft.  war^KMise.  A  water  depth  of  28  to  30 
ft.  is  provided  in  the  aUps  around  the  piers. 

The  type  of  construction,  determined  after  a  thcMtMig^  investigation  of  the 
first  cost,  annual  repairs  and  life  of  various  kinds  of  floors  and  rocis,  was  suck 
that  the  average  life  of  the  compcment  parts  would  be  the  same. 

The  pier-shed,  being  of  steel.  wiU  under  normal  conditions  have  double  tbe 
life  of  substructure  supporting  the  floor.  The  pedestals  around  the  edge  of  the 
pier  are  creosoted  piles  protected  by  a  steel  cylinder,  extending  two  to  three 
feet  below  mRTimnm  depth  of  water  and  fiDed  with  earth.  Experience  od 
similar  structures  has  led  to  the  belirf  that  sted  cyUnders  will  last  30 
to  25  years  and  that  creosoted  piles,  after  o^wsure,  will  last  equally  as  muck 
longer. 

The  roof,  floor  and  pile  substructure  may  be  renewed  in  sections  after  20 
to  25  years*  service  without  taking  down  the  sted  trusses  or  interfering  witli 
the  remainder  of  the  pier.  Since  the  renewal  of  tbe  substructure  would  require 
the  destruction  of  the  floor  and  roof  it  was  not  considered  advisaUe  to  select 
the  more  expensive  ccHicrete  fireproof  construction  for  these  two  dements,  but 
to  use  materials  having  a  normal  service  the  same  as  the  substnicture. 
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Creosoted  pile  substructure  was  adopted  for  the  entire  pier  area  outside  of 
the  bulkhead  line  established  by  the  War  D^uirtment.  Inside  the  bulkhead 
line  it  proved  more  economical  to  drive  an  uncreosoted  bulkhead  at  the  locar 
tion  shown  upon  the  plan  and  fill  it  with  dredged  material  for  supporting  the 
pier-shed  floor  and  tracks.  Creosoted  posts,  tops,  bracing  and  floor  striiigers 
were  used  above  the  low-water  line.  A  3-in.  white-oak  floor,  dressed  on  one 
side  and  two  edges,  was  adopted  for  wearing  surface,  this  type  of  floor  having 


Fig.  1. — General  plan  of  pIots  of  the  N.  &  W.  R.  R.  at  Norfolk,  Va. 


a  record  of  long  service  in  similar  warehouses  of  this  company.  The  roof 
selected  was  a  6-ply  felt,  pitch  and  gravel,  laid  on  1^  in.  tongue-and-groove 
yellow  pine  sheathing  resting  on  steel  purlins. 

Dimensions  and  spacing  of  timbers  and  steelwork  entering  into  the  con- 
struction of  these  piers  are  indicated  on  the  accompanying  drawings.  The 
loads  assumed  in  the  design  are  as  follows: 


Floor — 500  lb.  per  sq.  ft. 
Roof — Purlins,  40  lb.  per  sq.  ft. 
Trusses,  50  lb.  per  sq.  ft. 
Piles — 17  tons  each.. 
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The  quantities  and  cost  of  the  development,  which  was  built  during  1916 
and  1917,  follow: 

Dredginflf--1,373,226  yd $     108 ,  922     $0. 0794  per  cu.  yd. 

Bulkhead  A— 775  ft.  long 37, 565     $48.  50  per  ft. 

Bulkhead  0—8,300  ft.  long 138,291       16. 70  per  ft. 

Main  pier  subatrAicture: 

Bulkhead  B,  3,320  ft.  long $  65 .355  19 .  70  per  ft. 

Pile  and  timber  work 577 ,  676 

•  Steel  cylinders,  700.800  lb 23 ,  000 

Floor 34,825 

Total  substructure $700,855  $     700,855         1.60    per    sq.    ft. 

pier  area 
Steel  frame,  curtain,  siding,  etc., 

5,258.425  lb 202,481  61 . 2  cts.  per  sq.  ft. 

Sheathing,  painting,  roofing,  steel 

sash  doors 167. 250 

Total  building $369,731  $     369,731       93. 6 ots.  per  sq.  ft. 

Sprinkler  system,   pump  house  and  pipe 

laying 74 ,  000 

Freight-handling  equipment 126, 600 

Electric  equipment  and  lights 20, 000 

Engineering 30, 000 

Creosoted  trestle 12 ,  000 

Tracks 90,000 

Office  building 47; 500 

Stevedore  house^ ■ 3 , 000 

Paving,  etc 5.000 

Right  of  .way  and  damages 10, 000 

Incidentals 26, 536 

$1,800,000 


A  brief  description  of  the  more  important  of  the  above  items  follows: 

Dredging. — Dredging  of  slips  and  main  river  channel  wafl  done  by  a  large 
suction  dredge,  capable  of  cutting  16  ft.  deep  and  150  ft.  wide  as  it  advanced 
and  having  a  rated  capacity  of  10,000  cu.  yd.  i>er  day  of  24  hrs.  Dredging 
began  June  1,  1916  and  was  completed  Nov.  23,  1916  the  total  amount  of 
material  dredged  being  1,873,226  cu,  yd.,  an  average  of  8,000  yd.  per  day. 
The  dredged  material  was  conveyed  through  a  22  in.  pipe,  at  times  more  than 
4,000  ft.  long,  and  was  discharged  along  the  line  of  the  bulkhead.  Thus,  the 
heavy  material  was  deposited  immediately  adjacent  thereto  and  the  light 
silty  material  was  forced  to  the  interior.  Most  of  the  material  dredged  was 
white  sand  and  clay  and  it  immediately  gave  good  resistance  after  depositing. 

The  results  of  this  method  reduced  the  pressure  against  the  bulkhead  and 
no  failures  resulted.  Spillways  were  provided  in  the  bulkhead,  at  the  extreme 
end  of  the  area  to  be  reclaimed,  for  water  to  return  to  the  channel. 

Bulkheads. — Figs.  2  and  3  show  the  type  of  construction  of  Bulkheads  A,  B 
and  C. 

Pile  and  Timberwork. — Creosoted  piles  were  generally  14-in.  diam.  2  ft. 
below  butt  with  7-in.  points,  in  lengths  varying  from  60  to  80  ft.;  untreated 
piles  driven  inside  the  bulkhead  B  were  12-in.  diam.  2  ft.  below  butts  and 
6-in.  points.    All  bulkhead  piles  were  creosoted  and  of  the  larger  size. 

Sound  square  edge  short-leaf  pine  lumber,  creosoted  with  12-lbs.  of  dead 
oil  of  coaltar  per  cu.  ft.  was  used  for  all  exposed  bracing  and  floor  supports. 

Steel  Cylinder 8. ~^The  pedestals  supporting  the  center  columns,  outside 
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bulkhead  B,  were  coDstruOed  in  cylinders  T-ft.  dlun.  Six  creoBotsd  bearing 
piles  were  driven  In  each  cylinder. 

Koor.— Interior  floors  conaiated  at  3-ln.  while  oak  dressed  one  side  and  two 
edgw,  outside  the  building  long  leaf  yellow  pine  eintllorly  dressed  being  used. 

Al  about  300-(t.  intervals  the  two  buUdlnga  liave  eoocrete  floor  slabs  »4t. 
wide  reallng  on  pile  bents  and  exlendhig  trom  aide  to  side.  Precast  rtinforced 
concrete  flre  walls  4-ln,  thick.  10  to  13  ft.  long  ore  bung  tcom  UUa  concrete 
paitel  and  extend  l.S  ft.  l>elow  low  water. 

attei  Frame. — The  steelwork  at  the  two  bufldings,  S.lflT.OOO  lbs,  was  erected 
in  62  working  days,    A  locomotive  crane  was  used  In  selllDg  the  colunma  and 


FiQ.  3 


-Details  of 


ulkhea 


,B  A  and  C. 


tnisBes  whidi  were  shop  riveted  complete  with  the  exception  of  the  center 

longitudinal  and  transverse  tmssea ;  the  latter  were  sbipiied  in  two  pieces  and 
riveted  at  the  splice  before  erecting. 

5>iJe>. — The  sides  of  the  piers  were  practically  solid  vertical  rolling  lift  doors, 
the  width  andspadng  being  such  thai  the  doors  of  practicall;  ail  vessds  using 
the  pler!<  would  be  accommodated.  Three  llDes  of  windows  fltted  with  steel 
sash,  wiregtasSi  ventUatora  and  operating  device  are  provided  on  either  sMe 
for  admitting  light  and  ventilation.  No.  22  ga.  galvanized  corrugated  steel 
Biding  covers  the  ends  and  sides,  with  the  eiceptioo  of  window  and  door  space. 

Sprinkler  Sfttem. — The  warehouses  are  equipped  with  ao  automatic  dry- 
pipe  sprinkler  system  to  meet  the  underwriters'  requirements.  In  each  of  the 
14  flre  areas  two  dry  valves  are  located,  one  on  either  side  of  the  building. 
From  these  dry  valves  the  sprinkler  pipes  radiate,  the  total  number  of  sprinkler 


beads  being  5,15. 


Hose  valves  are  provided  on  each  dry  vi 
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is  equipped  with  75  ft.  of  IH  in«  Unen  hose',  nozzle  and  rack.  Alarm  gongs 
are  also  placed  outside  the  buildings,  one  to  each  dry  valve. 

Water-supply  is  furnished  from  a  100,000-gal.  steel  tank,  the  bottom  of 
which  is  90  ft.  above  the  ground.  Emergency  water-supply  will  be  furnished 
from  an  intake  in  the  edge  of  the  river  and  will  be  forced  into  the  mains  by 
two  750-gal.  per  min.  imderwriters*  centrifugal  pumps,  each  driven  by  a  100- 
hp.  motor.  The  piping  system  is  so  arranged  that  the  water  may  be  pumped 
into  the  tank  or  direct  to  the  mains. 

The  imit  cost  of  the  sprinkler  system  complete  was  $14.33  per  sprinkler 
head.  Each  sprinkler  head  covers  an  average  area  of  77  sq.  ft.,  the  imit  cost 
per  sq.  ft.  being  18.7  cents. 

Freight-handling  Equipment. — To  reach  the  decks  Of  vessels  at  various  stages 
of  the  water  and  loading,  hinged  ramp  bridges,  constructed  6f  steel  with  wood 
floors,  are  provided.  These  bridges  are  27  ft.  long  and  13  ft.  wide,  set  on  a 
hinge  20  ft.  inside  the  building  and  haviag  a  movement  iip  or  down  of  20** 
(9  ft.)  from  the  level  position.  The  bridges  are  supported  by  heavy  chains, 
being  hung  from  an  overhead  gallows  frame  set  18  ft.  from  the  hinge  end. 
Counterweights  are  used  to  assist  in  lifting  the  bridges  and  the  movement  is 
controlled  by  chain  and  worm  gearing.  The  bridge  has  a  capacity  of  10,000 
lb.  either  concentrated  on  a  small  4-wheel  truck  or  distributed. 

An  endless  sprocket  chain  sliding  on  the  surface  of  the  bridge  in  a  steel 
trough,  with  teeth  6-in.  above  the  floor  level,  is  electrically  driven  through 
transmission  shaft  and  sprocket  wheel  set  at  the  hinge  end,  and  pulls  trucks 
from  a  low  level  into  the  warehouse,  from  warehouse-up  into  a  boat,  or  holds 
back  a  load  going  in  the  opposite  direction.  This  chain  is  driven  by  a  20-hp. 
reversible  motor  operating  at  220  volts  d.c.  and  has  a  variable  speed  to  accom- 
modate any  class  of  material  being  loaded  or  unloaded.  The  teeth  on  the 
chain  engage  the  axle  of  a  truck,  and  a  load  of  4,000  lb.  may  be  handled  at  a 
speed  of  125  ft.  per  min.  At  250  ft.  per  min.  four  individual  loads  of  1,000  lb., 
and  at  400  ft.  per  min.  eight  individual  loads  of  500  lb.  may  be  handled,  the 
total  load  at  all  speeds  amounting  to  4.000  lb.  The  chain  is  located  4H  ft.- 
f  rom  the  edge  of  the  ramp  bridge,  and  will  permit  an  empty  truck  to  pass  in 
one  direction  while  the  load  is  moving  in  the  opposite  direction. 

Forty-six  bridges  are  provided  on  the  two  warehouses,  34  being  equipped 
with  elevators,  and  the  spacing  has  been  made  to  flt  the  doors  in  any  vessels 
operated  by  the  different  steamship  companies  discharging  at  the  space 
assigircd. 

Costs  of  Steamship  Piers,  PhiUdelphia,  Penn. — ^In  1913  and  1914,  the 
department  of  Docks,  Wharves  &  Ferries  of  the  city  of  Philadelphia,  received 
bids  for  two  steamship  piers  to  be  located  in  the  Delaware  River,  in  the  new 
Southwark  improvement.  On  account  of  radical  local  differences  of  opinion 
as  to  the  relative  economy  of  various  types  of  design,  the  department  made 
five  different  designs,  three  for  one  pier  and  two  for  the  other,  all  of  the  designs 
being  for  the  same  dimensions  and  loadings.  Bids  were  received  on  all  flve 
designs  and  in  addition  one  bidder  submitted  a  sixth  design.  The  following 
details  of  the  designs,  the  bid  figures,  the  department's  comments  upon  the 
designs  and  bids  are  given  in  Engineering  News,  May  28,  1914. 

Comments  by  Department  of  Wharves,  Docks  and  Ferries. — The  accompanying 
prices  are  for  the  construction  of  the  substructures  only,  and  do  not  include  any 
portion  of  the  sheds.  All  of  the  pier  types  mentioned  are  similar  in  general 
dimensions,  in  height  of  deck  (12  ft.  above  mean  low  water),  and  in  the  super- 
posed loads  for  which  they  are  designed.     The  main  deck  slab  is  designed  for 
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a  superposed  load  of  600  lb.  i)er  sq.  ft.,  and  the  column  bases  for  a  second  floor 
superposed  load  of  000  lb.  per  sq.  ft.  and  a  roof  total  load  of  70  lb.  per  sq.  ft. 

In  comparing  the  prices  obtained  under  schedules  "A,"  "B"  and  "C,"  in 
November,  1913,  with  those  under  schedules  "D"  and  "E,"  in  March,  1914, 
the  following  differences  in  conditions  should  be  taken  into  consideration:  In 
the  "A,"  "B"  and  "C"  bids  the  deck  paving  was  included.  The  price  on 
this  in  the  low  bid  was  about  $18,000,  or  $0.18  per  sq.  ft.  of  gross  area  of  the 
pier.  This  should  be  added  to  the  square-foot  price  of  bids  "D"  and  "E" 
to  make  a  proper  comparison.  Also,  owing  to  a  change  In  the  specification 
requirements  for  piles  between  the  first  and  second  biddings,  changing  from 
15  in.  diameter  4  ft.  from  the  butt  in  the  first,  to  14  in.  diameter  2  ft.  from  the 
butt  in  the  latter,  an  estimated  allowance  of  $10,000,  or  $0.10  per  sq.  ft.  of  pier 
area,  should  be  added  to  the  square-foot  prices  of  bids  "  D  "  and  "  E  "  to  make 
a  proper  comparison. 

The  quotation  for  the  "  C"  type  includes  $25,000  for  riprap.  This  was  to 
be  deposited  at  the  toe  of  the  sheet  piling  and  was  included  because  it  is  an 
essential  portion  of  the  design.  The  prices  for  the  other  different  types  do 
not  include  cobble  or  gravel  fill.  It  is  estimated  that  there  will  probably  be 
$10,000  expended  for  this  material  to  give  lateral  support  to  the  piles.  This 
costs  per  square  foot  of  pier  area  for  all  types  but  *'  C,"  approximately  $0.10. 

The  prices  under  Alternate  Bids  are  the  quotations  of  the  Raymond  Con- 
crete Pile  Co.  and  were  used  in  determining  the  minimum  and  maximum  costs. 

Following  is  a  brief  desoription  of  each  type: 

Type  "A"  consists  of:  A  double  row  of  piles  in  transverse  bays,  on  20-ft. 
centers  longitudinally,  cut  off  in  a  plane  approximate  1.5  ft.  above  low  water. 
The  piles  are  clamped  and  capped,  and  this  framing  covered  with  a  light  timber 
deck,  upon  which  are  set  concrete  walls  approximately  H  ft.  high.  These 
support  a  system  of  reinforced-concrete  floor-beams  and  slabs.  On  the  slabs 
the  deck  paving  is  laid. 

Type  "5"  consists  of:  Timber  piling  driven  on  5-ft.  centers  longitudinally 
and  transversely,  cut  off  approximately  1.5  ft.  above  mean  low  water,  then 
clamped  and  capped,  and  upon  the  caps  a  heavy  decking  placed,  which  forms 
a  timber  platform  covering  the  whole  pier  area  at  an  elevation  of  approxi- 
mately 3  ft.  above  mean  low  water.  On  the  outer  edges  of  this  decking,  along 
the  sides  and  ends  of  the  pier,  concrete  walls  are  constructed  approximately 
11  ft.  in  height.  A  dry  flll  is  deposited  on  the  platform,  retired  by  these 
concrete  walls,  and  brought  to  the  subgrade  of  the  paving.  Upon  this  fill,  a 
6-in.  concrete  base  is  placed,  on  which  the  paving  is  laid. 

Type  "  C"  consists  of:  A  solid  earth  fill  retained  by  bulkhead  walls  on  the 
sides  and  outshore  end  of  the  pier.  For  these  bulkheads,  piles  are  driven 
approximately  5  ft.  on  centers  in  both  directions,  clamped  and  ci^ped,  upon 
which  a  heavy  timber  platform,  approximately  25  ft.  wide,  is  laid.  Its  surface 
is  3  ft.  above  mean  low  water.  Timber  sheet-piling  is  driven  alol)g  the  inner 
edge  of  this  platform  and  a  concrete  wall  approximately  11  ft.  high  constructed 
on  the  outer  end  of  it.  This  construction  is  essentially  a  bulkhead  type  and 
practically  consists  merely  of  the  standard  bulkhead  section  as  used  at  the 
ends  of  the  doclcs,  extended  around  the  three  sides  of  the  pier.  Transverse 
reinforced-concrete  ties  connect  the  longitudinal  bulkhead  wall  together.  A 
wet  or  dry  fill  ia  deposited  behind  the  sheet-piling  and  on  the  platform  and 
brought  to  the  underside  of  the  6-in.  concrete  slab  which  supports  the  paving. 

Alternate  Bid  (Raymond  Concrete  Pile  Co.)  consists  of:  A  solid  earth  fill 
retained  by  reinforced-concrete  sheet-piling  20  in.  thick.     This  sheet-piling 
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is  driven  13  ft.  back  from  the  sides  of  the  pier.  The  design  of  the  column 
footings  inside  of  the  rows  of  sheet-piling  is  similar  to  those  of  Type  "  D  " — 
that  is,  concrete  pedestals  supported  on  timber  piling.  The  center  rows  of 
column  bases  outside  of  the  sheeting  are  supported  on  concrete  pedestals, 
each  one  carried  by  five  reinforced  piles  18  in.  square.  Transverse  reinforced- 
concrete  beams  12  X  18  in.,  running  from  side  to  side  of  the  pier,  on  20-ft. 
centers,  tie  the  construction  together.  The  wall  and  sheeting  across  the 
outshore  end  of  the  pier  are  held  in  place  by  reinforced-coms'ete  ties  running 
to  concrete  blocks,  supported  and  braced  by  vertical  and  inclined  timber  piles. 

Type  "  i>"  consists  at:  Timber  piling  in  transverse  bays,  spaced  10  ft.  c.  to 
c,  cut  off  and  clamped  at  about  12  ft.  above  mean  low  water.  Upon  these 
damps  a  10-in.  reinforced-concrete  floor  slab  is  constructed.  On  this  slab 
the  deck  paving  is  laid.  In  addition  to  the  above  clamps  a  lower  set  is  Also 
provided  at  about  2  ft.  above  mean  low  water  and  the  piles  are  thoroughly 
braced  together  both  longitudinally  and  transversely. 

Type  "  E"  consists  of:  Piles  driven  in  (dusters  about  20  ft.  apart  c.  to  c,  in 
transverse  bajrs,  spaced  on  20-ft.  centers.  These  piles  are  clamped  and  decked 
over  at  about  2.5  ft.  above  mean  low  water  to  support  concrete  pedestals. 
These  pedestals  are  approximatdy  1 1  ft.  high  and  from  them  spring  the  girders 
of  a  reinforced-concrete  floor  system  of  beams  and  slabs.  On  the  surface 
of  the  slabs  the  deck  paving  is  laid. 

The  ruling  considerations  in  these  deidgns  were:  First,  x>ractical  permanency 
of  construction  and  second,  as  great  a  degree  of  econmny  as  was  consistent 
with  permanency  and  stability.  No  marine  borers  of  any  type  are  prevalent 
in  the  waters  of  the  Delaware  River  as  far  up  as  Philadelphia  and  consequently 
no  necessity  existed  for  providing  in  these  designs  against  their  attacks. 

All  of  these  designs  are  considered  to  be  of  i>ermanent  character,  except 
Type  "D."  In  this  the  timber  piles  extend  up  to  the  bottom  of  the  main 
deck  slab,  at  elevation  approximately  12  ft.  above  mean  low  water,  and  their 
upper  ends  would  be  subject  to  complete  renewal  in  from  ten  to  fifteen  years. 
The  i>ortion  of  the  structure  subject  to  decay  is  readily  renewable  in  this  type, 
and  it  was  thought  originally  that  a  material  saving  in  first  cost  might  be 
accomplished  by  this  design  sufficient  to  offset  its  partially  temporary  char- 
acter. The  difference  in  bid  prices  obtained,  however,  was  not  sufficient  to 
Justify  the  adoption  of  this  type  in  the  contract  award. 

Of  the  four  permanent  types,  the  **E"  design,  or  the  so-called  concrete- 
beam  type,  is  the  most  economical  for  the  particular  width  of  pier  under  con- 
sideration, and  presumably  for  narrower  ones.  A  comparison  of  the  unit 
prices  named,  indicates  that  this  type  will  continue  to  be  the  most  economical 
for  piers  up  to  200  ft.  in  width.  For  widths  above  this,  the  "  C '*  design,  or  the 
solid  earth-fill  type,  would  be  cheaper  under  local  conditions  in  Philadelphia, 
its  economy  over  the  other  designs  increasing  steadily  with  the  width  of  the 
pier. 

The  D^Mirtment  of  Wharves,  Docks  and  Ferries  has  adopted  a  policy  of 
wide-'pier  construction  for  city  wharves,  it  being  believed  that  structitfes  of 
upwards  of  300  ft.  in  width  are  necessary  to  properly  accommodate  the  hand- 
ling and  storage  of  inbound  and  outbound  cargo  ot  large,  modem  ocean 
freightcarriers,  so  that  the  solid  earth-fill  type  will  probably  be  generally 
used  for  future  municipal  steamship  piers. 

Life,  Maintenance  and  Cost  of  PHt  Piers  with  Timber  and  Concrete  Decks. 
Charles  W.  Stimiford,  Proc.  A.  S.  C.  E.,  Vol.  XXXIX,  gives  the  following 
(see  £2ngineering  and  Contracting,  June  18,  1913). 
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The  United  States  Government  requires  that  all  piers  constructed  beyond  tbe 
bulkhead  line,  along  the  entire  water  front  of  New  York  harbor,  must  be  of 
such  construction  that  the  free  flow  of  the  tidal  water  shall  remain  uninter- 
rupted by  supporting  columns. 

The  pier  which  meets  these  requirements,  and  was  adopted  by  the  city  in 
its  early  history  as  the  type  of  structure  for  berthing  vessels  (and  also  ad<^ted 
by  all  private  and  corporate  interests),  is  a  wooden  structure  throughout, 
consisting  of  a  deck  resting  on  piles  driven  into  ^e  mud  or  hard  bottom. 
The  physical  features  ot  the  harbor,  the  geological  formation  of  the  bottom* 
and  the  condition  of  the  water,  fortunately  permit  the  adoption  of  this  type 
of  construction*  which,  in  many  other  parts  of  the  world,  is  not  adaptable 
because  the  life  of  the  timber  itself  in  the  water  would  not  be  permanent  or 
fairly  long.  Wood-boring  animals,  the  teredo,  limnoria,  etc.,  are  very  little 
In  evidence,  and,  therefore,  wooden  piles  are  practically  permanent  below 
the  water-line  in  almost  all  parts  of  New  York  harbor. 

The  prominent  objectionable  feature  to  wooden  pier  construction  is  the 
expense  necessitated  by  the  constant  repairs  of  the  deck  sheathing  and  the 
continuous  wear  and  tear  of  the  fender  Systran  extending  along  Uie  sides  and 
outer  ends  (^  the  piers.  As  to  the  remainder  at  the  structure,  piles,  floor 
system,  etc.,  its  maintenance  and  repair  is  very  economical  and  consists 
generally  in  the  replacement,  from  time  to  time,  here  and  there,  of  decayed 
portions  ef  the  timber  above  mean  low  water  only,  at  inc<msiderable  expense. 

Until  sevrai  or  eight  years  ago,  the  piers  were  generally  built  with  decks  of 
yellow  pine,  4  ins.  tiiick,  laid  on  a  syst^n  of  yellow  pine  floor  structure  of 
rangers  and  stringers.  This  deck  plank  in  turn  was  covered  with  a  second 
layer  of  either  3  or  4-in,  plank  ^leathing,  laid  diagooaUy  or  at  right  angles  to 
the  deck  proper,  to  form  a  wearing  surface  for  tbe  traffic. 

Constant  repairs  and  renewal  of  this  deck  sheathing,  caused  by  the  wear 
and  tear  of  team  traffic,  is  augmented  in  great  measure  by  the  moisture, 
horse  urine,  etc.,  which  saturates  the  wood  and  eventually  finds  its  way  to  the 
underlying  deck  and  rangers.  This  forms  the  greatest  item  incident  to  the 
expense  of  pier  maintenance,  the  average  life  of  the  sheaUiing  for  most  busy 
piers  being  about  six  years,  or  requiring  a  17  per  cent  renewal  annually.  As 
the  cost  of  the  deck  sheathing  is  generally  about  12  per  cent  of  the  total  cost 
of  a  pier,  it  wiU  be  seen  that  these  sheathing  repairs  would  aggregate  2  per 
cent  per  annum  of  the  cost  ol  the  entire  structure. 

The  imit  cost  of  construction  of  a  pier  depends  in  a  large  measure  on  the  sin 
of  a  pier.  As  the  outer  portions,  the  sides,  and  outer  end  of  a  large  pier  are 
more  rigid  and  heavier  than  those  of  a  smaller  pier,  and  therefore,  cost  more  in 
both  labor  and  material,  the  relative  cost  per  square  foot  of  a  short  pier  is 
considerably  larger  than  that  of  a  long  <me.  The  average  cost  of  the  old 
wooden  deck  pier  of  large  dimensions  is  from  Sl.OO  to  $1.15  per  square  foot. 

Notwithstanding  the  necessity  for  constant  repairs  to  the  deck  sheathing  of 
the  woodrai  pier,  the  parts  of  the  remainder  of  the  structure — rangers,  caps, 
stdngraw.  piles,  and  bracing — g^ve  excellent  service.  Maintenance  is  econcm- 
ical,  the  average  life  of  the  structure  above  mean  low  water  line  being  from 
20  to  25  years,  the  repairs  aggregating  an  entire  renewal  above  low  water  in 
that  period  of  time.  As  the  life  of  the  piles  supporting  the  structure  is  prac 
tically  permanent  when  submerged  below  the  water,  the  entire  structure  can 
be  rebuilt  alter  this  period  and  made  practically  new  by  "buich  i^tpping" 
such  piles  as  may  be  decayed  above  the  water  line  and  renewing  the  stringers, 
caps,  deck,  and  sheathing;  in  other  words,  the  pier  structure. proper,  after  a 
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life  of  25  years,  is  readily  susceptible  of  renewal  above  the  water  line, 
the  supporting  piles  below  that  line  being  to  all  Intents  and  purposes 
permanent. 

It  was  with  the  object  of  eliminating  this  large  repair  expense  incidental 
to  the  maintenance  of  the  sheathing,  and  reducing  maintenance  cost  generally, 
that  the  Engineering  Biu«au  of  the  Department  of  Docks  and  Ferries,  under 
the  direction  of  J.  A.  Bensel,  then  Commissioner  of  Docks,  about  seven  years 
ago,  began  a  serious  investigation  and  study  of  the  problem  of  producing  a 
permanent  deck  surf  ace  supported  by  timber  piles,  assumed  as  permanent 
below  the  water  line. 

This  study  has  resulted  in  the  entire  elimination  of  the  old  style  of  wooden 
deck  in  new  structures,  and  the  production  of  a  new  tji>e  consisting  of  rein- 
forced concrete  laid  directly  on  tbe  transverse  cap  system  of  the  wooden  pier 
substructure.  This  concrete  is  laid  in  slabs,  spanning  the  pile  bents  practi- 
cally as  simple  beams. 

This  new  type  of  deck  eliminates  not  only  the  4-iiv.  deck  sheathing,  but  also 
the  4-ln.  deck  proper  and  the  underlying  12  X  12-ln.  yellow  pine  ranger  system 
longitudinally  of  the  pier  on  top  of  the  transverse  cap  system,  further  increas- 
ing the  life  of  the  substructure. 

A  structure  was  thus  evolved  which  had  a  permanent  deck  practically 
impervious  to  the  penetration  of  moisture  to  the  substructure,  readily  renew- 
able from  low  water  to  the  under  side  of  the  concrete  deck,  and  permanent 
below  the  water  line,  with  a  first  cost  about  equal  to  that  of  the  old  wooden 
deck  pier. 

Definite  illustrations  of  this  final  type  of  pier  construction  are  found  in  the 
two  new  piers  recently  completed  by  the  Department  of  Docks  and  Ferries 
at  the  Growanus  section.  South  Brookljrn,  one  at  the  foot  of  31st  St.,  1,475  ft. 
long,  and  the  second  at  the  foot  of  33d  St.,  1,616  Ft.  long,  each  pier  being  150 
ft.  wide.  These  piers  are  among  the  finest  in  the  harbor,  and  are  probably 
the  largest  of  their  type  in  the  world.  The  imit  cost  is  practically  the  same  as 
that  of  the  old  wooden  deck  tyi)e.  The  decks  have  a  crown  of  about  8  ins. 
in  order  to  shed  the  water.  The  inshore  end  of  the  concrete  deck  rests  on  the 
bulkhead  wall,  but  is  not  attached  thereto,  a  horizontal  plant  joint  allowing 
the  deck  to  slide  on  the  wall  as  it  expands  or  contracts  on  account  of  changes 
of  temperature. 

All  these  piers  have  been  built  where  the  condition  of  the  river  bottom 
underlying  them  was  such  that  no  settlement  could  occur,  and  they  have 
behaved  admirably.  No  repairs  have  been  necessary,  except  to  the  fender 
system,  and  none  are  anticipated  for  many  years  to  come,  excepting  the 
renewal  here  and  there  of  an  imperfect  pile,  where  rot  may  appear  above  the 
water  line.  Such  renewals  can  be  made  at.  a  minimum  of  cost — a  few  dollars 
per  pile — by  bench-capping,  without  any  interference  whatever  with  the 
integrity  of  the  reinforced  deck  itself. 

Economy  being  a  prime  factor  in  its  construction,  it  was  decided  to  try 
out  the  concrete  deck  surface  for  wear  and  tear  of  heavy  team  traffic,  and  the 
earlier  decks,  therefore,  were  finished  with  a  smooth  mortar  surface  to  receive 
this  traffic.  Two  years  of  experimenting  on  these  lines  determined  the  fact 
that  though  the  concrete  surface  was  admirably  adapted  to  light  traffic,  cargo 
handling  by  hand  or  motor  trucks,  etc.,  it  could  not  stand  the  concentration 
of  heavy  team  traffic  confined  within  narrow  lanes  located  generally  in  tbe 
center  of  the  pier.  The  grinding  and  turning  of  heavily  laden  trucks  inside 
these  narrow  lanes  or  zones  gradually  caused  surface  rupture  of  the  top  coat 
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of  mortar.  It  was  decided,  therefore,  to  place  an  asphalt  wearing  surfaeet 
on  the  deck,  and  this  has  proven  very  effective. 

The  piers  at  the  foot  of  Slst  and  83d  streets,  South  Brooklyn,  have  been  in 
service  for  about  three  years.  No  signs  of  cracking  or  other  imperfections 
have  appeared,  and  the  piers,  as  a  whole,  are  a  complete  success. 

The  cost  of  construction,  maintenance  and  repair  of  wooden  deck  piers  is 
given  in  Table  II. 

Table  II. — Cost  of  Construction,  Maintbnancb  and  Rbpairs 

(Average  cost  of  construction  of  wooden  deck  piers.  $1  to  $1.15  per  square  foot.) 

Repair  costs  of   wooden  deck  pier 

Percenta«e 
of  total 
Description  original  cost      Renewal  required 

Sheathing.... 12.0        Every    6  years 

Backing  log 1.8        Every    8  years 

Fender  chocks,  including  vertical  sheathing  4. 0        Every  10  years 

Fender  piles 4.7        Every  12  years 

Decking 11.3         Every  16  years 

Bracing 7.1         60  %  in  every  20  yrs. 

Rangers  and  caps 24. 4         60  %  in  every  20  yrs. 

Piles.. 34.7        33H %  every  20  yrs. 

Concrete  deck  pier: 

Cost  of  construction,  Slst  street  pier,  South  Brooklyn,  no  asphalt  sur- 
face, per  sq.  ft $0. 87 

Cost  of  construction,  33d  street  pier,  South  Brooklyn,  with  asphalt 
surface,  sq.  ft 0. 07 

For  the  modem  type  of  concrete  deck  pier,  the  cost  of  maintaining  the 
fender  system  is  about  the  same  as  that  for  the  wooden  pier;  deck  sheathing 
repairs  are  practically  eliminated,  except  such  minor  asphalt  patching  as  may 
be  required,  and  can  be  considered  negligible  in  a  good  asphalt  deck  under 
cover;  the  deck  plank  is  eliminated;  the  life  of  the  ranger  and  cap  system  is 
prolonged  by  the  protection  from  moisture  given  by  the  impervious  concrete 
deck,  and  the  cost  of  maintenance  and  repairs,  therefore  is  reduced  to  a 
minimum. 

Reinforced  Concrete  Wharf,  Oakland  Harbor,  CaL — The  general  plan  and 
some  details  of  the  construction  of  this  Wharf  are  given  in  Fig.  6. 

Wm.  Clyde  Willard  and  Fred  W.  Johnson  give  the  cost  of  this  wharf  in 
Engineering  and  Contracting,  July  16,  1913,  as  follows: 

The  work  on  the  wharf  was  started  June,  1911,  and  completed  April,  1912 
the  contract  price  being  $119,440.67,  with  extras  of  $606.76,  totaling  $119.- 
047i33  or  $3.40  sq.  ft.  A  somewhat  elaborate  analysis  of  costs  was  made  by 
the  city  on  this  work,  and  according  to  the  data  thus  obtained  Table  III  has 
been  complied  and  gives  the  itemLsed  cost  of  all  material  used  In  constructing 
the  wharf. 

The  wharf  is  of  reinforced  concrete  construction  throughout,  and  is  one 
of  the  most  modem  types  to  be  found  on  the  Pacific  Coast.  The  wharf  is 
124  ft.  X  295  ft.,  resting  on  422  octagonal  reinforced  concrete  piles  varying 
in  length  from  30  to  60  ft. 

The  piles  were  molded  about  800  ft.  from  the  wharf  site  and  were  hauled 
to  the  site  on  a  car  drawn  by  one  horse.  Four  laborers  at  $2.60  per  day  were 
employed  to  move  the  piles  from  the  yard  to  a  receiving  platform,  near  the 
wharf.  The  car  carried  but  one  pile,  which  was  rolled  to  it  and  loaded 
thereon  by  use  of  skids  and  block  and  tackle,  two  horses  being  used  to  haul 
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tb*  tMida.  AdoDkayenglDawMatant  Med  for  this  work  but  proved  to  be 
too  exi>enslTe.  From  the  receiving  pIMtorm  the  pUce  were  loaded  by  the 
floctlDg  dilver  onto  a  buge,  the  bmlie  holdins  about  elcht  pilea,  and  hauled 
to  the  dealKd  locMion  at  the  whart. 

UoldinB  P^t. — The  bottom  for  the  pile  forms  was  made  of  two  3  X  10-ln. 
pieces  clemted  togetliei.  3,000  lin.  ft.  of  ttab  being  used.  Tlie  sides  nwe  of 
2-ln.  plank  with  triangular  strips,  having  appTOxlmalel?  a  7-1d.  face  naited 
on  at  top  and  bottom  ao  that  when  the  two  sktes  n«ie  idaeed  on  the  bottran  a 


Fio.  e. — Flan  and  dstaih  of  livfl«rtoD  Bt.  Wharf,  Oaklaod  Hacboc 

eroas  section  of  the  enclosed  space  was  approxlinately  an  octagon  whose 
diameter  between  faces  was  10  hu.  A  total  of  2,300  Un.  ft.  of  sides  were  >wed. 
Fig.  T  shows  the  details  of  the  rdnforoement  and  Jet  pipe. 

To  make  thelomi.  a  bottom  □(  the  desired  length  was  placed  on  the  BTOund, 
shimmed  to  a  firm  and  even  bearing,  and  the  steel  (age  of  reinforcement  placed 
en  tim  bottom  by  laborers.  (The  cages  were  built  by  union  labor  at  S6  per 
day  for  foremen  and  tS  per  day  tot  iron  workers.)  The  sides  were  put  Ib 
nlace  by  carpenters  at  t3  to  W  per  day.  toe-nailed  to  the  bottom  and  tkd 
^tber  at  the  top  with  1  x  2-ln.  deals.    The  steel  and  Jet  pipe  were  sus- 
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pended  by  wire  from  these  cleats.    Headers  were  then  placed  at  each  end,  the 
form  thoroughly  wetted  and  the  concrete  poured.    The  day  followincr  the 
pouring  of  the  concrete  these  sides  were  removed,  cleaned  and  used  again. 
Four  days  after  pouring,  the  pile  was  roUed  off  the  bottom,  which  was  then 
cleaned  and  re-used.    A  total  of  424  piles,  only  two  in  addition  to  the  number 
actually  used  in  the  wharf,  were  molded,  and  at  the  end  of  the  work  the  forms 
were  still  in  good  condition.    The  form  work  was  not  economically  handled 
and  the  cost  of  this  item  was  relatively  high,  being  nearly  $1  per  ft.  of  pile. 
Of  the  1,047.5  bbls.  of  cement  used  in  the  piles,  986  bbls.  were  delivered 
f .  o.  b.  the  job  at  $2.05  and  the  balance  by  team  at  $2.20.    The  rock,  sand  and 
screenings  were  delivered  by  team,  the  haul  being  about  one-half  mile.     The 
concrete  was  mixed  by  an  old  type  Ransome  mixer  in  poor  condition,  run  by  a 
gasoline  engine  which  caused  considerable  trouble.     From  time  to  time  the 
mixer  was  moved  along  the  work  so  that  the  round  trip  from  the  mixer  to 
forms  was  about  75  ft.    An  extra  wet  mixture  was  used  and  was  hauled  in 
wheelbarrows  holding  3  cu.  ft.     The  labor  consisted  of  a  crew  of  from  11  to 
14  men,  exclusive  of  laborerswho  brought  the  cement  from  the  storehouse. 


Fia.  7. — Details  of  reinforced  concrete  pile,  Oakland  Harbor. 

The  concrete  mixtures  specified  were:  For  40-ft.  piles,  1:2:4;  for  30  and 
34-ft.  piles,  1  of  cement  to  2  of  sand  to  2  of  screenings  to  2  of  rock;  for  the  48 
and  50  piles,  1:1H:1H*1M-  On  account  of  the  character  of  the  materials 
these  mixtures  were  changed  slightly  by  making  an  excess  of  grout  and  reduc- 
ing the  quantity  of  stone. 

Driving  Piles. — The  piles  were  driven  by  jetting  and  churning,  a  drop  of 
from  6  ins.  to  2  ft.  appearing  to  give  the  best  results.  The  time  of  driving 
averaged  from  one  to  two  hours.  In  using  a  longer  drop,  it  was  found  that 
the  material  caved  imder  the  end  of  the  pile,  and  also  that  in  penetrating  a 
layer  of  cemented  gravel  which  imderlaid  part  of  the  work  the  square  edges 
at  the  end  of  the  pile  became  rounded.  An  attempt  was  made  to  do  the 
driving  with  a  steam  hammer  by  using  a  special  iron  follower  so  cast  as  not  to 
interfere  with  the  reinforcing  rods,  which  projected  2  ft.  beyond  the  top  of 
the  piles,  and  inserting  a  wooden  cushion  block  between  the  pile  and  follower. 
However,  the  outer  edge  of  the  head  of  the  pile  chipped  off  during  driving  and 
the  method  was  abandoned. 

The  jet  was  supplied  by  two  pumps  developing  a  pressure  of  about  80  lbs. 
per  square  inch.  A  floating  driver  working  two  shifts  drove  348  piles;  and  74 
piles  inshore  were  driven  with  a  top  driver  on  false  work,  the  two  drivers 
being  similarly  equipped.  The  crew  consisted  of  a  foreman  at  $6,  engineer  at 
$5  and  four  journeymen  at  $4  per  day. 

In  driving  the  48  and  50-ft.  piles  inshore,  some  difficulty  was  encountered  in 
penetrating  the  layer  of  cemented  gravel  4  to  10  ft.  thick  and  lying  at  a  depth 
of  35  to  40  ft.  below  mean  tide.  This  layer  inclined  towards  the  water  and 
only  seriously  interfered  with  the  driving  of  the  piles  nearest  shore.  In 
order  to  get  the  piles  through  this  stratum  it  was  necessary  to  use  a  mud  pump, 
the  time  of  pumping  averaging  from  two  to  three  hours. 

In  order  to  prevent  the  concrete  in  the  pile  from  cracking  under  its  own 
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weight  while  being  hoisted  into  the  gins,  all  48  and  60-ft.  piles  were  braced 
with  12  X  12-in.  stiffening  timber  30  ft.  long,  firmly  clamped  to  the  pile. 
The  average  time  of  placing  stiffening  timber  and  adjusting  hoisting  collar 
was  about  40  minutes. 

Occasionally  the  jet  pile  would  become  plugged  by  the  edges  of  the  pipe 
jamming  together  at  the  lower  end.  When  this  occurred  the  pile  was  hoisted 
into  the  gins  and  the  hole  drilled  out.  In  a  few  cases  the  nipple  at  the  upper 
end  of  the  jet  pipe  was  f  oimd  plugged  with  concrete,  in  which  case  a  hole  was 
drilled  into  the  jet  pipe  lower  down  the  pile  and  a  new  nipple  inserted  and 
calked  with  lead.  With  the  exception  of  the  layer  of  cemented  gravel  all 
other  material  encountered  in  driving  was  compact  blue  clay  and  mud.  After 
being  driven,  each  pile  was  sprung  into  place  and  held  so  by  3  X  4-in.  timber 
ribbons  bolted  around  the  pile  with  ^-in.  bolts.  The  friction  of  these  ribbons 
on  the  piles  was  sufficient  to  carry  the  weight  cft  the  deck  forms. 

Brace  Walla. — The  concrete  brace  walls,  each  enclosing  five  of  the  concrete 
piles,  were  constructed  as  part  of  the  substructure  of  the  wharf,  as  shown  by 
Fig.  6.  A  cofferdam  of  2-in.  T  &  G  sheet  piling,  about  10  X  60  ft.,  was  driven 
for  each  brace  wall  and  left  in  place  after  the  work  was  finished. 

The  construction  of  brace  walls  was  poorly  handled,  the  machinery  almost 
worn  out,  and  on  brace  walls  Nos.  1  and  2  there  was  considerable  overtime 
work  at  time  and  a  half,  all  of  which  unnecessarily  increased  the  costs,  which 
were,  for  brace  walls  Nos.  1,  2  and  3,  $1,293,  $878  and  $626,  respectiv^y. 

Deck  Forms. — All  form  lumber  was  2-in.  plank  with  the  exception  of  the 
side  pieces  on  the  pile  caps,  which  were  4  X  12  ins.  The  lumber  was  ordered 
for  half  of  the  wharf  only  and  was  re-used  for  the  second  half. 

Concrete. — The  rock,  sand  and  cement  for  the  deck  structure  were  delivered 
on  barges,  from  which  they  were  fed  directly  to  the  mixer,  a  one-half  yard 
Smith  in  fair  condition,  run  by  a  vertical  steam  engine  supplied  by  steam  from 
a  separate  donkey  boiler.  This  machinery  was  mounted  on  a  30  X  50-ft. 
barge.  From  the  mixer  the  concrete  was  hoisted  vertically  to  a  hopper  about 
30  ft.  above  and  poured  by  a  10-in.  O.  D.  casing  some  50  ft.  long,  a  length 
sufficient  to  reach  the  center  of  the  wharf.  This  tube  was  suspended  from  a 
boom,  and  by  mooring  the  barge  the  concrete  could  be  poured  at  any  point  on 
half  of  the  wharf  during  any  stage  of  the  tide. 

Two  hinged  chutes  about  40  ft.  long,  hoisted  by  a  gypsy,  were  attached  to 
the  rear  of  the  mixer  barge  and  extended  out  over  the  material  barge.  The 
rock  and  sand  were  shoveled  into  these  chutes,  the  outer  ends  of  which  were 
then  hoisted  by  the  gypsy  so  that  the  contents  dumped  into  iron  dump  cars, 
which,  in  turn,  were  run  up  an  incline  and  dumped  into  the  mixer.  These 
chutes  were  8  X  18  ins.  and  as  each  running  foot  of  chute  contained  1  cu.  ft., 
it  made  a  very  convenient  method  of  measuring  quantities.  The  capacity  of 
the  dump  cars  was  insufficient  to  supply  the  full  capacity  of  the  mixer,  so  that 
on  the  outer  half  of  the  wharf  only  H  cu.  yd.  of  mix  was  obtfUned.  For  the 
work  on  the  other  half,  side  boards  were  placed  on  the  cars  and  the  mixer 
charged  to  its  full  capacity  of  K  cu.  yd. 

From  30  to  33  men  distributed  as  follows  were  required  to  handle  the  equip- 
ment on  the  wharf:  One  foreman  at  $6  to  direct  the  placing  of  concrete  and 
handling  of  barge;  one  man  at  $4  to  swing  tube;  three  men  at  $4  shoveling 
and  tamping.  On  the  barge:  One  finisher  at  $6;  one  engineer  at  $5  hoisting 
skip  and  dump  cars;  one  engineer  at  $5  on  mixer  engine;  one  man  at  $4  on 
gypBy  hoist;  three  men  at  $4  to  handle  mooring  lines;  two  men  at  $2.50  firing 
boilers;  two  men  at  $2.50  handling  cement;  one  man  at  $4  cleaning  hopper; 
94 
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11  to  14  men  at  $4  running  mixer,  shoveling,  etc. ;  2  to  6  men  at  $2.50  shoveling. 
The  mixer  averaged  about  25  batches  per  hour,  as  the  dump  cars  did  not 
deliver  the  material  fast  enough  to  keep  it  supplied. 

Considerable  time  was  lost  in  moving  the  barge  to  change  the  location  of  the 
tube,  which,  in  reality,  was  too  cumbersome  for  the  work  it  was  required  to  do. 
Had  the  mixer  been  of  1-yd.  capacity  the  cost  could  have  been  greatly  reduced, 
as  doubling  its  capacity  would  have  required  only  about  four  men  in  addition 
to  the  actual  crew. 

Fenders,  Etc. — The  fender  piles  which  were  treated  with  a  12-lb.  treatment 
of  creosote,  were  driven  by  a  top  driver  on  the  wharf.  The  averag^e  time  of 
trimming  the  head  of  a  pile  and  getting  it  into  the  gins  was  15  minutes.  The 
time  of  driving  was  from  5  to  7  minutes.  The  waling  was  formed  in  sections 
and  hoisted  into  place. 

The  railroad  tracks  on  the  wharf  were  of  141-lb.  grooved  rails  without 
spacers,  embedded  in  concrete. 

Cott  of  CellttUr  Concrete  Soperstractures  for  Timber  Piers. — J.  A.  B. 
Tompkins  in  Professional  Memoirs,  describes  the  methods  and  costs  of  repair- 
ing timber  piers  and  jetties.  The  following  matter  is  ti^en  from  an  abstract 
of  Mr.  Tompkins'  paper  published  in  Engineering  and  Contracting,  Au^.  22. 
1917. 

Concrete  superstructures  are  cellular  in  type,  consisting  of  two  parallel 
walls  connected  at  intervals  of  about  8  ft.  by  cross  walls  from  12  to  18  in.  thick, 
thereby  forming  open  pockets  or  "cells"  which  are  filled  with  rubble  stone. 
The  superstructure  is  built  in  monolithic  sections,  24  or  25  ft.  in  length,  and  is 
provided  with  a  continuous  walk  of  reinforced  concrete  slabs,  supported  by  the 
cross  walls. 

In  all  cases  where  an  old  pier  is  to  be  provided  with  concrete  superstructure 
of  this  type,  the  work  has  been  done  by  hired  labor  and  use  of  Government 
plant. 

The  w<Nrk  of  building  cellular  superstructures  on  old  piers  does  not  require 
a  large  or  special  plant.  The  plant  now  being  used  in  the  Milwaukee  District 
for  such  work  consists  of  a  floating  derrick  of  3  to  5  tons'  capacity,  two  flat 
scows,  and  a  small  gasoline  tug.  A  steam-driven  concrete  mixer,  having  a 
capacity  of  about  two-thirds  of  a  yard  of  flnished  concrete,  is  placed  on  one 
scow;  the  other  scow  is  used  for  carrying  materials.  With  this  plant  and  a 
crew  of  about  15  to  20  men,  from  200  to  300  lin.  ft.  of  superstructure  are  built 
per  month,  including  the  cutting  down  of  the  old  pier. 

The  total  cost  of  the  concrete  superstructures  described,  including  the  cost 
of  cutting  down  and  preparing  the  old  pier  for  reception  of  the  superstructure, 
has  been  from  about  $12  to  $15  per  linear  foot  of  pier,  depending  upon  the 
width  of  pier,  which  usually  varies  from  14  ft.  to  18  ft.  center  to  center  of 
parallel  rows  of  round  piles. 

An  adaptation  of  the  form  of  superstructure  described  has  been  used  for 
original  pier  construction.  In  this  case  the  sides  of  the  pier  are  alike,  consist- 
ing of  round  piles  spaced  4  ft.  centers,  with  9-in.  triple-lap  sheeting;  12  by  12  in. 
spreaders  are  used  between  round  and  sheet  piles.  The  general  method  of 
construction  is  the  same  as  that  previously  described.  All  work  constructed 
according  to  this  design  has  been  done  by  contract.  The  timber,  cement,  and 
reinforcing  steel  were  furnished  to  the  contractor  by  the  United  States;  all 
other  materials  were  furnished  by  the  contractor.  Table  IV  shows  the 
approximate  cost  of  building  100  lin.  ft.  of  this  style  of  pier  in  this  district  by 
contract,  including  the  cost  of  materials  furnished  by  the  United  States. 
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Coat  of    a    Timber    PlsBBun    Pier    dd   Pile 
Benta. — In  Engineering  nod  Contracting,  Sept. 
23.  1910,  BeDjamlD  Brooke  givea  tbe  following.         ^ 
Tbe  site  of  the  pier  was  it  prospective  beach        T 
resort  upon  the  coast  of  CaJUomlB.  I 

It  was  10  miles  tiom  tbe  nearest  port,  about  S  E 

3  miles  from  tbe  Dearest  broad-gage  railway  ^  j; 

(whlcb.  however,   did   not  connect  with  tbe  d  J- 

port)  bad  absolutely  no  roads  leading  to  it.  and  | 

was  girt  on  one  side  by  heavy  surf  and  on  tbe  g 

other  by  barren  eand  dunes.  g 

Afterapreliminary  trip,  thewriterdacidedto  =0  ^ 

niD  the  risk  of  beaching  the  materials  on  the  ft '^ 

spot  and  to  ship  tbe  pile  driver  outfit  through  JJ  V   . 

tbe  port  to  the  nearest  narrow  gage  station —  ^   i  1 

about  7  miles  away — and  team  it  from  there  Q  3, 

to  the  beach.  ,  ^ 

An  eiperienced  freighting  company  was  hired  g  4 

by  the  day  to  transport  the  pile  driver  outfit.  >  " 

The  first  four  miles  of  road  were  perfectly  level  g 

and  good ;  the  last  three  were  simply  trails  over  £ 

the  deep,   dry  sand  leading   on   to   the  hard  h  «' 

beach,  where,  however,  a  small  stream  was  to  -  a 

be  crossed.     A  team  of  four  horses  and  driver  ^  7 

cost  I8.S0  per  B-hour  day.    For  the  first  part  o   ^  ' 

of  the  Journey  the  teams  worked  separately,  but  h    B 

on  tbe  last  three  miles  they  doubled  and  trebled,  '*  -; 

the  engine  sinking  its  wagon  down  in  the  sand  J  ri 

till  It  dragged.     The  trip  required  twelve  team  -^ 

days,  or  »7S— over  (11  per  mile.  S 

Setting  up  the  driver  took  three  days  and  " 

was  done  in  a  piecemeal  manner  according  as  u 

the  outfit  arrived  by  team.     A  foreman  at  15  ^ 

and  a  crew  of  three  men  at  13  brings  this  setting  g 

up  expenm  to  S42.  U 

Beaching  the  lumber  and  piles  proved  to  be  g 

a  somewhat  uncertain  but  satisfactory  method  < 

of  getting  them  there,  and  much  cheaper  than  g 

any  other  way.     The  material  comprised  the  2 

deck  load  of  a  small  coasting  steamer.     After  £ 

having  coaied  a  few  farmers  in  the  neighbor-  -f 

hood  to  appear  on  the  beach  wllhtheir  teams  on  L 

a  certain  morning  to  be  named  later,  the  writer  C 

left  things  In  charge  of  the  pile  driver  foremaji  u 

and  set  out  to  meet  the  steamer  at  the  nearest  j 

port,    ahe  was  only  three  days  late,  but  arrived  H 
at  night  so  that  orders  could  be  phoned  to  have 

On  the  following  day  tbe  weather  was  ao 
thick  that  the  steamer  sailed  past  the  wharf  site 
twice  before  it  could  be  identified  from  the  sea; 
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so  that  it  was  1  p.  m.  before  the  first  stick  was  thrown  overboard.  The 
teamsters  meanwhile  continued  leisurely  to  draw  their  pay  on  the  beach,  as 
did  also  two  expert  surf  boatmen  in  a  dory  hired  to  take  lines  ashore  if 
necessary  or  to  rescue  stray  timber.  These  latter  proved  unneoessary,  but 
were  a  good  safeguard  in  case  of  change  of  wind. 

The  first  pile  thrown  over  showed  that  the  vessel  was  not  anchored  exactly 
in  the  right  place,  and  she  was  accordingly  moved.  Her  final  position  was 
about  a  mile  off  shore.  The  surf  was  rather  heavy,  the  wind  light  and  the 
timber  took  about  an  hour  to  drift  in.  It  arrived  a  good  deal  faster  than  seven 
teams  could  pick  it  up,  but  the  surf  and  wind  kept  it  on  the  beach.  It  did 
not,  however,  all  come  to  one  place,  but  scattered  out  about  1,000  ft.  wide. 
No  attempt  was  made  to  pile  it,  but  each  piece  was  pulled  up  the  beadi. 
where  it  struck  and  left  above  high  water  mark.  The  last  piece  left  the  ves- 
sel about  5  p.  m.,  and  the  last  snaking  out  occupied  the  teams  until  10  p.  m. 
They  had  the  advantage  of  a  moon  and  free  hot  coffee. 

The  following  costs  are  worked  out  without  regard  to  the  six  hours  lost  in 
waiting  for  the  vessel,  for  this  delay  is  always  likely  to  happen;  and  boUi 
teams  and  boats  are  counted  as  having  worked  from  7  a.  m.  until  about  10 
p.  m.    On  this  basis  the  landing  and  snaking  to  safety  required: 


0. 090  boat  hours  per  M  at  $2.00 .   $0. 180 

0.  785  team  hours  per  M  at  $0.40 314 

0.  64    man  hours  per  M  at  $0.20 128 

Total $0.  622 


The  following  day  at  daylight  a  few  teams  were  engaged  to  sort  out  and 
gather  up  the  lumber  from  the  beach  and  pile  it  at  the  wharf  site.  Owing  to 
bruised  legs  and  other  discomforts  incident  to  working  in  the  surf,  the  price 
of  teams  had  increased  over  night,  so  that  the  cost  of  stacking  the  material 
was: 


1. 40  man  hours  per  M  at  $0.25 $0. 35 

1.  36  team  hours  per  M  at  $0.50 68 

Total $1 .  03 


which  brought  the  total  cost  of  bringing  the  lumber  to  the  pier  site  $1.65  per 
M  ft.  B.  M. 

The  pier  was  of  simple  construction,  with  bents  20  ft.  apart,  four  piles  to 
the  bent  (the  two  outside  ones  battered)  under  a  12  X  12  in.  cap  16  ft.  long, 
which  was  drifted  and  strapped  to  each  pile.  The  deck  was  2  X  12  in.  on 
3  X  12  in.  joists.    There  was  a  light  railing  on  each  side. 

The  piled  iver  had  35  ft.  swinging  leads  and  64  ft.  gunwales,  a  3,500-lb. 

hammer  and  an  oil  burning  engine  big  enough  to  keep  up  steam  under  hard 

driving.     The  sand  was  so  compact  that  piles  sometimes  collapsed  under  the 

hammer  before  they  had  reached  the  required  10  ft.  penetration.     After  the 

Mving  was  well  under  way  the  time  of  each  operation  was  as  follows: 
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Bent  No.  9 

Minutes 

Rigging  staging  for  cross-cut  saw  men 13H 

Placing  battons 8 

Sawing  off  four  piles ^ ; . .  15 

Hoisting  cap  in  position 2^ 

Boring  and  drifting  cap  (straps  put  on  later) 12 

Removing  staging  and  tieing  bent  to  previous  one 5H 

Pulling  driver  ahead 3 

Placing  first  pile 6] 

Driving  first  pile  (81  blows) 7] 

Plumbing  leads 1] 

Placing  second  pile 6 

Driving  second  pile  (83  blows) 9 

Placing  third  pile 9 

Driving  third  pile 6 

Placing  fourth  pile  and  swing  leads 5}4 

Driving  fourth  pile , 6 

Total  for  driving  and  capping  bent 115H 

Bent  No.  10 

Minutes 

Pulling  driver  in  position 5H 

Hoisting  and  placing  first  pile 3 

Driving  first  pile  (67  blows) . '. 6H 

Plumbing  gins  and  placing  second  pile 5 

Driving  second  pile  (62  blows) 5 

Placing  third  pile 2H 

Driving  third  pile  (58  blows) 6 

Placing  fourth  pile 5 

Driving  fourth  pile  (63  blows) 3 

Rigging  staging  for  out-oflf 10 

Placing  battons S}4 

Sawing  oflf  four  piles 12 

Placing  and  drifting  cap 13H 

Tieing  bent  to  previous  one 5 

Total  for  driving  and  capping  bent 89H 

Occasional  delays  brought  this  down  to  four  bents  per  9-hour  day.  The 
crew  comprised  an  excellent  foreman,  a  well  drilled  set  of  seven  men  and  a 
team.     The  daily  expenses  of  nmning  the  driver  were: 

Crew  (foreman,  $5.00;  men,  $3.00) $26. 00 

Team 4. 60 

Extra  man  on  beach 2. 25 

Fuel  oil  (including  teaming  of  same) 4. 00 

Interest  and  depreciation  on  outfit  3. 00 

Engine  oil  (assumed) .25 

Total $40.  00 

This  gives  a  cost  of  $10  per  bent.  To  sum  up,  we  have  a  piledriver  expense 
of  $78  teaming  and  $42  setting  up,  and  assuming  an  equal  cost  of  removal 
brings  this  to  $240.  Since  the  pier  was  800  ft.  long,  the  piledriver  charges 
would  be  2^00  of  $240  or  $6  per  bent. 

Pile  driver  expenses $  6. 00 

Beaching  and  stacking  3^  M  lumber  at  $1.65 6. 19 

Driving  and  capping 10. 00 

Placing  joists  and  deck,  1}4  M  at  $4.76 7. 14 

Placing  railing,  0.13  M  at  $10 1. 30 

Placing  cap  straps  (estimated) 2. 00 

Total $32.  63 

which  is  equal  to  $1.63  per  foot. 
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This  is,  with  the  exception  of  oil  for  the  pile  driver  and  interest  on  it.  s 
strictly  labor  cost.  The  time  of  the  writer  for  surveys,  soundings  and  steamer 
piloting  is  not  taken  into  account,  nor  are  the  railway  freights,  fares  for  the 
crew,  rent  of  quarters  in  the  "pavilion,"  reconnaissance,  and  so  on. 

This  method  of  landing  lumber  requires  a  wide  beach  and  a  steady  wind 
blowing  directly  or  almost  directly  on  it.  If  the  wind  blows  at  an  angle  with 
the  beach,  the  liunber  will  drift  a  long  way  before  beaching,  and  scatter  veiy 
much.  A  change  of  wind  is  fatal,  so  that  not  too  much  lumber  should  be 
afloat  at  a  time.  Anything  smaller  than  2  X  10  ins.  should  be  fastened  in 
square  bundles  to  avoid  breakage  in  the  surf.  Too  much  care  cannot  be  taken 
to  avoid  broken  legs. 

Cost  of  Driving  Sheet  and  Bearing  Piles  and  Placing  Concrete  for  the 
Concrete  and  Steel  Ore  Dock  of  the  Duloth  and  Iron  Range  R.  R.  — ^Leland 
Clapper  in  Engineering  and  Contracting,  July  17,  1912,  gives  the  following. 

The  concrete  steel  dock,  erected  on  the  site  of  a  former  one  of  timber,  is 
made-up  of  a  timber  approach  220  ft.  long,  a  steel  approach  329  ft.  long,  the 
dock  proper  1,344  ft.  long,  and  an  end  tower  of  32-ft.  span.  The  timber 
approach  has  three-pile  bents  and  twelve-trestle  bents  of  15-ft.  centers,  with 
a  10-ft.  span  joining  onto  the  steel  approach.  The  steel  approach  has  four 
32-ft.  towers  with  three  spans  of  63-ft.  deck  plate  girders  joining  them  and  a 
12-ft.  span  joining  the  last  tower  to  the  dock  proper.  In  the  dock  proper, 
there  are  1 12  spans  12  ft.  long,  each  span  supporting  an  ore  pocket  on  eadi 
side  of  the  dock.  The  dock  proper  and  end  span  are  level,  the  steel  approach 
is  on  a  0.304  per  cent  grade,  the  timber  approach  on  a  0.20  per  cent  grade  and 
the  ore  yard  on  a  0.51  per  cent  grade,  idl  being  down  grade  away  from  the 
dock. 

Foundations. — ^The  entire  area  to  be  covered  by  the  foundation  of  the  dock 
proper  was  enclosed  by  sheet  piling.  The  two  side  walls  of  sheet  piling:  were 
55  ft.  inside  to  inside,  while  the  end  walls  were  about  1,404  ft.,  Tnaking  ^e 
total  area  enclosed  about  1.8  acres.  The  sheet  piles,  of  which  2,350  were 
required,  were  made  of  12  X  12-hi.  fir  32  and  34  ft.  long,  by  spiking  to  these, 
with  H  X  8-in.  boat  spikes,  3  X  4-in.  strips  flatwise,  to  form  tongues  and 
grooves.  The  points  were  made  by  sawing  them  on  a  long  bevel  of  about  2 
to  1  sloping  up  from  the  groove  side  to  the  tongue.  Any  side  beveling,  neces- 
sary to  hold  the  pile  to  line,  was  done  at  the  drivers. 

The  sheet  piles  were  handled  from  the  framing  yard  to  the  drivers  by  a 
derrick  scow.  Two  roller  drivers  were  used,  one  on  each  side  of  the  dock, 
each  having  a  2,800-lb.  hammer  and  35-ft.  leads. 

The  lake  bed,  at  this  point,  is  red  clay,  so  that  jetting  was  impossible.  How- 
ever, little  difficulty  was  experienced  in  driving.  An  occasional  wedge  was 
used  to  keep  the  piles  plumb.  These  were  made  by  ripping  the  12  x  12-in. 
timber  diagonally  and  then  nailing  on  the  tongue  and  groove.  A  sliding  block, 
made  with  a  groove  to  fit  over  the  tongue  of  the  pile  being  driven,  and  with  a 
line  passed  aroimd  it  to  the  engine,  held  the  pile  firmly  to  place  during  the 
driving.  A  hand  winch  was  used  to  hold  the  tops  of  the  piles  tight  after  they 
were  driven.  A  temporary  inside  waling  or  guide  timber  was  bolted  to  the 
ends  of  the  pile  caps  of  the  old  foundation  and  to  this  about  every  fifth  sheet 
pile  was  bolted  to  hold  it  in  place  and  to  maintain  a  true  line  until  the  tempo- 
rary outside  waling  timbers  could  be  placed.  These  temporary  outside  walW 
timbers  were  14  X  14  in.  second-hand  fir  and  were  placed  11  ins.  below  the 
sheet  pile  cut-off,  which  was  6  ins.  below  mean  water  level.  The  two  walls 
were  then  tied  together  through  these  timbers  with  1-in.  X  59-ft.  rods,  spacrd 
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6  ft.  centers,  and  using  a  center  tumbuckle.  The  final  anchoring  of  the  sheet 
piling  was  by  placing  a  1-in.  bolt  4  ft.  8  ins.  long  through  each  pile  at  a  point 
8  ins.  below  the  cut-ofif . 

Following  the  sheet  pile  driving,  a  swing  driver  having  a  4,200-lb.  hammer 
and  65-ft.  leads,  drove  the  bearing  piles,  varying  from  30-ft.  to  60  ft.  in  length 
in  the  main  fomidation.  These  piles  were  unloaded  from  cars  at  a  point 
T^here  they  could  be  easily  pointed,  sorted,  and  rolled  into  the  water  for  rafting. 
The  piles  were  cut  ofF  by  hand  at  a  point  1  ft.  3  ins.  below  mean  lake  level. 
The.  rows  of  new  bearing  piles  are  spaced  6-ft.  centers  with  a  row  of  the  old 
timber  dock  bearing  piles  half  way  between.  In  each  row  on  each  half  of  the 
dock,  there  are  seven  piles  spaced  2^^  ft.  centers,  the  first  being  IH  ft.  from 
inner  edge  of  the  sheet  piling.  The  pile  driving  specifications  called  for  a 
penetration  of  not  over  6  ins.  in  six  blows  under  a  40-ft.  drop  of  a  3,000-lb. 
hanmier,  or  its  equivalent. 

In  Table  V  for  sheet  piling,  the  item  "preparing  and  handling"  includes 
spiking  on  the  tongues  and  grooves,  using  about  50  H  X  8-in.  spikes  per  pile, 
also  sharpening,  loading  by  derrick  from  slddway  to  scow,  and  unloadipg  at 
the  drives.  The  item  "waling  and  tying"  covers  the  placing  of  the  tempo- 
rary inside  guide  timbers,  the  temporary  outside  waling  timbers  and  all  tem- 
porary and  permanent  bolts  and  anchors. 


Tablb  V. — TiMB  Cost  of  Shxbt  Pzlxno  (2,350  Ptlbb) 

Hours 
per  100 
Hours     sheet  piles 
Preparing  and  handling: 

Poreman 370  15. 58 

Carpenters 520  21.89 

Skilled  labor 1 ,630  70. 73 

Common  labor 4,950      '  208,40 

Engineer 340  14. 31 

Tug  and  crew 40  1. 68 

Derrick  soow 260  10.53 

Driving: 

Foreman 690  24. 84 

Skilled  Ubor 1,890  79.57 

Common  labor 2,160  90.94 

Engineer 830  34. 94 

Drivers 570  24. 00 

Cutting  off: 

Common  labor ! 1,700  71.57 

Waling  and  tieing: 

Foreman 760  32. 00 

Carpenters 2,380  100.20 

Skilled  labor 6.330  266.49 

Common  labor , . . .  13,370  562. 88 

Engineer 1 ,960  82. 52 

Tug  and  crew 40  1.68 

Derrick  scow 1,040  43.78 

Drivers 570  24.00 


Table  VI  for  roimd  piles  includes  only  those  piles  in  the  dock  proper.  The 
item  "pointing  and  handling"  includes  sorting,  pointing,  rafting  and  deliver- 
big  to  drivers.    The  cutting  includes  the  remoYing  of  the  old  pile  heads. 
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Tabub  VI. — TncB  Cost  of  Round  Pilb  Work  (163,500  Pn^xs) 

Hours     per 
Hours      lOO   lin.  ft 
Pointing  and  handling: 

Foreman 20  .0122 

Engineer 350  .2135 

Skmed  labor 2.330  1 .  4213 

Common  labor 2,390  1. 4579 

Derrick  scow 130  .  0793 

Team 350  .2135 

Driving: 

Foreman 670  .  4087 

Engineer 670  .  4087 

Skilled  labor 2,670  1 .  6287 

Common  labor 2,690  1.6409 

Pile  driver 660  .4026 

Cutting  off  piles: 

Foreman 130  .  0793 

Skilled  labor 600  .  3660 

Common  labor 3, 180  1 .  9398 

The  forms  for  all  concrete  work  were  made  of  2-in.  matched  lumber  and 
were  set«  removed  and  carried  ahead  by  a  small  derrick  scow.     The  outside 
forms,  of  which  19  sections  24  ft.  long  were  used  on  each  side  of  the  dock, 
rested  on  the  temporary  waling  timber  4  ins.  outside  the  sheet  piling.     An 
expansion  joint  above  mean  water  level  was  used  every  72  ft.    A  key  6  ins.  X 
3  ft.  was  made  in  the  end  form  at  each  joint  so  that  there  could  be  no  transverse 
movement  of  sections.    As  soon  as  the  outside  and  center  core  forms  had  been 
set,  the  reinforcing  rods  were  bent  and  placed.    In  each  72-ft.  section  about 
12,100  lln.  ft.  of  1-in.  smooth  circular  rods  and  900  lin.  ft.  of  IH-in.  rods  were 
used.    Tiie  main  slabs  are  19  ft.  4  ins.  wide,  with  an  opening  of  19  ft.  between 
them  and  are  5H  ft.  thick,  extending  from  2K  ft.  below  mean  water  to  3  ft. 
above  the.  same.    These  slabs  are  tied  together  every  24  ft.  by  3  X  4-ft.  con- 
crete tie  walls  reinforced  with  four  IH-in.  X  36-ft.  rods.    Raising  from  the 
main  slab  by  three  8-in.  steps  and  extending  from  its  outside  edge  to  its  center, 
is  a  parapet  slab  2  ft.  thick.    On  the  main  parapet  and  at  its  outer  edge  is  a 
parapet  walk  9  ins.  thick  and  2^  ft.  wide.    The  tops  of  the  parapets  and  slabs 
were  given  a  slope  of  H  in.  to  the  foot  toward  the  center  of  the  dock  to  insure 
drainage.    The  center  line  of  the  piers,  which  are  4  ft.  9  ins.  square  on  top 
with  batters  of  1  in.  to  4  ins'.,  is  18H  ft.  from  the  center  line  of  the  dock. 
These  piers  are  tied  to  the  main  slab  by  four  IJ^-in.  X  9-ft.  reinforcing  rods. 

Two  scow  mixers  were  used  on  this  work,  one  on  each  side  of  the  dodc.    The 
one  was  a  K-cu.  yd.  Smith  mixer  with  chain  conveyors  carrying  materials 
from  hoppers  on  main  deck  to  a  measuring  hopper  which  fed  into  the  mixer 
about  15  ft.  above  the  main  deck.    A  derrick  scow  supplied  sand  and  gravel  to 
the  hoppers.    The  ^^-cu.  yd.  mixer  mixed  two-thirds  of  the  total  yardage: 
Its  scow  was  about  80  ft.  long  and  25  ft.  wide.    A  three-story  tower  about 
16  ft.  square  was  erected  in  the  center  of  the  scow.    On  the  lower  floor  of  the 
tower  were  the  boiler,  pumps  and  conveyor  engines.    On  the  second  floor  were 
the  mixer,  mixer  engine  and  the  gate  controlling  the  measuring  hopp^.    And 
on  the  third  floor  were  the  measuring  hopper  and  the  levers  controlling  the 
conveyors.    On  the  deck  of  the  scow  and  6  ft.  from  the  edge  of  the  tower 
toward  the  one  end  was  the  sand  hopper,  and  toward  the  other  end  was  a 
gravel  hopper.    Behind  the  sand  hopi)er  on  the  end  of  the  scow  was  a  small 
cement  shed  holding  about  200  bbls. 

Conveyors  handled  the  cement  in  sacks  from  the  deck  to  the  third  story  and 


DOCKS  AND  WHARVES  1497 

gravel  and  sand  from  the  hoppers  on  the  main  deck  (holding  material  for  about 
30  cu.  yds.)  to  the  measming  hopper. 

The  mixer  required  for  running,  an  engineer,  a  fireman,  two  laborers  hand- 
ling cement  to  the  conveyor,  one  man  at  the  mixer,  and  three  men  on  the  top 
floor  dumping  cement  and  operating  the  conveyors.  The  maximum  day's 
run  for  this  mixer  was  280  cu.  yds. 

The  second  scow  had  two  K-cu.  yd.  Smith  mixers  moimted  about  20  ft. 
above  water  level.  Here  the  material  was  shoveled  into  a  bucket  on  the  deck 
of  the  scow,  hoisted  and  dumped  into  a  hopper  which  discharged  into  the 
mixer.  With  either  scow,  the  mixers  would  dump  to  any  part  of  the  section 
by  the  use  of  spouts.  Cement  was  supplied  to  each  mixer  by  a  small  cement 
scow.  The  maximum  day's  run  for  both  mixers  was  438  cu.  yds.,  while  the 
average  day's  run  was  245  cu.  yds. 

The  materials  used  for  concrete  were  lake  gravel  and  sand  in  proportions  so 
that  when  mixed  with  five  sacks  of  Universal  Portland  cement  per  yard  it 
would  give  the  densest  concrete. 

In  placing  the  concrete,  every  other  72-ft.  section,  for  five  sections,  was 
filled  to  the  top  of  the  main  slab,  including  the  tie  walls.  Forms  were  then 
set  and  filled  for  the  parapets  in  these  sections.  As  soon  as  these  parapets 
had  set,  the  end  forms  were  removed  and  the  sections  between  filled.  These 
end  walls  were  painted  with  tar  before  filling  the  section  between,  the  tar 
destroying  the  bond  of  the  concrete  and  making  a  good  expansion  joint. 

The  forms  for  the  piers  were  set  and  filled  about  half  full  of  concrete,  which 
was  allowed  to  set  before  anchor  bolts  were  placed.  The  anchor  bolts  were 
then  set  in  templets  and  wired  plumb,  after  which  the  piers  were  filled  to 
within  1  in.  of  elevation.  Triangular  strips,  so  beveled  that  the  tops  were  hori- 
zontal when  placed,  were  nailed  to  exact  elevation.  The  tops  of  the  piers 
were  leveled  from  these  strips  with  a  steel-faced  straight  edge  by  using  1  to  3 
mortar.    Castings  were  set  without  grout. 

A  fender  of  two  timbers  was  used.  The'  top  timber,  which  was  a  14  X  16-in. 
recessed  4  ins.,  was  placed  with  its  edge  1  in.  below  the  parapet  walk  and  bolted 
through  pipe  through  this  walk.  The  lower  timber  was  a  12  x  12  in.  recessed 
2  ins.  and  fastened  by  1-in.  upset  bolts  threaded  at  both  ends  and  placed  in 
pipe  in  the  main  slab  before  concreting. 

In  Table  YII  the  item  for  handling  and  placing  new  concrete  includes 
unloading  cars;  loading  on  and  unloading  ftom  scows,  and  fastening  the 
reinforcing  in  place  with  wire.  The  item  "forms"  includes  the  making, 
placing,  bracing  and  removing  of  all  forms.  The  item  "  anchor  bolts ' '  includes 
making  and  placing  templets  and  setting  bolts.  The  item  "mixing  and 
placing  "  covers  the  handling  to  the  mixers  of  the  sand  and  gravel  from  a  stock 
pile  on  the  old  foundation,  or  a  portion  of  the  finished  new  foundation; 
of  handling  cement  from  cars  and  all  mixing,  plachig  and  finishing  of  the 
concrete. 

The  time  shown  in  the  above  tables  does  not  include  the  time  required  to 
get  outfits  to  the  work  and  in  shape  to  run. 

A  top  traveler  with  two  70-ft.  steel  booms  was  used  for  erection.  This 
traveler  erected  all  of  the  heavier  members  and  sufficient  bracing  to  allow  it  to 
proceed.  A  portion  of  the  lighter  bracing  and  the  platforms  were  placed  by 
a^  derrick  car.  The  riveting  was  all  dcme  by  compressed  air,  furnished  by  the 
railroad  company  from  its  permanent  compressors.  Riveting  followed  erec- 
tion as  closely  as  convenient,  usually  with  about  six  hammers  working  and 
driving  2,600  rivets  daily. 
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Tablb  VII. — Tims  Cost  or  Handling  and  Placing  Concbbtb 


(15,040  cu.  yds.  conerete,  746,000  lbs.  reinforcing) 


Bending  reinforcing: 

Foremftn 

SkiUed  labor 

Handling  and  placing  reinforcement: 

Foreman 

Skilled  labor 

Common  labor 

Flat  scows 

Forms: 

Foreman. 


Hours 

200 

680 

560 

3,260 

4,750 

520 

1,510 

Carpenters 9,340 

Engineers 315 

Skmed  labor 6,770 

Common  labor 6,300 

Derrick  scows 320 

Anchor  bolts: 

Carpenters 1 ,  135 

Common  labor 950 

Mixing  and  placing: 

Foreman 1,680 

Engineer 2,260 

Sl^ed  labor 6,770 

Common  labor 9,990 

Derrick  scows 620 

Flat  scows 640 

Scow  mixers 1 ,  120 


Hours    jper 
cu.  yd. 

.0132 
.0449 

.0370 
.2152 
.3135 
.0343 

.0997 
.6104 
.0176 
.3808 
.4158 
.0211 

.0749 
.0627 

.1109 
.1485 
.4668 
.6593 
.0409 
.0422 
.0739 


Cost  of  Driving  Piles  with  a 
18,  1914,  gives  the  following. 


Gasoline  Hoist. — Engineering  Record.  July 
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Fio.  8. — Diagram  of  speed  and  cost  of  driving  piles  with  gasoline  h<»8t. 

A  reversible  gasoline  hoist  with  a  6H*bP*  engine  and  operating  a  1,050-lb. 
drop  hammer  has  been  used  for  driving  1,300  piles  to  support  a  stage  for  7.000 
singers  during  the  St.  Louis  pageant.  These  piles  were  driven  from  &  acow 
about  6  ft.  deep  in  the  bottom  of  the  Mississippi  River  at  Forest  Park. 

In  the  accompanying  diagram  (Fig.  8)  are  shown  the  total  number  of  pUet 
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to  be  driven  on  schedule  and  the  actual  number  of  piles  driven,  the  estimated 
cost  of  driving  1,300  piles  and  the  actual  cost  of  labor  on  piles  driven.  The 
largest  number  of  piles  driven  in  one  day  was  seventy-five.  In  the  estimate 
were  included  17.105  lin.  ft.  of  piling  at  a  cost  of  17  cents,  giving  a  total  cost  of 
$2,907.85.    The  average  length  per  pile  was  estimated  to  be  13.15  ft. 

Actually  1,326  piles,  aggregating  19,104  lin.  ft.  and  averaging  14.4  ft.,  were 
driven.  Of  this  nimiber  25  piles  were  driven  out  of  line,  so  that  the  useful 
number  was  1,301  piles,  aggregating  18,735  lin.  ft.  Allowing  100  per  cent 
depreciation  on  engine  and  scow,  the  cost  of  driving  18,735  lin.  ft.  was  $2,148.38 
or  11.5  cents  per  foot.  This  depreciation,  of  course,  is  excessive,  and  if  20 
I>er  cent  is  allowed  on  engine  and  scow  and  15  i>er  cent  for  over  head  charges 
the  total  cost  of  driving  was  $2,000.92  or  10.7  cents  per  linear  foot.  The  cost 
of  the  piles  delivered  was  $1,432.80  or  7.5  cents  per  linear  foot,  so  that  with  a 
cost  of  driving  of  10.7  cents  the  cost  per  linear  foot  of  pile  in  place  was  18.2 
oepts.    The  crew  consisted  of  four  men. 

The  itemized  costs  were  as  follows:  Cost  of  piles  delivered,  $1,432.80;  total 
payroll,  $1,653.93;  engine  and  hoisting  outfit,  $340;  scow,  $154.45. 

On  this  work,  union  men  were  employed,  at  the  following  rates: 

Hoisting  engineer,  80  cts.  per  hr.;  piledriver  foreman,  75  cts.  per  hr., 
piledriver  laborers.  40  cts.  per  hr. 

Tne  driver  leads  were  20  ft.  high,  built  with  6  X  6-in.  timbers,  braced 
back  to  the  rear  portion  of  the  scow.  The  hoisting  equipment,  built  by  the 
Whitman  Agricultural  Co.,  St.  Louis,  consisted  of  a  6H-hp.  "Sultan"  reversible 
gasoline-driven  engine,  geared  into  two  drums  with  necessary  controls,  etc. 
A  winch  head,  on  the  hoist,  was  used  to  pull  in  the  piles.  The  weight  of  the 
drop  hammer  was  1,650  lb.    The  scow  was  14  X  16  ft.  and  3  ft.  deep. 

Cost  of  Driving  Sheet,  Foondation  and  Marine  Piles. — ^In  a  paper  presented 
by  Victor  Windett  before  the  Western  Society  of  Engineers  and  abstracted 
in  Engineering  and  Contracting,  June  21,  1911,  the  following  is  given. 

Trench  Sheeting. — A  sand  trench  4,017  ft.  long  and  10  ft.  deep  was  sheeted. 

with  2  X  10  in.  X  14  ft.  hemlock  and  yellow  pine  sheeting,  to  carry  a  steam 

shovel  over  the  trench.    Triple  lap  sheeting  was  made  by  nailing  1  x  6  in. 

X  12  ft.  hemlock  sides  to  give  a  2  in.  groove.    The  cost  of  making  the  sheeting 

ready  for  driving  was  8.8  hours  of  labor  at  $2.63  per  1,000  ft.  B.  M.  with  labor 

at  $0.31  i>er  hour.    The  work  was  nailing  on  the  side  pieces,  pointing  the 

driving  end,  and  cutting  the  hammer  end  to  8  in.  in  width  to  i>ermit  the  use  of 

a  steel  driving  cap.    The  total  labor  cost.  Including  {he  making  of  the  sheeting 

in  place,  with  labor  at  $0.30  per  hour,  was: 

Per  sq.  ft.  of 
Per  lin.        penetratioQ 
Per  M.  ft.  of  trench  side 

ft.  B.  M.  trench         of  sheeting 

Hours  of  labor 21. 9  1.4  0. 12 

Coetof  labor , $6.56  $0,422  $0,036 

A  pile  driver  having  two  sets  of  leads  complete  was  built  for  this  work  at  a 
cost  of  about  $600  for  labor  and  material,  excluding  the  double-drum  hoisting 
engine.  The  leads  and  sheaves  for  the  hammer  line  were  fastened  on  the 
deck  timbers  so  that  wheA  the  width  of  the  trench  was  reduced  at  a  change  in 
the  size  of  tlie  sewer,  the  leads  were  moved  in  towards  the  center  line  of  the 
machine.    This  change  took  IH  hours  to  make. 

The  sheet  piling  was  pulled  by  a  machine  consisting  merely  of  a  platform 
to  carry  a  hoisting  engine  and  an  A-frame  carrying  two  sheaves.    Over  these 
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sheaves  two  Lines  ran  from  the  engine,  on  the  free  end  of  which  was  a  few  feet 
of  H-^'  chain  and  a  hook  with  which  to  pull  the  sheeting. 

This  machine  would  be  manned  by  a  pickup  crew  of  engix^man,  fireman,  and 
four  laborers,  who  would  pull,  in  IH  hours  to  2  hours*  work,  all  of  the  sheeting 
corresponding  to  a  day's  progress  of  the  work,  which  would  be  from  130  to 
160  ft.  The  average  rate  of  wages  per  hour  was  $0.30.  The  average  of  work 
was* 

Per  M.     Per  lin.   ft. 
ft.  B.  M.     of  trench 

Hours  of  labor 3.  72  0.  24 

Coet  of  labor $1.11  $0.07 

One  disadvantage  of  such  sheeting  was  that  the  1-in.  side  pieces  had  a  short 
lif)t,  requiring  renewing  after  about  four  times  of  use.  The  loss  of  the  center 
pieces  from  hard  driving  and  even  though  used  nine  times  was  very  little.  The 
pulling  chain  was  rather  severe  upon  the  sheeting,  as  it  was  liable  to  cut  into 
the  wood.  At  the  close  of  the  work  the  sides  were  stripped  off  and  half  of  the 
2  X  10-in.  pieees  were  sawed  up  for  catch-basin  bottom,  which  otherwise 
would  have  required  the  purchase  of  new  lumber.  The  total  waste  of  sheeting 
was  about  one-fourth  and  the  remainder  was  shipped  to  another  job. 

Hand  driven  sheeting  of  2-ins.  X  10-12  ft.  long  is  best  driven  in  sand  by  a 
combination  of  hand  mauling  and  the  use  of  the  water  jet.  Employing  labor 
at  $0.3 14  per  man  per  hour,  the  expense  of  this  work  for  1 ,  102  ft.  of  trench  was : 

Per  lin. 

Per  M.          ft.  of  Per  sq.  ft. 

ft.  B.  M.       trench  penetration 

Hours  of  labor 11.9             0.973  0.042 

Cost  of  labor $3.70         $0,305  $0,013 

Tabls  VIII. — Foundation  Pxlbb.     Chioaqo  Drop  Fobos  db  Fdt.  Co. 

Cost  per 
Hours       Cost       lin.  ft. 

Erection  and  dismantling  driver    386.  5     $160.  53  $0.  088 

Unloading  and  sawing  piles  in  two 39.  0         15. 96    0.  016 

Driving  pUes 236.0        99.32     0.011 

Sawing  pile  tops  to  grade 53.0         19.88     0.054 

Total 714.5     $295. 69  $0. 169 

Freight,  supplies  and  piles,  cost 279. 02    0. 152 

Total  cost $574.  71  $0.  321 

Soil,  hard  clay;  hammer  used,  3,000-lb.  drop  hammer. 
Material-^96  piles.  20  ft.  long.     Crew  10  men. 

Foundation  Pile  Driving. — Table  IX  Is  the  record  of  a  large  piece  of  work 
carried  on  by  the  contractor  with  great  vigor.  At  times  as  many  as  9  pile 
drivers  were  at  work  simultaneously. 

In  foundation  pile  driving,  where  piles  are  driven  in  clusters,  the  general 
level  of  the  ground  will  be  higher  after  driving  than  it  was  before.  This  swell 
or  rise  of  the  level  will  cause  an  extra  amount  of  excavation  for  the  placing 
of  the  footing  concrete  around  the  pile  tops. 

Careful  levels  were  taken  over  an  area  in  which  1,570  piles  were  driven  2H 
ft.  centers.  The  piles  were  36  ft.  long,  having  12-in.  tops  and  7-in.  points. 
The  swell  of  the  ground  amounted  to  1.5  ft.  in  height,  or  8.3  cu.  ft.  net  meas- 
urement of  the  earth  per  pile,  or  0.28  cu.  ft.  of  pile  penetration.  Inasmudi 
as  the  volimie  of  the  piles  below  the  original  surface  averaged  14.1  cu.  ft., 
the  consolidation  of  the  earth  amounted  to  5.8  cu.  fl.  per  pile.  The  soil  con- 
sisted for  about  10  ft.  of  a  mixture  of  loose  sand,  gravel  and  clay.  Below  this 
was  a  modierately  sdft  bliie  clay. 
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At  the  job  For  the  hammer  shop,  a  drop  hammer,  weighing  3,000  lt)a„  was 
uaed.  In  fact,  the  same  driver  and  crew  [oreman  did  this  work  as  the  drop- 
hammer  drivipg,  for  which  costs  are  given  In  Table  IX .  But  Id  the  caee  of 
Table  VIII  the  soil  waa  day,  whereas  the  fint  10  lo  12  ft.  was  eaiid,  in  th« 


Total  number  of  piles 

Total  leDgth  of  pilea 

Total  leiuth  of  pile  penetration. . 
ATerage  length  per  pile 

Av^ttSI  d*a^B  worffM-TdrivCT, 


Sfi". 


7  .3  pilea 
5, 2  fin,  ft. 


Total  lime  8  1 
Daily  pay  roU 
Aunliaries... 


1,634      da' 

4,T8S      da' 

S34.00 


Total  "field  e; 


0.220 


From  points  of  view  of  speed,  economy,  and  excellence  of  driving,  the  com- 
parison between  drop  and  ateam  hammers  is  strongly  in  favor  of  aleam 
hamjnera. 

In  addition,  a  proportional  share  of  local  general  ofHce  and  yard  expense 
and  the  general  office  expense,  should  be  added. 

In  sawing  off  pile-butts  two  saw  fliers  kept  the  saws  sharp  lor  the  gang  of 
aawyets.  A  pair  of  sawyers  would  cut  40  to  60  mixed  wood  piles  per  day 
^t  acosCperpUeofSO.lO  tDtD.12. 

Other  men  were  employed  in  making  runways  and  unloading  pilea  from 
cars  which  were  delivered  at  the  edge  of  the  work — a  team  and  2  men  hauling; 
piles  to  the  more  inaccesaihle  drivers. 
The  ordinary  pile  drivel  crew  was  composed  of  men  as  follows: 


Foreman,  tC 

'IVm  per  E" 
»0.45perhr. 

l0.4Sper  hi., 
or  deckhands 

,»0.25perhr 
and  trimmer. 

U^mTn" 

i;?fe'foX 
Total  lab 

tQ.io  per 
$6:37^1;, 

pii)pprdon 

f  pumping  sta 

mn  labor. 
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Marine  Pile  Driving. — The  marine  pile  driving,  as  given  in  Table  X  was  aU 
within  a  protected  harbor  shielded  from  the  heavy  waves  of  the  open  lake,  so 
but  little  time  was  lost  by  rough  seas.  In  the  delivering  of  piles  from  cars  to 
scows,  a  large  part  of  the  labor  was  done  by  steam  devices,  but  it  is  considered 
as  being  equal  to  the  expense  of  six  men  all  of  the  time  the  marine  driving  was 
going  on.  The  soil  was  sandy  for  a  few  feet  and  below  that  it  consisted  of  a 
moderately  soft  day.  The  piles  stood  out  of  the  water  on  an  average  of  12 
ft.  per  pile,  undriven.  A  tug  was  occupied  about  one-third  of  a  day  per  driver 
in  towing  out  and  back  to  the  yard.  A  drop  hammer  of  3,500  lbs.  weight  was 
generally  used,  being  attached  continuously  to  the  hoisting  rope.  Eadi 
driver  had  two  scows  for  piles,  one  on  the  work  and  one  at  the  yard  being 
loaded  with  piles. 

Table  X. — Mabinb  Pils  Dbiving  bt  Gbbat  Lakes  Dbbdob  &  Dock   Co. 

Number  of  piles  driven 9 ,  896 

Length  of  piles  driven 326,295  lin.  ft. 

Length  of  pile  penetration 207 ,  816  lin.  ft. 

Average  of  piles 33  lin.  ft. 

Average  of  piles  driven 21  lin.  ft. 

Total  days'  work  and  driver 137 

Piles  per  day  work  and  driver 72. 2 

Piles  per  day  work  and  driver 2 ,  380  lin.  ft. 

Penetration  per  day  work  and  driver 1 ,516  lin.  ft. 

Crew  of  driver 10  men 

Auxiliaries  driver 6  men 

Total  men  per  driver 16  men 

Total  crew  time 1 ,  370  days 

Total  auxiliaries  time 822  days 

Total 2, 192  days 

Pay  roll  per  dajr: 

Tug  service $15. 00 

CreW; 34. 00 

Auxiliaries 19.  76 

Total : $68. 75 

Lin.  ft.  of      Lin.  ft.  of 
Costs  piling        penetration 

Labor $0.  029  $0. 0463 

Supplies  and  repairs '0. 015  *0. 0235 

Piles n).  126  ♦O.  1962 

Total  "field"  expense $0. 169         ^$0. 265 

*  £}8timate. 

Foundation  Pile. — Triple  lap  sheeting  was  driven  for  three  foundation  pits. 
The  upper  15  ft.  of  ground  is  sound,  below  which  is  a  soft  clay.  Through  the 
sand,  driving  was  assisted  by  using  a  water  jet.  The  expense  of  this  work  is 
given  in  Table  XI. 

Tablb  XI. — Foundation  Shbbt  Pilb  Dbivino 

Piling  driven,  pieces 406 

Piling  driven,  Un.  ft 9,291 

Pilinff  driven,  ft.  B.  M 83,622 

Moving  out  and  oflP  job,  5  days $227. 50 

Driving,  19  days 679. 00 

Total.  24  days $906. 50 

Unit  cost  of  labor — 
$  2. 24  per  pile 
0. 098  per  lin.  ft. 
10. 84  per  M.  ft.  B.  M. 
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Two  No.  1  Vulcan  steam  hammer  drivers  were  used.  Hence  the  item  of 
moving  on  and  off  the  work  was  somewhat  high.  The  average  rate  of  pay  per 
man  per  8-hour^  day  was  $3.50;  including  men  nailing  the  sheeting  placlcs 
together,  the  average  size  of  crew  per  machine  was  from  ten  to  twelve  men. 
Including  supplies  and  repairs,  the  expense  per  machine  per  day  was  approxi- 
mately $50.00,  whereas  the  labor  as  above  given  amounted  to  $37.77  per  4ay. 

At  the  same  place  717  pieces  of  9-in.  by  12  in.  28  ft.  triple-lap  sheeting  were 
driven.  This  formed  a  subaqueous  front  of  a  concrete-topped  wharf.  Table 
XII  gives  the  cost  of  this  work. 

Table  XII. — Wharp  Sheet  Piling — Time  Occupied  in  the  Work,  29M  Days 

Piling  driven — 
405  pieces 
14,340  ft.  driven  in  sround 
180.784  ft.  B.  M.  of  lumber 

Towing,  H  of  cost  of  30  days  at  $10.00 $     300. 00 

Making  sheeting,  75  days  at  $3.00 . . . ; 225. 00 

Driving,  285  days  at  $3.50 997.  50 

Pulling,  10  days  at  $3.50 35. 00 

Total,  370  days $1 ,657.  50 

Labor  cost  per  piece $2. 17* 

Labor  cost  per  lin*  ft.  driven 0. 109 

Labor  cost  per  1,000  ft.  B.  M 8. 62 

Durability  of  Untreated  Piling  Above  Mean  Low  Water. — Engineering  and 
Contracting,  April  24,  1918  publishes  the  following  information  prepared  by 
Mabel  E.  Thome,  Statistical  Clerk,  and  C.  H.  Teesdale,  in  charge  Section  of 
Wood  Preservation,  Forest  Products  Laboratory,  Forest  Service. 

It  has  long  been  recognized  that  wood  constantly  immersed  in  water  is  not 
subject  to  decay.  Instances  are  on  record  of  wood  being  preserved  in  this 
way  for  centuries.  Timber  structures  in  fresh  water  or  in  water  free  from  the 
various  forms  of  marine  woodborers  remain  sound  indefinitely,  imless  affected 
by  some  destructive  agent  other  than  decay. 

In  tidal  water,  where  marine  borers  are  not  active,  portions  of  piles  that  are 
completely  immersed  at  each  high  tide  may  be  exposed  at  other  times  without 
danger  of  decay,  for  though  completely  immersed  only  part  of  the  time,  they 
may  be  practically  saturated  all  the  time.  The  extent  of  this  saturation,  and 
therefore  permanent  preservation  against  decay,  is  an  itpm  of  considerable 
interest  and  importance  in  designing  pile  construction.  The  difficulties  of 
cutting  off  piling  at  low  water,  as  well  as  the  extra  cost  and  weight  of  the 
superstructure,  when  joints  are  made  at  low  tide  level,  may  well  be  avoided 
wherever  immimity  from  decay  exists  for  any  distance  above  this  level. 

Because  there  is  so  little  available  data  as  to  the  extent  of  this  immunity 
zone,  the  Forest  Products  Laboratory  has  recently  been  conducting  a  study  of 
the  subject  by  the  questionnaire  method.  They  show  careful  thought,  and 
several  of  them  contain  records  of  actual  investigations  made  after  the  ques- 
tionnaire was  received. 

Replies  received  from  25  different  sources  were  divided  into  two  classes, 
those  which  state  that  for  permanent  foundation  work  piles  can  be  safely  cut 
off  at  mean  tide  level  or  above  and  those  which  state  that  the  zone  of  safety 
does  not  extend  to  mean  tide  level.  It  is  noticeable  that  the  grouping  of  these 
repUes  according  to  their  character  is  a  geographical  grouping  as  weU.  The 
climate  of  the  northern  states  is  more  favorable  to  the  long  life  of  piling  than 
that  of  the  southern  states.  From  the  data  at  hand,  it  would  seem  that  the 
line  of  demarcation  between  the  harbors  in  which  it  is  safe  to  cut  off  piling 
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at  mean  tide  level  or  above  and  the  harbors  in  which  it  is  not  safe  lies  some- 
where between  New  York  and  Baltimore. 

The  rate  at  which  a  pile  dries  is  largely  dependent  on  temperature  and  rela- 
tive humidity.  The  relative  humidity  varies  only  slightly  from  Maine  to 
Florida,  while  the  temperature  variation  is  considerable.  This  means  that, 
a  few  hours  after  high  tide,  piles  in  southern  waters  will  have  a  much  lower 
percentage  of  moisture  than  those  in  northern  waters,  which,  combined  with 
the  encouragement  to  the  growth  of  fungi  furnished  by  the  higher  tempera- 
tures, probably  accounts  for  the  variation  in  the  extent  of  the  zone  oi  safety. 

Life  of  Creosoted  Piles. — From  time  to  time  as  structures  are  demolished 
to  make  way  for  extensive  improvements  there  is  afforded  an  opportunity  for 
observing  on  a  large  scale  the  behavior  of  treated  piles.  An  instance  of  this 
kind  is  noted  in  Engineering  and  Contracting,  July  23,  1919,  from  which  the 
following  is  taken: 

A  wharf  of  the  Southern  Pacific  Railroad  on  San  Francisco  Bay  was  removed 
to  make  room  for  port  improvements.  The  wharf  was  the  oldest  creosoted 
pile  structure  which  thus  far  had  been  dismantled  on  the  Pacific  coast  and 
contained  about  14,000  creosoted  piles  which  had  been  in  service  for  periods 
ranging  from  18  to  29  years.  Of  these  piles,  interest  centers  particularly  in 
600  which  were  of  Douglas  fir,  well  seasoned  before  being  treated  with  creosote 
by  the  Bethel  process  in  the  fall  of  1889,  and  were  driven  in  1890.  Records 
show  that  under  a  pressure  of  200  lb.  per  square  inch  and  a  temperature  of 
260**  F.,  the  piles  absorbed  14.17  lb.  of  creosote  per  cubic  foot. 

Of  these  600  piles,  33  were  selected  at  random  for  test  purposes  when  the 
wharf  was  dismantled.  Out  of  this  number  22  (67  per  cent)  were  entirely 
sound;  2  (9  per  cent)  had  been  slightly  attacked  by  borers;  6  (18  per  cent)  had 
been  severely  attacked  and  2  (6  per  cent)  were  so  damaged  as  to  be  unfit  for 
further  use.  These  percentages  were  typical  of  the  entire  lot,  it  is  r^orted, 
and  about  70  per  cent  of  the  600  are  to  be  redriven  just  as  they  are.  In  fact, 
this  percentage  of  piles  suitable  for  redriving,  it  is  reported,  applies  approxi- 
mately to  the  entire  14,000  piles.  Those  not  as  suitable  showed  damage  only 
between  mud  line  and  high-water  mark,  and  other  portions  of  these  piles  were 
In  good  condition. 

The  results  of  this  study  are  believed  to  confirm  the  theory  that  a  creosoted 
pile  is  absolutely  immime  from  attack  of  marine  borers  such  as  exist  in  Pacific 
Coast  waters,  so  long  as  the  shell  or  portion  of  the  pile  impregnated  with 
creosote  remains  intact. 

Cost  of  Driving  Piles  for  the  Panama -Pacific  Exposition. — ^L.  F.  Lewrey 
in  Engineering  News,  July  30,  1914,  gives  the  following: 

The  site  on  which  the  Main  Exhibit  Palaces  of  the  Exposition  are  located 
was  originally  a  tidal  flat  of  San  Francisco  Bay,  with  occasional  deeper  bights 
that  had  been  dredged  out  for  wharves  and  anchorage  for  vessels.  About 
twenty  years  ago,  private  interests  received  a  grant  of  these  tidal  lands  and 
built  a  rock  sea  wall.  A  large  sand  hill  that  overlay  the  site  of  the  Concessions 
District  was  graded  and  the  excavated  material  deposited  over  a  large  portion 
of  the  submerged  area  but  the  work  was  not  carried  to  completion,  and  an 
area  of  water  about  80  acres  in  extent  remained  to  be  filled  by  the  Exposition. 

Hydraulic  Fill;  Subsidence. — The  exposition  company  pumped  1,300,000 
cu.  yd.  of  fill  into  the  submerged  area.  This  brought  the  surface  to  Elev. — 
2.75  approximately.  The  fill  material  averages  from  60%  to  70%  of  sand. 
the  remainder  being  mud  and  silt.  Due  to  the  superior  weight  and  density 
of  this  material,  it  crushed  its  way  2  to  5  ft.  into  the  soft  ooze  of  the  old  bottom. 
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to  such  extent  that  where  the  original  soundings  showed  Elev. — 15,  the  actual 
bottom  of  the  dredger  fill  is  nearer  Elev. — ^20. 

Due  to  the  varied  lines  of  flow  of -the  dredger  fill  and  its  vanring  character, 
numerous  "  kidneys  "  or  watery  pockets  were  found  in  the  fill.  These  kidneys 
often  had  skins  of  tight  sand  overlying  them,  but  on  driving  in  a  long  pile 
their  presence  would  be  indicated  by  a  geyser  of  water  coming  up  around  the 
pile  and  by  the  corklike  action  of  the  pile  in  fioating  up  when  relieved  of  the 
weight  of  the  hammer. 

Test  borings  were  made  and  test  piles  driven  covering  the  site  of  each  build- 
ing. The  results  obtained  were  not  only  valuable  in  giving  the  engineers 
assurance  in  the  use  of  short  piling,  but  also  reduced  contractors'  prices  by  fur- 
nishing them  with  accurate  information,  thus  eliminating  unnecessyar  waste. 

Table  XIII  gives  data  on  the  foundation  piles  as  driven  for  the  exposition 
buildings  and  Table  XIV  gives  unit  costs  of  the  tests. 

TaBIiK  XIII. QUANTmBS  AND  CoSTS  OF  FOUNDATION  PlLES,  PaNAMA-PaCIFIC 

Intebnational  Exposition 

Average    Approx. 
length     cost  per 
No.  of    Lin.  ft.    lin.  ft.     Piling  Percent-    of  pile    lin.  ft.  of 
piles       piling     piling      below     age  of     below    pile  below 
Buildings  driven    driven    cut-off     cut-off    waste      cut-off      out-off 

Machinery 1,577  47,573  2,487  45,086  5.2  28.6  27  cts. 

Education 634  11,595  1,608  9.987  13.9  15.7  40 

Manufactures...  1,591  62,292  5,429  56.863  8.7  35.7  25 

Agriculture 1,374  59,710  2,253  57,457  3.8  41.8  23K 

Food  Products..  665  12,015  2,388  9,627  19.9  14.5  40 

Liberal  Arts 751  10,989  1,241  9,747  11.4  13.0  40 

Transportation..  4,541298.674  11,849  286.915  4.0  63.2  23 

Fine  Arts 1,051  31,111  4,173  26,938  13.4  25.6  25 

Varied  Industries  1.444  52.367  2.756  49,611  5.2  34.3  22 

Mines 2,026  98.463  4.609  93.461  4.6  46.1  22 

Total 16,654 645,692     41.2    24K  eta. 

Note. — All  piles  were  driven  with  No.  1  Vulcan  Steam  Hammers. 

Weight  of  moving  element  approximately,  lb 5,000 

Fall  of  hammer  element  api>roximateIy,  ft 3M 

Average  cost  of  Douglas  fir  piles  delivered  at  site,  per  lin.  ft . . .     14  cts. 
Approximate  cost  of  erecting  and  dismantling  pile  driver $500 

Table  XIV. — Unit-costs  of  Tests 

(Total  cost,  including  material,  labor  and  engineering) 

Loading  piles  by  means  of  30-ton  sandboxes,  per  test $70 

Loading  platforms  with  sand  load,  per  test 15 

Hand  borings  with  auger  and  3-in.  casing,  holes  15  to  65  ft. 
deep  in  sand  and  clay,  per  lin.  ft 0. 26 

High  Records  of  Pile  Driving. — Engineering  and  Contracting,  July  17, 1918, 
gives  the  following: 

What  Is  probably  a  world's  record  for  pile  driving  was  made  on  June  12  at 
the  Hog  Island  Ship  Yard,  when  a  crew  of  11  negroes  in  charge  of  Edward 
Burwell,  working  for  the  Arthur  McMullen  Co.,  put  down  220  65-ft.  piles  in 
9  hours  and  5  minutes.  The  best  previous  record  at  the  yard  was  165  62-ft. 
piles  driven  in  9  hours  and  15  minutes  by  the  Raymond  Concrete  Pile  Co. 
In  the  construction  of  the  foundation  for  the  extensioir  of  the  Northern  Pacific 
Ry.  ore  dock  at  Superior,  Wis.,  the  contractors.  Siems,  Helmers  &  Schaffner, 
drove  168  60-ft.  piles  in  9  hours  with  a  turntable  device.  In  the  ore  dock  work 
the  piles  were  driven  through  holes  thawed  through  4  ft.  of  ice  and  in  28  ft.  of 
water. 

The  equipment  used  in  driving  the  220  piles  at  Hog  Island  consisted  of  a 
95 
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Vulcan  No.  1  hammer  and  a  skidding  rolling  machine,  with  a  3-<lzum  9  X  M 
hoisting  engine.  Hammer  and  hoist  were  driven  by  compraased  atr.  Tlie  kf 
for  the  day  follows : 

7:00  a.  m. — 8:00  a.  m 37  piles 

8:00  a.  m. — 9:00  a.  m 38  piles 

(Delay  4H  minutes  due  to  broken  steam  line;  raining  very  bacd  from  8:15  a  m. 
to  10:00  a.  m.) 

9:00  a.  m. — lOKX)  a.  m 28  piles 

lOHX)  a.  m.— 11:00  a.  m   22  piles 

(Delay  8  minutes  due  to  pile  fall  breaking.) 

11:00  a.  m. — 12:00  a.  m 27  piles 

12HX)  noon — 12:30  p.  m Inneh 

12:30  p.  m. — 1 :30  p.  m 25  mies 

(Heavy  rain  with  electric  showers  from  1:25  p.  m.  to  2:50  p.  m.  1^25  p.  n.  to 
1 :40  p.  m.  air  pressure  dropped  considerably,  which  held  up  hammer.) 

1:30  p.  m. — 2:30  p.  m 23  piles 

2:30  p.  m. — 3:30  p.  m 23  pUee 

3:30  p.  m.— 4:35  p.  m 22 


9  hours  and  5  minutes 220  piles 

Total  Unear  feet  piles.  14,260.  Stopped  driving  at  4:35  p.  m.  as  shipvsr 
No.  46  was  completed  and  there  are  no  remaining  piles  to  oe  driven  oo  the 
shipways  or  piers  on  Group  No.  5.  The  onlv  piles  vet  to  be  driven  are  feodfr 
piles,  dolphins,  spur  piles  and  a  few  special  piles  for  derrick  footings. 

The  Burwell  crew  since  it  began  work  at  Hog  Island  in  January  last  hs0 
driven  4,131  piles  with  a  total  of  241,573  lin.  ft.  The  record  of  this  gang  for  € 
months  follows: 

Month  No.  days       Piles 

January 10  190 

February 11  361 

March 23  711 

April 23  780 

May 27  1,470 

June 7  619 


Average 
No.  piles 

Av.  Un.  ft 

Lin.  ft. 

per  day 

per  day 

8,531 

19.0 

853.1 

20.560 

32.8 

1,889.1 

42.730 

30.9 

1.857.8 

47.333 

33.9 

2,057.9 

86,173 

54.4 

8.191.6 

36.246 

88.4 

5.178.0 

101  4.131       241.578 

AvM'Sce  number  of  piles  per  day  (6  mos.) 42. 68 

Average  Unear  foet  per  day  (6  mos.) 2,391. 82 

Average  length  of  piles 88.  5 

Cost  of  Cutting  off  Submerged  Piles. — Arthur  C.  Freeman  hi  Engineering 
and  Contracting.  Sept.  7,  1910,  gives  the  following: 

The  physical  conditions  encountered  during  the  building  of  the  foundatkms 
for  supporting  the  rails  of  the  Old  Dominion  Marine  Railway  at  Norfolk,  Va, 
required  cutting  off  306  piles  under  water  at  a  depth  of  from  sero  to  26  ft 

There  were  not  enough  piles  to  be  cut  to  justify  bringing  to  the  Job  a  stesm 
outfit  and  diver,  so  it  was  decided  to  make  a  device  for  cutting  by  haod  without 
the  use  of  a  diver.  This  was  done  and  proved  a  complete  success.  It  con- 
sists of  a  rectangular  frame  4  ft.  3  ins.  wide  and  ^ith  varying  length,  made  up  of 
2  X  2  X  H-in.  angles,  stiffened  by  curved  braces  at  the  lower  end  and  by  knee 
braces  at  the  upper  end  so  bolted  to  the  top  of  frame  that  the  length  tnm 
saw  to  the  point  of  support  is  adjustable  for  any  distance.  An  ordinary  4-ft. 
cross-cut  saw  was  attached  to  the  bottom  by  means  of  split  bolts  and  tightened 
by  nuts  to  the  frame.  The  top  of  the  frame  has  a  small  lug  whi<^  fits  into 
a  saddle  for  support  at  the  center  of  the  top  of  the  frame  and  free  to  allow  a 
rocking  motion  while  restrained  from  rising  during  the  sawing.  Two  ropes 
were  attached  to  the  side  of  frame  at  the  bottom  near  the  saw,  one  pair  being 
to  supply  power  to  produce  the  see-saw  motion  for  cutting,  the  other  to  apply 
pressure  to  the  saw  in  the  Une  ot  cuUing.    The  saddle  supporting  the  frame 
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rests  on  a  "  ribbon  "  or  grade  line  made  up  of  4  X  48  placed  some  uniform  dis- 
tance above  line  of  cut-off  and  to  the  same  grade.  Clamps  hold  the  saddle 
to  the  "ribbon"  and  are  easily  detached  to  more  the  frame  to  the  next  pile 
for  cutting.  The  foreman  stands  at  the  frame  to  steady  it  and  give  directions, 
two  to  three  men  were  placed  at  each  of  the  power  lines,  while  one  man  held 
both  of  the  pressure  lines.  The  cuttings  were  made  in  three  lifts,  12,  18^  and 
26  ft.  from  the  point  of  support.  The  grade  of  cut-off  was  H*in.  to  the  foot 
descending  to  the  water,  making  the  cut  of  the  last  piles  26  ft.  under  water. 
After  cutting  the  elevations  were  tested  and  showed  in  no  case  a  variance 
over  K  in.,  which  was  as  close  as  could  be  done  by  hand  work  above  surface. 
The  maximum  number  of  piles  cut  in  one  day  was  47. 

The  following  table  shows  the  costs  ta>ken  from  the  time  book:  Wages: 
Foreman  S4.00,  helper  $2.00,  labor  $1.50. 

75  piles  at  12  ft.  cutting  av.  cost  33H  cts.  each 

67  piles  at  18  ft.  cutting  av.  cost  32      cts.  each 

164  piles  at  26  ft.  cutting  av.  cost  42      cts.  each 

Cost    of    Making  and  Sinking  Premoulded  Concreted  Piles. — Geo.  K. 

Leonard,  in  Engineering  and  Contracting,  July  26,  1916,  gives  the  following: 
The  plans  for  the  construction  of  the  Lexington,  Neb.,  State  Aid  Bridge, 
across  the  Platte  River,  called  for  the  placing  of  three  concrete  piles  12  in. 
square  and  45  ft.  long  under  each  of  26  piers.  The  bed  of  the  Platte  River, 
throughout  its  entire  length,  is  composed  of  successive  layers  of  sand  and 
gravel,  varying  in  size  from  quicksand  to  5-in.  stones.  At  this  particular 
point,  clay  was  struck  at  a  depth  of  40  ft.  below  low  water,  and  the  piles  were 
to  penetrate  this  3  ft.,  the  remaining  2  ft.  projecting  into  the  pier.  The  piles 
were  reinforced,  as  shown  in  Fig.  9. 

Two  moulding  floors  24  by  48  ft.  were  made  and  the  piles  cast  in  lots  of 
16,  by  moving  the  side  forms  from  one  floor  to  the  other.  Following  is  the 
material  bill  for  the  forms: 

Ft.  B.  M. 

Sleepers,  26-4"  X  4"-24' 832 

Two  floors,  48-2"  X  12"-48' 4,608 

Sides,  32-2"  X  12"-48' 3,072 

Top  braces,  14-4"  X  4"-24' 448 

Miscellaneous  for  wedges,  etc 260 

Total 9,220 

56-H"  X  2'-6"  bolts. 

Cost  of  Matbrial  and  Labor  won  78  Pilbs 
Iktaterial  * 

Cement,  751  sacks  @  $0.432 $     326.  61 

Rods,  52,645  lb.  @  $0.0275 1 ,084.  23 

Mesh,  12,166  sq.  ft.  @  $0.0314 382.01 

Gravel,  118H  cu.  yd.  @  $0.75 88. 88 

Lumber,  9,220  ft.  B.  MT  @  $26  per  M 239.72 

Bolts,  56  @  $0.15 8.40 

Total $2, 129.  75 

Material,  cost  per  pile , 27. 31 

Material,  cost  per  lin.  ft .  607 

Labor: 

Maldng,  i>lacini;  and  removing  forms $     148. 60 

Placing  reinforcing 353.  50 

Mixing  and  placing  concrete 97. 96 

Total $    600.06 

Labor,  cost  per  pile 7. 69 

Labor,  cost  per  lin.  ft .  170 
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OnUnuily  ft  eoncnte  pile  will  dnk  in  the  Platte  Rlrer  of  Its  own  wel^t.  It 
propalj  ]etl«d.  Thli  wu  tried  by  the  contractor,  but  *t  b  depth  of  40  ft. 
&  eoane  layer  of  ET>vel  wis  encountered,  iriilcb  cmirietl  off  tbe  w&tec  sb  faat  m 
it  could  be  pumped,  sod  tbe  pilea  would  sink  no  turUier. 

Not  deeming  it  advlssble  to  hammer  on  the  piles,  3  ft.  was  cut  off  of  ettcb 
one,  and  tbe  toUowing  method  used  In  stnklng  them  so  that  tbey  would  rest  on 


IS  about  2  ft.  above  the  water. 


40-ft.  length  of  a 
20  in.  In  diameter,  whicb  was  sunk  unlil  it 
reeled  on  clay.  The  pile  was  then  set  Into 
the  open  well,  and  the  two  sectlona  of 
casing  pulled.  The  sand  running  In  aroimd 
the  pile  held  it  as  Srmly  a.9  if  it  had  been 
driven.  A  steam  hoist  and  derrick  handled 
the  casings  and  piles, 
_  The  bucket,  whicb  was  used  in  eicavM- 

~l  Ing  and  sinking  the  casings,  is  shown  in 
Fig.  9.  and  Is  described  as  follows :  A  piece 
of  heay;  steel  pipe  S  in,  in  diameter  and  8 
It.  long  was  fltted  with  a  hinged  bottom. 
containing    an    ordlnar:;    valve    opening 


9  held  B 


t  by 


'Strap 


means  of  a  dog.  which  could  be  tripped 
with  a  hammer  when  the  bucket  wae  full 
of  sand.  Riveted  to  the  top  of  the  bucket 
was  a  steel  head  tluaugh  the  center  trf 
which  the  piston  rod  slipped.  The  piston 
was  an  ordinary  pinnp  piston,  with  leather 
attached.  In  operation,  the  bucket,  with 
the  bottom  closed,  is  dropped  to  the 
bottom  of  the  casing  by  means  of  a  gaso- 
I  line  hoist,  the  hoisting  line  being  fastened 
to  a  ring  in  the  upper  end  of  the  piston 
rod.  As  the  piston  is  pulled  to  the  top. 
the  sand  Is  sucked  In  at  the  bottom  and  the  bucket  settles.  When  the  piston 
is  at  the  upper  end  of  tbe  bucket  II  strikes  the  top  and  bucket  and  all  is  hoisted 
to  the  top  of  the  casing  and  dumped.  As  tbe  sand  Is  taken  from  tbe  casing 
it  settles,  due  to  Its  own  weight,  and  to  a  number  of  sand  bags  on  a  platform, 
hanging  from  the  top  ol  the  casing.  In  this  way,  with  a  gang  of  two  men  at 
30  eta.,  and  one  man  st  20  cts.  per  hour,  working  (en  hours  per  day,  onepDe 
could  be  placed  per  day. 

The  coat  of  sinking  the  piling  for  the  job,  excluding  superintendence,  costot 
equipment,  repairs,  etc..  Is; 

Labor te34.6S 

Coal,  6  tons 31.  SO 

Qas.  210  gal.  23,10 

Total W89. 15 

Sinking  cost  par  pile 8.S4 

Sisking  coat  per  lin.  It .281 

Total  «>■(  per  pile  in  place 43,84 

Total  wet  per  liD,  (t,  b  place , .008 
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Cost  of  Cutting  off  Concrete  Piles. — Some  precast  concrete  piles  in  one  of 
the  navy  yards  were  driven  to  refusal  while  their  tops  were  still  above  proper 
grade.  The  method  of  cutting  them  off  is  described  by  Civil  Engineer  Kirby 
Smith,  of  the  United  States  Navy,  in  Bulletin  28  of  the  Public  Works  of  the 
Navy,  abstracted  in  Engineering  News-Record,  Jan.  17,  1918.  The  piles 
were  18  in.  square  at  cutoff,  reinforced  with  eight  f^-in.  square  rods  tied 
together  with  H-in.  wire  hoops  2  in.  c.  to  c.  for  a  distance  of  3  ft.  from  each 
end  and  8  in.  c.  to  c.  between  these  limits.  They  were  driven  3  to  20  ft. 
above  the  required  elevation,  the  difference  being  due  to  a  varying  stratum  of 
rock.  Outside  the  reinforcing  rods  there  was  a  protective  concrete  covering 
of  2  to  2  H  in.  This  was  chipped  off  at  the  required  level  with  a  cold  chisel  and 
a  sledge,  leaving  the  rods  exposed.  An  air  drill  was  tried,  but  the  chisel-and- 
sledge  method  was  found  to  be  easier.  Then  the  rods  were  cut  with  an  acety- 
lene torch.  This  left  the  concrete  core,  which  had  a  low  tensile  strength. 
Where  the  projecting  pile  was  of  suflScient  length  to  give  good  leverage,  a  IH- 
in.  manila  rope  was  slung  around  the  top  and  four  men  pulling  on  the  rope 
snapped  the  pile  off  at  the  cut.  Where  the  projecting  portion  was  short,  the 
same  result  was  accomplished  by  a  direct  pull  from  a  stationary  engine  and  a 
%-in.  steel  cable  attached  to  the  top  of  the  pile.  Two  men  were  employed 
in  cutting  out  the  concrete,  and  four  men  to  snap  off  the  piles.  The  average 
time  for  each  pile  was  one  hour,  and  the  total  cost  per  pile  averaged  60  cents. 


CHAPTER  XXIII 
BUILDING  CONSTRUCTION 

References. — For  further  data  on  cost  of  building  the  reader  is  referred  to 
Gillette's  "  Handbook  of  Cost  Data,."  Section  X,  which  contains  108  pages 
and  to  Gillette  and  Dana's  "Handbook  of  Mechanical  and  Electrical  Cost 
Data,"  Chaper  III  which  contains  70  pages. 

Raiiid  Methods  of  Estimating  Costs  of  Buildings. — In  Engineering  and 
Contracting,  Nov.  28,  1917, 1  gave  the  following  suggestions: 

The  square  foot  of  floor  area  and  the  cubic  foot  of  total  volume  are  the  two 
units  in  which  the  costs  of  buildings  are  conunonly  expressed  by  those  who 
apply  rough  and  ready  methods  of  estifnating.  But  obviously  such  unit  costs 
are  subject  to  wide  variations,  even  in  buildings  of  the  same  type.  Much 
more  satisfactory  than  the  square  foot  of  floor  area  for  approximate  cost 
estimating  purposes  is  the  square  foot  of  wall,  floor  and  roof,  with  the  base- 
ment and  foundation  estimated  separately.  Then  each  type  and  class  of  wall, 
floor  and  roof  can  be  estimated  by  itself. 

To  prepare  unit  costs  for  estimating  a  given  type  of  wall,  for  example,  the 
estimator  first  prepares  a  bill  of  materials  for,  say,  100  sq.  ft.  of  wall,  and 
applies  imit  prices,  including  labor,  to  all  the  materials,  totals  the  items  and 
divides  by  100.  The  same  is  done  for  windows  and  doors,  so  that,  knowing 
the  total  area  of  "openings"  the  cost  is  readily  estimated. 

Preferably  the  cost  of  columns  is  estimated  by  the  linear  foot,  but,  if  desired, 
the  cost  of  columns  may  be  included  as  a  part  of  the  cost  of  the  floors.  Base- 
ments may  be  estimated  by  the  cubic  foot,  to  which  may  be  added  the  cost  of 
any  special  foundation  work,  such  as  piling,  and  the  cost  of  the  floor.  The 
"  equipment " — ^plumbing,  heating,  lighting,  sprinkler  system,  elevators,  etc. — 
should  be  estimated  separately;  but  this,  at  least  in  part,  may  often  be  esti- 
mated by  the  square  foot  of  floor  area.  Thus  the  cost  of  a  factory  heating 
system  may  be  taken  at  25  cts.  per  square  foot,  and  the  cost  of  a  fire  sprinkler 
system  at  20  cts.  per  square  foot  of  floor. 

Between  the  very  crude  method  of  expressing  the  entire  cost  in  terms  of  the 
square  foot  of  floor  area  and  the  very  refined  method  of  detailing  all  quanti- 
tives  in  a  building,  there  stands  the  method  above  suggested,  in  which  com- 
posite units  of  different  types  and  classes  are  used. 

How  to  Estimate  by  the  Square. — ^I.  P.  Hides  gives  the  following  in  the 
National  Builder,  Oct..  1020. 

It  has  long  been  the  desire  of  carpenters  and  contractors  to  find  some  prac- 
tical short  way  of  estimating  that  would  do  away  with  the  laborious  job  of 
making  out  bills  of  material  in  detail.  We  will  now  show  how  to  make  com- 
binations in  a  safe  and  practical  way  which  can  be  used  to  save  a  large 
amount  of  the  ordinary  figuring.    We  have  arranged  the  items  so  that  car- 
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penters  and  contractors  can  fill  in  the  prices  and  make  the  combinations  to 
suit  the  job  which  they  have  on  hand. 

The  combinations  are  to  be  made  to  fit  the  job.  For  example  the  outside 
walls  of  the  house  may  be  sided,  shingled  or  stuccoed.  Each  would  have  to 
be  figured  at  a  different  rate  per  square;  consequently  the  different  items  must 
be  combined  to  fit  the  job.  The  same  is  true  with  the  floors;  some  kinds  of 
flooring  may  cost  much  more  than  others  both  in  regard  to  material  and 
labor.  So  in  every  case  it  is  necessary  to  consider  the  kind  of  material  and 
labor  that  goes  into  every  part  of  the  job.  What  will  do  for  one  job  may  not 
answer  at  all  for  another  and  it  always  will  be  necessary  for  the  contractor  to 
use  discriminating  judgment  in  making  estimates  no  matter  how  it  is  done  or 
by  what  system.  A  good  record  of  estimates  showing  the  actual  cost  of  work 
from  time  to  time  soon  gives  the  contractor  a  knowledge  of  costs  which  he  can 
rely  upon.  Keep  a  record  of  your  work,  follow  the  system  given,  watch  it 
closely  and  you  will  soon  be  able  to  establish  a  rate  per  square,  per  lineal  foot 
and  per  piece  that  you  can  depend  upon.  By  this  system  you  can  shorten 
the  work  of  estimating  to  a  large  extent  without  the  usual  dangerous  results 
from  short  cuts  in  estimating.  It  is  no  guess  work;  you  simply  combine  such 
parts  of  the  work  as  you  can  consistently  and  figure  them  together  in  a  lump 
sum.  Things  that  can  not  be  figured  in  combination,  you  can  figure  sepa- 
rately and  add  them  to  your  estimate  just  the  same.  The  combinations  as 
given  will  enable  one  to  figure  the  cost  of  the  bulk  of  the  material  and  labor 
above  the  foundation  without  making  out  itemized  lists  of  material  and  labor. 

Such  items  as  excavating,  masonry,  plastering,  painting,  electric  wiring, 
tin  work,  heating  and  plimibing  should  be  figured  separately  and  added  to 
make  the  complete  estimate.  It  is  the  lumber,  millwork  and  carpenter  labor 
mostly  that  the  carpen1;pr  contractor  seeks  for  a  reliable  and  easy  way  out  in 
the  matter  of  estimating.  The  following  is  our  form  and  system  of  estimating 
the  cost  of  building: 

Floob  Cost  Psb  Sqvabb 


Floor  joists,  sise. . .  .set. . .  .centers. 
Rough  floor 


Finish  floor. 

Carpenter  labor  framing 

Carpenter  labor  laying  rough  floor  .  . 
Carpenter  labor  lajrin^  finish  floor .  . . 
Carpenter  labor  scraping  finish  floor . 

Nails  for  framing 

Nails  for  rough  floor 

Nails  for  flnish  floor 

Floor  deadening 


Total  per  square $. 


The  above  form  shows  how  you  can  arrive  at  a  correct  price  per  square  in  a 
lump  sum.  In  making  your  total  you  can  figure  according  to  your  job.  For 
example  all  floors  may  not  have  the  same  size  joists,  they  may  be  spaced  differ- 
ent, the  finish  floor  and  the  rough  floor  may  be  different  on  different  jobs. 
Some  fioors  may  not  have  to  be  deadened  or  scraped.  In  getting  the  total 
omit  such  parts  as  are  not  required  and  fill  in  the  items  such  as  are  caUed  for  on 
the  job  you  are  to  figure.  The  quantities  of  dimension  for  different  size  joists 
and  the  quantities  of  rough  and  finish  floors  for  the  different  kinds  of  flooring 
we  have  given  in  former  articles. 
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Outbids  Wall  Cost  Psb  Squabs 

Outside  studding,  sise. . .  .set. . .  .inch  centers $ 

Outside  sheathing 

Siding 

Shingles 

Stucco  materia] . 

Building  paper 

Labor  framing 

Labor  sheathing 


Labor  siding . 

Labor  shining  outside  walls 

Labor  applying  stucco 

Nails  for  framing 

Nails  for  sheathmg 

Nails  for  siding 

Nails  for  shingling 

Nails  for  applying  stucco  board  or  lath . 


Total  per  square $ 

Not  all  of  the  above  items  will  be  likely  to  be  required  on  any  one  job;  in 

reaching  a  total  combine  such  items  as  will  be  required  on  the  job  you 

are  estimating. 

Pabtition  Cost  Psb  Squabs 

Studding,  sise set inch  centers $ 

Labor,  framing 

Nails 


Total  per  square $. 

CsiLiNO  Cost  Psb  Squabs 

Joists,  sise set inch  centers $. 

Labor,  framing 

Nails 


Total  per  square $ . 

Roof  Cost  Psb  Squabs 

Rafters,  sise set inch  centers $. 

Sheathing 

Shingles 

Asbestos  shingles 

Slate  roof 

Tile  roof 

Tar  and  gravel  roof 

Textile  shingles 

Rubberoid  roof 

Canvas  roofing 

Tin  roof 

Labor  framing 

Labor  sheathing 

Labor  shingling 

Labor  asbestos  shingles 

Labor  slate  roof 

Labor  tile  roof 

Labor  tar  and  gravel  roof 

Labor  textile  roof 

Labor  rubberoid  roof 

Labor  canvas  roof 

Labor  tin  roof 

Nails,  framing 

Nails  sheathing 

Nails  shingling 

Nails  for  other  roofings 


Total  per  square $ . 
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Make  the  combinations  and  total  according  to  kind  of  roofing  used  and  to 
fit  the  job. 

Porch  Floor  Cost  Per  Squabb 

Joists  size set inch  centers $ 

Flooring 

Labor  framing 

Labor  flooring 

Nails  framing 

Nails  flooring 


Total  cost  per  square $ . 

Porch  Ckilinq  Cost  Pbb  Square 

Ceiling  joists,  size set inch  centers $. 

C^ng 

Labor,  framing 

Putting  on  cemng 

Nails  ceiling 


Total  cost  per  square $ . 

Cornice  Cost  Per  Lineal  Foot 

Material,  frieze $ . 

Plancer 

Fascia 

Verge  boards 

Crown  mould 

Bed  mould 

Labor,  Frieze 

Plancer 

Fascia 

Verge  boards 

Crown  mould 

Bed  mould 

Nails 


Total  cost  per  lineal  foot $ 

In  making  totals  figure  only  such  items  as  apply  to  the  job  you  are  estimating. 

Add  for  gable  brackets S 

Labor  for  setting  the  same 


Total  for  brackets $ . 

Window  Cost  Complete  in  House 

Frame,  cost,  material  and  labor,  size $ . 

Sash,  glazed ^ 

Inside  trim  for  finish 

Labor  cost,  setting  frame 

fitting  sash 

Inside  finbhing  of,  casing,  etc 

Nails,  hardware,  weights,  etc 


Total  cost  per  frame $ 

Add  for  outside  or  inside  blinds 

Labor  for  same 

For  storm  sash 

Labor  fitting  and  hanging  same 

Screens  for  windows •. 

Labor  fitting  and  hanging 

Hardware 


Totals 

Make  totals  according  to  requirements. 
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Cost  Outszdb  Doobs  Complktb  in  House,  Cased  One  Su>b 

'  Frame  material  and  labor,  etc S 

Coat  of  door 

Casings  for  finishing 

Storm  door 

Screen  door 

Labor  setting  door  frame 

Fitting  and  hanging  door 

Casing  and  finishing 

Fitting  and  hanging  storm  door 

Fitting  and  hanging  screen  door 

Nails  and  hardware 


Totals. 


Cost  Intbriob  Doors  Complete  in  House,  Cased  Two  Sions 

Cost  of  jambs,  material  and  labor,  sise $ 

Cost  casings,  cased  two  sides,  steps  included 

Labor,  cost  setting  jambs • 

Fitting  and  hanging  door 

Casing  and  finishing 

Nails  and  hardware 


Total  cost  per  door . 


Cost  of  Sliding  Doors  Complete 

Single  Double 

Cost  of  jambs,  sise $ $ 

Cost  of  doors 

Cost  of  casings,  two  sides  and  steps 

Labor,  setting  jambs 

Fitting  and  hanging  doors 

Casing  and  finishing 

Nails  and  hardware 


Totals S. 


Cost  or  Folding  Doors  Complete  in  House 


Cost  of  jambs,  sise tr. 

Cost  of  casings,  two  sides  including  stops 

Doors 

Nails  and  huxlware 

Labor,  setting  jambs 

Hanging  doors 

Casing  and  finishing 


Total  cost $. 

Inside  base  lineal  foot S 

Floor  mould 

Nails 

Labor 


Total  cost '.  %. 

Cost  of  Picture  Moulding  Per  Foot 

Picture  mould $. 

Nails 

Labor 


Total  cost $. 
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Cost  op  Room  Cornicb  Pbr  Lineal  Foot 

Material  per  foot f 

Nails 

Labor 


Total  cost $. 


BsAM  CsiLiNO  Cost  Pbr  Lineal  Foot 

Material  per  foot $ . 

Nails 

Labor 


Total  cost $. 


Plate  Rail  Cost  Per  Lineal  Foot 

Material  per  foot $. 

Nails 

Labor 


Total  cost $. 


Estimating  Data. — U.  M.   Dustman  gives  the  foUowing  in  The  National 
Builder,  May,  1918. 

First  Floor  Joist. — The  joist  can  be  butted  together,  or  they  can  run  past 
each  other  in  the  center  and  be  spiked  together,  which  is  preferable.  The  first 
floor  joist  plan  will  show  the  number  of  joist  required  for  the  building;  but 
when  there  is  no  floor  joist  plan,  divide  the  length  or  space  that  the  joist  are 
to  occupy  by  4  and  multiply  the  quotient  by  3  and  add  one;  then  add  one  for 
each  partition,  to  double  the  joist.  It  is  safer  to  add  another  extra  one,  as 
sometimes  the  joist  'cannot  be  spaced  equally,  especially  for  the  second  floor, 
when  it  is  sometimes  necessary  to  have  a  joist  on  each  side  of  a  partition.  The 
first  floor  joist  are  generally  taken  from  the  basement  plan  and  the  second 
floor  joist  from  the  first  floor  plan,  to  see  where  the  bearing  partitions  are. 
The  second  floor  plan  must  also  be  taken  into  consideration  when  the  floor 
joist  are  being  taken  off,  as  for  double  joist  under  partitions,  and  extra  projec- 
tions are  sometimes  given  as  in  a  plan  where  the  second  floor  extends  partly 
over  the  front  porch. 

Partitions. — In  taking  off  the  number  of  studs  required  for  inside  partitions, 
each  partition  should  be  taken  by  itself.  A  partition  12  feet  long  will  require 
12  divided  by  4  and  multiplied  by  3  equals  9,  add  1  equals  10.  No  allowance 
should  be  made  for  openings,  as  the  doubling  of  the  studs  on  each  side  of  an 
opening  will  take  the  ones  left  out  for  the  oi)eiiing. 

Plates. — Figure  a  single  plate  at  the  bottom  and  a  double  plate  at  the  top  for 
all  bearing  partitions;  partitions  that  are  not  bearing  will  only  require  a  single 
plate  at  each  end.    Outside  walls  should  be  double  plates  at  the  top. 

OtUside  WaU  Studs. — Studs  for  outside  wall  should  be  taken  on  16  inch 
centers,  not  taking  out  any  openings  unless  they  are  4  feet  or  more.  Corners 
must  be  doubled. 

Rafters. — If  16  inch  centers,  take  the  same  figures  as  for  the  studs.  If 
24  inch  centers,  then  divide  the  space  by  2  and  add  1.  To  get  the  length  of 
rafters  when  figuring  out  a  bill  of  material  for  a  one-half  pitch  roof,  add  5 
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inches  to  each  foot  of  run.  Take  a  building  24  feet  wide  with  a  projection  of 
2  feet  on  each  side;  then  the  starting  place  for  the  roof  will  be  24  feet  plus  4 
feet  or  28  feet  wide.  One-half  of  28  equals  14  feet  run;  5  times  14  equals  70. 
or  70  inches  to  be  added  to  14  feet,  or  19  feet  10  inches;  it  will  then  require 
a  timber  20  feet  long  for  the  rafter.  For  the  one-third  pitch  roof  add  2)4 
inches  tp  each  foot  of  run. 

Shiplap,  Flooring  and  Siding. — For  8-inch  and  10-inch  shiplap  add  15  per 
cent  or  one-seventh  of  the  number  of  square  feet.  If  there  are  1,400  square 
feet  requiring  shiplap  it  will  take  one-seventh  of  1,400  or  200  square  feet  extra 
to  cover  the  same  or  1,600  feet.  For  6-inch  flooring  add  one-fifth;  for  4-inc^ 
flooring  add  one-fourth,  and  for  2-inch  flooring  add  two-fifths.  For  6-inch 
lap  siding  add  three-tenth,  for  5-inch  siding  add  one-third,  and  for  4-inch  sid- 
ing add  two-fifths. 

Roof  Sheathing. — Take  the  number  of  square  feet  in  the  roof. 

Shingles. — If  laid  4H  inches  to  the  weather  it  will  require  about  900  shingles 
to  the  square  of  100  square  feet,  but  as  there  is  always  a  waste  it  is  safer  to 
figure  1,000  shingles  to  the  square. 

Plastering. — Multiply  the  length  of  a  partition  by  the  height  and  divide  it 
by  9 ;  for  the  ceiling  the  same.  It  is  safer  to  take  each  room  by  itself  when  the 
actual  number  of  yards  must  be  had.  If  the  height  of  a  ceiling  is  9  feet  then 
every  foot  of  run  will  be  1  yard.  No  allowance  is  made  for  openings  unless 
they  contain  more  than  40  square  feet.  The  rules  are  different  in  most 
cities.  If  the  openings  are  taken  out  the  contractor  must  figure  more  per 
yard. 

Lathing. — ^It  takes  about  14  lath  4  feet  long  to  make  one  square  yard.  The 
price  for  lathing  varies  in  different  cities,  and  one  figuring  work  must  figure  the 
price  figured  in  the  city  where  the  work  is  to  be  done.  Metal  lathing  is  also 
done  mostly  by  the  square  yard,  though  sometimes  by  the  day. 

Painting. — Painting  is  mostly  figured  by  the  square  yard.  When  lap  siding 
is  used,  allowance  must  be  made  for  the  under  edge  of  the  siding.  Measure 
the  projection  of  the  cornice.  No  allowance  is  made  for  windows  as  they  take 
more  work  than  if  it  were  all  solid.  Inside  doors  generally  are  figured  the  same 
way,  by  the  number  of  square  yards  they  contain.  A  2  feet  6  inches  by  7  feet 
door  with  the  jambs  and  casing  will  contain  about  3  square  yards  on  each 
side.    Floors  are  very  easily  figured  by  the  square  yard. 

Cement  Work. — Some  contractors  figure  cement  work  by  the  cubic  yard  and 
some  by  the  cubic  foot  for  foundation  work,  footings,  etc.    Cement  floors 
and  sidewalks  are  figured  by  the  square  foot  of  surface.    Cement  blocks  are 
figured  at  so  much  a  block;  prices  vary  in  different  localities  according  to 
wages  paid  and  the  price  of  material.     A  cubic  yard  of  sand  and  gravel  con- 
tains 27  cubic  feet.     One  sack  of  cement  contains  1  cubic  foot  of  cement. 
When  water  and  cement  are  added  to  pit  gravel  it  settles  more  solid  than  the 
loose  gravel  and  when  in  place  it  will  only  measiure  about  25  cubic  feet;  so 
when  figuring  cement  work  obtain  the  actual  number  of  cubic  feet  and  divide 
it  by  25;  which  will  give  the  number  of  yards  of  pit  gravel  required.     A  wall 
containing  600  cubic  feet  will  require  600  divided  by  25  or  24  yards  of  sand 
and  gravel.    A  mixture  of  1  part  of  cement  to  6  of  gravel  will  require  100  sadu 
of  cement,  4  sacks  to  a  barrel  or  25  barrels.     For  top  dressing  It  will  take  more 
cement,  as  the  mixture  is  sometimes  in  equal  parts  and  sometimes  1  of  cement 
to  2  of  sand.    For  cellar  fioors  or  sidewalk  work,  determine  the  number  of 
cubic  feet  of  concrete  by  multiplying  the  length  by  the  width  in  feet,  then  If 
4  inches  thick  divide  by  3.    A  fioor  10  X  30  feet  wlU  then  have  10  X  30  or 


BUILDING  CONSTRUCTION  1617 

800  square  feet;  divide  300  by  3  and  we  find  that  there  are  100  cubic  feet  of 
concrete.  For  the  top  dressing,  which  is  generally  1  inch  thick,  there  will  be 
for  the  same  floor  10  X  30  feet  equals  300  square  feet  of  dressing  1  inch  thick, 
then  by  dividing  300  by  12  we  have  the  number  of  cubic  feet  of  top  dressing 
or  25  cubic  feet.  One  cubic  yard  of  sand  will  be  sufficient  sand,  and  if  mixed 
1  part  of  cement  to  2  of  sand  then  it  would  require  12H  sacks  of  cement;  if  in 
equal  parts  it  will  take  25  sacks,  4  sacks  to  a  barrel.  When  washed  gravel  or 
broken  stone  are  used,  mixed  with  sand,  it  will  require  more  material  than  for 
pit  gravel,  as  the  sand  will  fill  the  voids  in  the  gravel  or  broken  stone.  If  it 
requires  600  cubic  feet  of  solid  concrete,  add  15  per  cent  to  this  which  will 
make  600  cubic  feet  of  material.  A  mixture  of  4  parts  of  gravel,  2  of  sand  and 
1  of  cement  would  then  take  690  divided  by  3  or  230  cubic  feet  of  sand  or  8H 
cubic  yards;  460  cubic  feet  gravel  or  17  cubic  yards;  100  sacks  of  cement,  to  do 
the  work  for  600  cubic  feet  of  solid  concrete. 

Brick  Work. — ^When  figuring  brick  work  the  walls  are  figured  solid  and  the 
corners  two  times.  Brick  are  generally  figured  by  the  thousand,  laid  in  the 
wall.  For  a  4-inch  wall  figure  7H  brick  for  each  square  foot  of  wall  surface, 
15  brick  for  an  8-in  wall,  22H  for  a  12-inch  wall,  and  so  on,  adding  7H  brick 
for  every  4  inch  in  thickness.  When  figuring  the  actual  number  of  bride 
required  to  do  a  certain  job,  take  the  number  of  surface  feet  and  deduct  for 
all  openings  and  multiply  by  6Ht  which  will  give  plenty  of  brick  and  allow 
for  broken  ones.  For  mortar  to  lay  1,000  brick  it  will  take  2H  bush^  or 
200  pounds  of  lime  and  about  ^  yard  of  sand.  For  lime  and  cement 'mortar 
take  2  bushels  lime,  1  barrel  cement  to  ^  yard  of  sand  for  1,000  brick.  The 
amount  of  mortar  required  depends  largely  on  the  thickness  of  the  mortar 
joint.  Mortar  coloring  requires  about  50  pounds  of  color  to  the  thousand 
brick,  depending  on  the  shade  of  mortar  color  required. 

Stone  Work. — Stone  walls  for  foundation  work  are  generally  figured  by  the 
perch.  While  24M  cu.  ft.  contain  one  perch,  in  some  localities  16^^  cu. 
ft.  are  figured  as  one  perch  and  the  price  made  accordingly.  Foundation 
walls  for  a  residence  are  generally  figured  18  in.  thick,  comers  counted  to 
times;  that  is,  the  outside  measurement  of  the  wall  is  taken.  To  find  the 
niunber  of  perch  in  a  wall  if  18  in.  thick,  multiply  the  length  by  the  height 
of  the  wall,  then  by  l^i  and  divide  by  the  number  of  cubic  feet  in  a  perch.  A 
wall  40  ft.  long,  8  in.  high,  18  in.  thidc,  will  contain  40  X  8  X  1^  or 
480  cu.  ft.  of  wall. 

■Interior  Trim. — The  interior  trim  is  generally  taken  from  the  plans  by  the 
mill  man  and  figured,  but  the  contractor  should  be  able  to  take  off  a  mill  bill 
and  send  it  out  for  figures  to  different  mill  men.  Give  the  number  of  doors, 
size  and  thickness,  and  the  kind  of  wood;  give  the  number  and  size  of  all 
windows,  also  the  number  of  window  frames,  size  of  casing,  kind  of  head 
casing,  and  whether  for  a  wood,  plastered  or  brick  building.  Give  length  of 
inside  casing  and  number,  nimiber  of  feet  of  base,  quarter  round,  picture 
mould,  head  mould,  etc.;  number  and  size  of  cupboard  doors,  drawers  and 
shelving;  window  and  door  stops;  stairways,  size  of  tread  and  rise  and  length, 
number  of  feet  of  railing,  number  of  balusters,  cove,  newels,  hand  rail;  nmnber 
of  feet  of  chair  rail,  and  closet  strips,  porch  columns,  balusters  and  railing, 
mantle  shelf,  seats,  colonnade,  etc. 

Hardware. — Make  out  a  list  of  hardware  wanted  and  get  figures  on  same,  or 
let  the  hardware  dealer  give  you  an  estimate  of  what  he  will  furnish  for  so 
much  money.  When  making  out  list  of  hardware  mention  the  number  of 
locks,  hinges  and  size  of  same;  valley  tin,  ridge  roll,  gutters,  down  spouts,  tin 
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roof  and  flashing;  drawer  pulls,  sash  lifts  and  locks,  weights,  sash  cord.  Fig- 
ure the  nails  as  follows:  5  lbs.  of  shingle  nails  to  each  1,000  shingles.  18 
lbs.  siding  nails  to  1,000  feet  siding,  20  lbs.  8d.  for  sheathing  and  25  lbs.  for 
4-in.  and  6-in.  flooring  per  1,000  ft.    Dimension,  20  lbs.  per  1,000  ft. 

Estimating  carpenter  labor  with  labor  at  50  cts.  per  hour.  No  exact 
method  can  be  established  to  do  carpenter  work.  Some  men  do  more 
work  than  others  in  a  day,  which  makes  a  difference  in  estimating.  A  very 
close  average  can  be  had  by  keeping  track  of  work  done  on  other  buildings. 
The  following  is  a  very  close  way  of  estimating;  it  is  better  to  make  your 
estimate  too  high  than  too  low  and  lose  money  on  work.  Add  together  the 
number  of  feet  of  lumber  required  for  the  framing,  sheathing  for  outside 
wall,  roof,  and  for  sub  floors,  siding  and  partition  studs  and  figure  the  same 
at  $15  per  thousand  feet.  Suppose  there  are  15,000  feet  of  lumber  required 
for  a  residence;  at  $15  per  thousand,  the  labor  would  cost  $225  to  put  all  of  the 
lumber  in  place.  For  a  one-story  porch  with  floor,  ceiling  and  wood  shingle 
roof,  the  labor  will  cost  about  25  cts.  per  square  foot  of  floor  surface.  A 
porch  10  ft.  wide  by  16  ft.  long  contains  160  sq.  ft.;  thus  at  25  cts. 
per  square  foot  will  amount  to  $40  for  labor  to  build  the  porch.  For  a  two- 
story  i>orch  40  cts.  per  square  foot  if  screened. 

Hard  Wood  Floors. — ^To  lay  and  scrape  a  hard  wood  floor  is  worth  5  cts. 
per  square  foot  of  floor  laid.  A  room  12  X  20  ft.  contains  240  sq.  ft. 
of  floor  space,  and  at  5  cts.  per  square  foot  will  amount  to  $12.  For  yellow 
pine  floor  figure  at  3  cts.  per  square  foot. 

Exterior  Trim. — Find  the  number  of  feet  required  for  exterior  trim  and 
multiply  by  $20  per  thousand  feet. 

Window  Frames. — To  set  the  frame,  hang  the  sash  and  do  the  casing  for 
ordinary  windows  it  is  worth  $1.50  each  for  yellow  pine  and  $1.75  for  oak. 

Door  Frames. — To  set  case  on  outside  frames,  hang  the  door  and  put  on 
lock  and  stops  complete,  $2  each.  Inside  Doors. — To  set  jamb,  case,  hang 
and  put  on  lock  and  stops  for  yellow  pine,  $1.75  each;  oak,  $2.25.  Cupboard 
from  $8  to  $10.     Base  3  cts.  per  running  foot;  picture  mould,  75  cts.  a  room. 

Stairs. — Main  stairs  from  $8  to  $10,  cellar  stair  $2,  and  rear  stairs  $4. 
Porch  steps — ^front,  $4;  rear,  $2.  Screens,  40  cts.  each;  colonnade  from  $6  to 
$8;  seat,  $4  to  $6.     Cased  openings,  $2. 

Component  Costs  of  Building  Construction. — ^At  the  national  conference 
of  the  construction  industries  held  in  Feb.,  1921  at  Philadelphia,  Barclay 
White,  a  contractor,  of  that  city,  gave  some  information  on  this  subject  that 
should  be  of  interest.  The  following  abstract  of  his  statement  is  given  in 
Engineering  and  Contracting,  June  22,  1921. 

The  relative  values  of  the  various  parts  of  the  building  have  not  been  very 
carefully  studied  heretofore  but  we  have  made  an  attempt  to  fix  an  approxi- 
mate proportion  covering  the  whole  building  field  in  this  territory.  We  have 
gone  about  this  by  taking  a  composite  of  building,  which  includes  a  reinforced 
concrete  factory  building;  slow  burning  or  heavy  construction  warehouse 
building  with  brick  walls;  the  tjrpical  style  of  two-story  dwelling;  detached 
brick  and  frame  residence;  stone  schoolhouse  with  wood  floor  construction; 
fire-proof  institutional  building;  the  apartment  house;  and  the  steel 
frame  office  building. 

How  the  Costs  Were  Arrived  At. — From  our  own  records  of  cost  we  have 
taken  typical  instance  in  each  of  these  eight  tsrpes  of  building  and  have  divided 
it  up  according  to  the  actual  cost  figures,  into  labor  and  materials,  and  have 
then  tried  to  proportion  the  various  types  of  building  as  nearly  as  possible. 
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in  their  correct  relation  to  the  total  volmne  of  business  which  is  done  in  this 
territory.  Of  course,  right  there  you  will  realize  that  there  is  bound  to  be  a 
great  deal  of  leeway  which  should  be  brought  out,  for  in  the  course  of  the 
last  few  years  house  building  has  fallen  off  very  largely  in  proportion  to  the 
heavier  types  of  construction.  These  figures  will  have  to  be  taken  as  the 
best  approximation  that  the  circumstances  permit. 

After  arriving  at  a  makeup  of  the  different  types,  and  proportioning  the 
various  t3rpes  into  their  proper  ratios,  we  have  summarized,  for  instance,  the 
main  item  as  skilled  labor  on  the  building.  It  is  a  little  difficult  to  say  where 
skilled  labor  stops  and  unskilled  labor  begins,  but  we  have  based  the  calcula- 
tion on  the  mechanics  on  one  side  as  against  the  apprentices,  helpers,  hod 
carriers  and  common  laborers  on  the  other  side.  The  result  of  our  calculation 
is  given  in  Table  I. 

Overhead,  Expenses  and  Profit- — There  is  really  a  duplication  of  overhead 
expenses  and  profit  because  possibly  65  per  cent  of  the  work  is  sublet,  and  on 
that  work  sublet  to  the  plumber,  the  plasterer,  the  painter,  etc.,  there  is  really 
a  double  overhead,  because  the  general  contractor,  as  superintendent  of  the 
work,  makes  arrangements  with  the  sub-contractor  and  divides  the  work,  so 
that  we  find  office  rent,  general  expenses  and  overhead — ^but  not  including 
office  wages — ^to  be  6.8  per  cent.  The  net  compensation  of  the  sub-contrac- 
tors, assuming  they  do  65  per  cent  of  the  work,  3.90  per  cent,  and  the  net 
compensation  of  the  general  contractor,  assuming  he  does  35  per  cent  of  the 
work,  directs  and  supervises  the  balance,  3.42  per  cent,  bringing  the  total  up 
to  100  per  cent. 


Tablb  I.  — Pbrcbntaobs  of  Elbmbnts  in  Compositb  Buildinq 

The  division  of  costs  of  an  imaginary  composite  building  has  been  arrived 
ait  by  talung  the  actual  cost  figures  on  different  types  of  buildings,  includ- 
ing an  ordinary  two-story  brick  dwelling  (row  type),  a  detached  residence, 
a  reinforced  concrete  factory  building,  a  slow  burning  construction  ware- 
house building,  a  steel  frame  office  building,  a  fireproof  and  wood  floor  school 
building,  with  stone  walls,  and  a  brick  apartment  house. 

The  relative  importance  of  these  different  types  of  building  in  determining 
the  figures  for  the  composite  whole,  were  determined  by  reference  to  the  pub- 
lished lists  of  building  permits  and  similar  statistics  as  furnished  by  F.  W. 
Dodge  Co.,  so  that  the  result  as  given  represents  as  nearly  as  possible  the 
exact  relative  importance  of  the  various  items  in  the  make-up  of  the  total 
volume  of  building  business  transacted  in  this  territory 

Analysis  in  i>ercentages  of  cost  of  a  composite  building,  showing  average 
values  of  various  items  for  each  $100  worth  of  building  work  normally  done  in 
Philadelphia  district: 


Labor:  Per  cent 

All  skilled  labor  and  supervision  on  the  building  inoludins  also 
stone  cutting,  and  shop  work  on  sheet  metal  and  milTwork 

only 27.66 

Unskilled  labor  as  above 9 .44 

Office,  estimating,  general  supervision  and  engineering  salaries.  6 .  60 

Liability  insurance 1.41 

Total  labor  (no  manufacturing  except  as  stated) 44.00 
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Per  cent 
Materials: 
Lumber  for  millwork,  concrete  forms  and  structure  delivered  at 

site $  8 .  86 

Bricks — delivered  at  site 6 .  10 

Steel — structural,  miscellaneous  and  reinforcement,  delivered 

at  site 6 .  93 

Boilers,  heaters,  piping,  etc.,  for  heating 3.  05 

Plumbinc  fixtures,  piping,  etc 2.  76 

Cement  f.  o.  b.  cars 2.  60 

Hardware,  nails  and  similar  misc.  materials 1.  78 

Sand,  delivered  to  site 1 .  69 

Electric  fixtures,  conduit  wire,  etc 1.  60 

Stone,  slag  and  pebbles  for  concrete 1 .  49 

Sprinklers  and  fire  protection  apparatus  and  minor  unclassified 

items 1 .  04 

Building  stone .90 

Paint .76 

Roofing  and  sheet  metal  materials .70 

Plastering  materials  (no  sand) .65 

Lathing  materials .65 

Steel  sash,  etc.,  delivered  to  site .50 

Lime  (no  plaster) .45 

Glass 40 

Cut  stoire  (materials)  and  terra  ootta. .38 

Elevat(»*s  (delivered  to  site) .28 

Mechanical  equipment,  cranes,  etc .21 

Tile  and  marble  (materials  only) .10 

42.88 
Overhead  expense  and  Profit: 

Office  rent,  taxes,  interest,  depreciation  of  equipment,  general 

expense  and  overhead  (not  wages) 5. 80 

Net  compensation  of  all  sub-contractors  (assumed  as  doing 

65  %  of  the  work  direct) 3.  90 

Net  compensation  of  general  contractor  (assumed  as  doing 
35%  of  the  work  direct  and  supervising  the  balance)  3.42 

100.00 

t 

Cost  of  College  Buildings  from  1851  to  1916. — Interesting  information 
on  building  costs  at  the  University  of  Wisconsin  from  the  period  from  1851 
to  1916  is  given  by  Arthur  Peabody,  State  Architect  of  Wisconsin,  in  an  article 
in  the  Wisconsin  Engineer,  from  which  the  matter  following  is  abstracted  in 
Engineering  and  Contracting,  June  26,  1918. 

The  original  buildings  at  the  University  consisted  of  three  halls  and  a 
residence.  These  buildings  were  completed  by  1857,  after  which  for  14  years 
no  others  were  added.  They  were  constructed  of  local  stone,  the  walls  being 
of  rubble  masonry  with  a  facing  of  ashler.  The  floors,  roof  and  partitions 
were  of  timber.    The  costs  of  these  four  structures  were  as  follows: 

Cubic    Cost     per 
Year  feet,         cu.  ft., 

built  gross  cts. 

1861  North  HaU 331,655  6. 0 

1855  South  Hall 331 ,650  6.4 

1855  Residence  of  director  of  observatory 110,000  4. 5 

1857  University  HaU 682,500  9. 3 

Average  for  4  buildings 7.6 

The  buildings  erected  between  1871  and  1887  followed  the  general  practice 
of  construction  employed  in  the  other  buildings.  The  cost  per  cubic  foot  of 
these  buildings  ranged  from  5.1  cts.  tot  a  structure  erected  in  1879  to  17.7  cts. 
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for  one  erected  in  1878.  The  cost  of  the  Chadboume  Hall  built  in  1871  was 
15.2  cts.  per  cubic  foot. 

The  new  Science  Hall  built  in  1888  was  a  departure  from  previous  buildings. 
The  use  of  fireproof  construction  and  steel  and  hollow  tile  in  this  building 
was  one  of  the  first,  if  not  the  first,  example  of  the  use  of  these  materials  in 
modem  public  buildings.  The  gross  contents  of  buildhig  of  the  building  was 
1,751,310  cu.  ft.  and  it  cost  16.3  cts.  per  cubic  foot.  The  only  other  fireproof 
building  erected  at  Wisconsin  up  to  1006  was  the  State  historical  library. 
This  building  was  of  structural  steel  and  hollow  tile  with  a  facing  of  Bedford 
stone.  It  was  erected  in  1900,  had  1,410,000  cu.  ft.  gross  contents  and  cost 
53.1  cts.  per  cubic  foot. 

Some  c(»nparisons  of  cost  as  between  fireproof  and  non-fireproof  buildings 
are  interesting,  as  they  tend  to  show  a  decrease  in  actual  cost,  if  the  greatly 
enhanced  value  of  the  buildings  erected  is  taken  into  consideration. 

The  following  buildings  are  of  ordinary  construction,  having  masonry  walls, 
and  wooden  floors  and  partitions: 

Cubic      Cost  per 
feet,        cu.  ft.. 
Year  built  Walls  gross  cts. 

Chadboume  Hall 1871-1896  Stone         775.  250  17. 4 

Dairy  building 1892        Brick          300,000  13. 3 

Soils  physics  building 1894        Brick          123, 750  15. 0 

South  wing  University  Hall 1895        Stone          518, 320  12. 5 

Engineering  building 1901        Brick          746, 144  13. 4 

Agricultural  HaU 1902        Brick      1,041 ,000  14. 8 

Main  Chemistry  building 1905        Brick*    1 , 420 ,  000  8.2 

North  wing  University  Hall 1906        Stone          518 ,320  14.3 

Average  for  8  buildings 13. 6 

*  Built  of  sand  Hme  brick  walls,  except  on  small  part  of  front;  very  plain. 

The  following  buildings  have  masonry  walls,  concrete  floors  and  tile 
partitions: 

Cubic      Cost  per 
feet,        cu.  ft.. 
Year  built  Walls  gross  cts. 

Agronomy  building 1906  Brick  193, 500  14. 3 

Agricultural  Engineering 1906  Brick  345 ,  000  14. 8 

Central  heating  station 1908  Brick  1 ,  01 1 ,  500  10.  38 

Forest  Products  laboratory 1909  Brick  573 ,  600        8. 5 

Lathrop  HaU 1909  Stone  1,476,000  13.0 

Dairy  laboratory 1909  Brick  144,377  11. 0 

Biology  building 1910  Stone  1 ,  198,450  16. 7 

Wing  on  Engineering  building 1910  Brick  277 ,  000  13.  6 

Horticultural  building 1910  Brick  325,600  15. 4 

Wing  on  Chemistry  building 1912  Brick  545 ,  200  13. 2 

Home  Economics  building 1912  Stone  746 ,  200  15. 9 

Barnard  Hall 1912  Stone  647,700  19. 07 

Wisconsin  High  school 1913  Brick  900,000  13.15 

Agricultural  Chemistry  building 1913  Brick  658 ,250  12. 66 

Physics  building 1915  Brick  1,323,000  13.3 

Soils  building 1915  Brick  333,800  15. 9 

Average  for  16  buildings 13. 76 

Cost  of  Seven  School  Buildings  at  Pittsburgh,  Pa.  (Engineering  and  Con- 
tracting, Aug.  22,  1917). — During  the  past  flve  years  the  Board  of  Public 
Education  of  Pittsburgh,  Pa.,  has  completed  seven  new  elementary  schools 
and  two  new  high  schools  at  a  cost  of  $3,168,721.  The  average  cost  of  the 
general  work  has  been  14.6  cts.  per  cubic  foot.  The  cost  of  the  heating  and 
ventilating  has  been  2.9  cts.  per  cubic  foot.  The  cost  of  the  plumbing  has 
96 


1522 


HANDBOOK  OF  CONSTRUCTION  COST 


< 


b3- 

ii 

.a 
a.g 

OS 

a 


C4      C4      CI       C4C40IC4 


»HN»H»H        rHd 


n-  - 


-?^ 


5  3i 


o 
Hi 

M 

s 

o 
o 


C4     ooor^o     o9 


II 

8-S.2 

OQ 


_     »     »oooeo»H     or* 

lO      CD      ao      i00co*0      00^ 


.s:sS 


CD 
Q      O      O      OOOO      OO 


o 

S 
o 

o 

OQ 


O^ 


If 

•9© 


^  a>  CD  (0^^*Q*H  co^ 

iC  CO  O)  CDi-iOCO  »^t*> 

CO  w  tC.  c»ooi-f^  5-1 '^ 

o»  CD  1-^  o*»ooooo  to*^ 

■^  00  t*  cDt^or*  <o<3 

0»  t«  00  ^'*»-<b»  t»"3 


J3 


(3 

§ 

s 

a 

§ 

i 

43 

^ 

TJ 

t3 

a 

a 

<8 

eS 

S 

3 

•^^ 

s 

*S 

Piiil 

I"*  n  h   h  t4  t; 
t<;g  ®  »  »  » 

PN        pEtpC4pN(Z4 


a 

a 


d  a  a  a 

0)  4>  «  0) 


o  - 
h  o 

ao 

V  is 

a  >o 


43 

a 

08 


O 
O 


g 


a       to 
CO      C4 


C4 


•T3  TS  13  TS  ij  TJ  rt 
c8  w  cS  cS  fl  CS    ^ 

SSSSoSSx 

O  O  O  O  MO  0*2 

eqcooo     coco 


o 
a> 

a 
« 

1 

S   ^   i   SS8  :8  :  :   li 

0)0)    *0) 


a)  o  w     w.     w.     «,.w>w>     w- 


been  1.2  cts.  per  cubic  foot  and  the 
cost  of  the  electrical  work  has  been  0.8 
da.  per  cubic  foot.  The  total  cost  of 
all  buildings  has  been  19.5  cts.  per  cubic 
foot.  Bids  taken  Dec.,  1916  indicated 
an  increase  in  the  cost  of  construction 
amounting  to  56  per  cent  above  contracts 
let  a  year  previous  to  that  date. 

Unit  Costs  of  Forty-Seven  School 
Buildings  (Engineering  Record.  Oct. 
4,  1913). — Total  costs  of  forty-seven 
school  buildings  in  Boston  are  given  in 
the  (1912)  annual  report  of  the  School- 
house  Department,  and  from  these 
figures  the  cubical  contents  and  the 
number  oi  pupils  accommodated,  costs 
per  cubic  foot  and  per  pupil  are  derived. 
The  total  costs  range  from  $23,000  to 
$329,000.  the  number  of  pupils  per 
school  varying  from  160  to  1832. 
The  costs  -per  cubic  foot  are  very  uni- 
form, averaging  between  22  and  23  cents, 
two  running  as  low  as  17  cents  and 
one  as  high  as  28  cents.  The  costs 
per  pupil  fluctuate  more  widely,  rang- 
ing from  $117  to  $208,  exclusive  ot 
several  high  school  and  normal  school 
buildings,  in  which  the  cost  per  pupil  is 
as  high  as  $940.  The  figures  are  further 
divided  into  the  building  proper,  heat- 
ing, plumbing  and  electrical  equipment. 
The  buildings  proper  cost  from  76  to  86 
per  cent  of  the  whole,  the  heating  from  6 
to  15  (most  of  them  being  from  8  to  11 
per  cent),  the  plumbing  4  or  5  per  cent, 
except  in  a  few  cases  as  low  as  3  or  as 
high  as  9,  and  the  electrical  equipment 
slightly  less. 

Cost  of  Nine  School  Buildings  in 
Cincinnati. — W.  P.  Anderson,  in  Engi- 
neering Record,  Aug.  7,  1909  gives  the 
following: 

Costs  of  Warehouses  at  Navy  Yards. 
— CivU  Engineer  Kirby  Smith,  U.  S. 
Navy  in  "Public  Works  of  the  Navy." 
and  in  Engineering  and  Contracting, 
Aug.  28,  1918,  gives  the  following. 

The  general  features  of  design  in  all 
the  structures  are  the  reinforced  con- 
crete columns  with  a  flat-slab  floor  sy** 
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tern,  and  brick  curtain  walls  with  adequate  glazed  areas.  Buildings  'are 
equipped  with  extensive  toilet  and  locker  facilities,  sprinkler  systems,  fire 
walls,  and  a  sufficient  number  of  elevators,  the  larger  structures  having  both 
freight  and  passenger  service.  The  buildings  are  generously  provided  with 
loading  platforms  and  large  doors  for  handling  incoming  and  outgoing  stores. 
Contracts  for  all  these  buildings  were  let  between  April  and  Nov.,  1917. 

Tablb  III. — Dbtails  of  Government  Storehousbb 

• 1 

s    ^.    -s    1     1 

«      ?   I    «     ^     I 
I      S    s    I     i      § 

Location  Sise  qq  ^      Pd        P^         oq  O 

New  York 180X360  11  ...  28  2,160  60  63,000 

Philadelphia* 7  ...  20  842  20  27,300 

Boeton* 6  4  ..  800  20  27.300 

Mare  Island 64X404  5  6  ..  418  16  12,600 

Charleston 61X321  5  ...20  384  12  10,000 

Paget  Sound 120  X  240  10  4  . .  1 ,275  20  21 ,000 

New  London 64X224  4  4  171  11  4,000 

Hampton  Roads 118X494  6  ...  36  696  16  26,000 

Pearl  Harbor 61X150  4  3H  •  •  120  8  2,600 

Newport 61X241  4  IH  •  •  172  6  4,000 

Washington 100  X  250«  5  ...  20  590  12  12,200 

Brooklyn 103X103  7  3H  •  •  260  8  6,450 

Mare  island 60  X  186  4  6H  . .  106  5  3,306 

*  Allow  bearing  on  foundations,     t  Steel  tonnage,  estimated. 

*  L-shaped,  104K  ft.  and  224H  ft.  on  ends;  304H  ft.  and  200  ft.  on  sides. 
«  U-shaped.  184K  ft.  X  264K  ft.  with  court  33M  ft.  wide.  •  And  50-ft.  l-story 
annex. 


Table  IV. — Cost  of  Government  Storehouses 


Cubic  con- 
tents, cu. 
Location  ft. 

New  York 8,737,000 

Philadelphia 3.604,300 

Boston 2,996,100 

Mare  Island 1,338,400 

Charleston 995,000 

Puget  Sound 2,976,700 

New  London 665,000 

Hampton  Roads 3 ,994 ,  123 

Pearl  Harbor 416,000 

Newport 731,474 

Washington 1 ,981 ,  250 

Brooklyn 795,675 

MarelsUnd 473,507 


Total  floor 

area,  out  to 

out  of  bldg., 

sq.  ft. 

712,800 

307.000 

251,700 

128,700 

96,600 

287,800 

57,000 

352,423 

37,000 

59,400 

137,500 

74,263 

89,767 


Floor  area. 

inside  of 
walls,  sq.  ft. 

696.300 

300,300 

243,200 

125.600 

93.100 

280.600 

54.900 

345,073 

35.300 

56,985 

133.900 

71,379 

38.264 


Actual 

cost,  per 

ou.  tt. 

$0,133 
.141 
.173 
.148 
.218 
.170 
.180 
.179 
.232 
.202 
.190 
.250 


Actual 

cost,  per 

sq.  ft. 

$1.63 
1.66 
2.04 
1.54 
2.24 
1.76 
2.10 
2.03 
2.61 
2.49 
2.74 
2.60 


Costs  d  Twenty-Two  Hospital  Buildings. — Costs  of  hospital  buildings  are 
given  by  O.  H.  Bartine  in  a  paper  read  before  the  Arherican  Hospital 
Association.  The  followhig  data,  published  in  Engineering  and  Contracting, 
July  26,  1916,  are  summarized  tiam  detailed  tabulations. 
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For  twenty-two  buildings  the  building  and  equipment  costs  per  cu.  ft.  were 
as  follows: 

Per  cu.    ft.. 
Item  ct«. 

Total  buOdinc 38 . 2 

Heating  and  ventilating 3.3 

Electric  system 0.9 

Electric  fixtures 0.3 

Plumbing 2.9 

Refrigeration 1.2 

Vacuum  cleaner  system 0.2 

Elevators 0.7 

Kitchen  equipment 0.4 

Power  plant : 4.7 

Total 52.8 

The  segregated  building  costs  per  cu.  ft.  for  thirteen  hospitals  were  as 
follows: 

Per  cu.  ft.. 
Item  cts. 

Excavation 2.6 

Masonry 12 . 4 

Structural  steel 4.5 

Carpentry 2.8 

Roofing 1.0 

Glass  and  glasing 3.6 

Skylights  and  sheet  metal 1.1 

Pamting 0.6 

Lathing  and  plastering 1 .  23 

Composition  flooring 0.8 

Tiles,  mosaics  and  marbles 2.11 

Hardware 0.6 

Cast  iron 2.2 

Total 43.2 

In  determining  cubical  contents  the  author  states:  "  Measurements  should 
be  taken  from  the  base;nent  or  subbasement  Gowest)  floor  level  to  the  mean 
of  the  outftide  of  the  roof,  and  from  outside  to  outside  of  walls.  In  other 
words,  the  cubic  feet  of  air  displaced  by  the  exterior  dimensions  of  the  build- 
ing should  be  considered,  eliminating  approaches,  balustrades  and  other 
projections  not  enclosing  space." 

Cost  of  Fireproof  Loft  Building,  Chicago. — Harold  Doerr,  in  Engineering 
and  Contracting,  March  18,  1914,  gives  the  following: 

The  building,  completed  in  the  fall  of  1913,  is  seven  stories  high  with  pro- 
vision for  the  addition  of  three  stories  in  the  future  and  covers  an  inside  lot 
50  X  170  ft.  The  foundations  are  of  reinforced  concrete  having  a  maximum 
thickness  of  3  ft.  1  in.  and  cover  practically  the  whole  building  area. 

The  foundation  and  columns  are  stronger  than  are  actually  required  to  meet 
the  present  conditions.  The  present  roof  beams,  which  are  to  form  the  frame- 
work for  a  future  eighth  floor,  have  been  set  level.  The  pitch  of  H  in.  in  1  ft. 
required  for  the  roof  is  obtained  by  means  of  a  graded  cinder  fill,  over  which  is 
built  a  1-in.  layer  of  cement  mortar,  mixed  in  the  proportions  of  1  part  cement 
to  2  parts  sand,  on  top  of  which  was  laid  a  tar-and-gravel  roof.  There  are 
three  pent  houses  on  the  roof  for  the  tanks  and  two  elevators  in  addition  to 
a  stair  hatch.  The  building  contains  a  large  six-ton  high-speed  freight  le- 
vator, large  enough  to  allow  a  truck  to  drive  onto  it  from  the  alley,  and  a 
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ten-passenger  elevator  located  in  tbe  front  part  of  the  building.  A  sprinkler 
system  of  the  wet  type  is  Installed  complete,  with  pmnps  for  water  and  air, 
and  a  5,000-gal.  pressure  tank  and  a  25,000-gal.  grarity  tank  being  provided. 
The  floors  throughout  the  building  are  of  maple,  the  best  quality  being  used 
on  the  first  three  floors  and  first-grade  factory  maple  on  the  upper  floors. 
The  10-in.  tile  floor  arches  are  covered  with  a  3-in.  cinder  concrete  filL  All 
colimins  are  fireproof ed' with  a  1:2:4  mixture  of  stone  conerete,'the  minimum 
protection  afforded  being  2H  ins* 

Contract  Price  and  Unit  Cost. — ^The  contract  prices  of  the  principal  items 
are: 

Cents 
Total       per  on.  ft^   Per  cent 

Steelwork,  703  tons  at  $60.00 $42, 180.00  4. 16  28.60 

Foundation  and  sidewalk 11,300.00  1.11  7.65 

Fireproofing 16,000. 00  1 .  58  10.82 

Masonry 14,000.00  1.38  9.49 

Carpenter  work. 8,500.00  0.84  6.40 

Sprinkler  system.... 7,600.00  0.74  6.10 

Elevators 7,000.00  0.69  4.75 

Heating 6,675.00  0.66  4.46 

Ornamental  iron 4,800.00  0.47  3.26 

Plastering 4,500.00  0.44  3.06 

Architectural  terra  cotta. 3,979.70  0.39  2.69 

Cinder  concrete 3,900.00  0.38  2.64 

Excavation  (15  ft.) 2,637.60  0.76  1.78 

Total  for  above  items $132,872.20     13.08  89,68 

Other  contracts  increase  the  total  cost  of  the  building  to  about  $147,808. 
The  cubic  contents  of  the  building,  including  foundations  and  pent  houses,  are 
1,016,966  cu.  ft.,  making  the  cost  approximately  14.5  cts.  per  cubic  foot. 

Cost  of  Railway  Buildings  of  Concrete  and  Brick. — ^The  following  examples 
of  structures  with  their  cost  are  abstracted  from  the  report  of  the  American 
Railway,  Bridge  and  Building  Ass'n.  by  Engineering  and  Contracting,  Oct. 
23,  1912. 

On  the  Lehigh  Valley  Railroad  the  passenger  station  at  Cortland,  N.  Y., 
was  built  with  hollow  tile  walls  with  a  cement-stucco  finish.  The  foundations 
are  of  concrete.  The  partitions  are  of  hollow  tile.  This  building  is  a  one- 
story  structure  26  X  109  ft.,  with  a  second  story  over  the  ticket  ofiBce  28  X 
31  ft.  The  cost  of  the  building  was  $19,000,  exclusive  of  platforms,  or  about 
$6.60  per  square  foot.     The  cost  per  cubic  foot  was  24  cts. 

A  combined  passenger  and  freight  station  on  this  road  at  Milan,  Pa.„  was 
built  with  concrete  foundations  and  hollow  tile  partitions.  The  floors  w^e 
of  concrete  and  the  roof  of  timber,  covered  with  rooflng  paper.  The  size  of 
the  building  is  19.6  X  62  ft.,  and  its  cubic  contents  are  18,200  cu.  ft.  The 
freight  house  portion  of  the  building  has  a  raised  platform  of  reinforced 
concrete,  and  the  platforms  for  the  passenger  staticm  are  also  of  concrete.  The 
cost  of  the  building  was  $3,600,  or  $3.60  per  square  foot.  The  cost  per  cubic 
foot  was  20  cts. 

A  freight  house  built  by  the  Lehigh  Valley  Company  at  Bethlehem,  Pa.,  cost 
$36,000.  The  office  porti<m  of  the  building  had  concrete  foundations,  hollow 
tile  with  stucco  flnish,  wood  floors,  roof  trusses  and  partitions.  It  is  finished 
with  wood  trim  inside  and  is  plastered.  The  building  is  two  stories  high  and 
46  X  64  ft.  in  area.  In  the  freight  portion  of  the  building  the  foundation^, 
outside  walls,  lire  walls  and  fioors  are  of  concrete  and  the  roof  is  of  timber. 
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The  area  is  59  X  254  sq.  ft.  and  the  height  is  one  story.  A  raised  platform  is 
built  of  reinforced  concrete.  There  are  three  fire  walls.  Th^  building  has  a 
basement.  The  cost  of  the  entire  building  per  cubic  foot  was  6.7  cts.  The 
cost  of  the  office  iwrtion  of  the  building  was  12  cts. ;  of  the  freight  house  por- 
tion 5.7  cts.  and  of  the  platform  was  80  cts.  per  square  foot. 

A  roundhouse  of  16  stalls  was  built  by  tlie  L^iigh  Valley  R.  R.  at  Coxton. 
Pa.,  at  a  cost  of  $50,000.  The  foundations  were  of  1 : 3  : 5  concrete  and  the 
columns,  roof  beams  and  roof  of  1 : 2  : 4  concrete.  The  side  curtain  walls  were 
of  plastered  hollow  tile.  The  floor  was  also  of  concrete.  The  windows  were 
of  wood.  The  cost  per  stall  was  $3,125.  or  8  cts.  per  cubic  foot,  or  $1.87  per 
square  foot.    The  cubic  content  of  the  roundhouse  was  626,040  cu.  ft. 

Costs  per  Square  Foot  of  Buildings,  Panama-Pacific  Exposition. — ^A.  H. 
Markwart,  in  Engineering  Record,  June  6,  1914,  gives  the  following: 

TaBUD  V. DllCBNSIONS  AND  COBT  OF  Bun^DINQS,  FANAMA-PACinc  EbEPOSITIOll 

—Floor 

M  _L  -»*  • 


o  go        ^M 


Palace  S"^  P>-  -5  °  *         H  Sq.  ft.        o 

Agriculture 579X639    20.634,000     62  6  $425,610  328,633  SI. 30 

Education 394X526    14,053,000    68  6  304,263  205,100  1.48 

Festival  Hall 270,000    57,400  4.70 

Fine  Arts 580,000  204.325  2.84 

FoodProducts 424X579    15.609,000    66  0  342.551236.690  1.45 

Horticulture 341,000  201.000  1.70 

Liberal  Arts 475X585    16,038.000    64  0  344.180  251.300  1.37 

Machinery 367X967   38,000,000  103  0  659,665  369,600  1.78 

Manufactures 475X552    15,650.000     67  0  341,069  234.000  1.46 

Minesand  Metallurgy  451  X  579    16.199.000    64  0  359,445  252,000  1.43 

Transportation 579  X  614   20.418.000    65  0  481.677  314.000  1.58 

Varied  Industries 414X541    14.648.000    67  0  312,691219,000  1.43 

Cost  of  a  Cotton  Storage  Shed. — E.  S.  Pennebaker,  Jr.  (Engineering  News, 
Jan.  2,  1913)  describes  a  large  cotton-storage  shed  at  Mobile,  Ala.,  to  provide 
for  the  protection  of  cargoes  of  export  cotton  from  damage  by  bad  weather. 
It  is  a  timber  structure  135  by  410  ft.,  covering  a  smooth  concrete  floor,  and 
fronting  the  Mobile  River. 

The  building  was  erected  and  thorou^ily  equipped  by  labor  contract,  the 
railway  company  furnishing  all  materials.  The  work  was  done  imder  the 
supervision  of  the  construction  d^artment  and  completed  in  approximately 
60  working  days  at  a  cost  of  22.2  cts.  per  sq.  ft.  of  floor  area,  exclusive  <^  fire  line 
and  lighting,  or  at  a  total  cost  of  27.5  cts.  per  sq.  ft.  of  floor  area.  This  struc- 
ture covers  a  floor  area  of  nearly  IH  acres,  and  has  a  capacity  of  7000  bales  of 
compress  cotton  piled  single  tier.  It  is  provided  with  ample  fire  protection, 
is  lighted  with  tungsten  lamps,  and  is  served  with  track  facilities  which  reduce 
to  a  mininniTTi  the  cost  of  shlpslde  delivery. 

19S1  Cost  of  Building  Materials. — ^The  Architect  and  Engineer,  gives  the 
following,  based  on  reliable  information  furnished  by  San  Francisco  material 
houses.    Date  of  quotations,  June  20,  1921. 

All  prices  f .  o.  b.  cars  San  Francisco  or  Oakland.  For  country  work  add 
freight  and  cartage  to  prices  given. 
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American  ImiUute  of  ArchitecU*  Fees. — New  work — 6  per  «ent  minimum  basis. 
Alterations — 7  to  10  per  cent  as  a  minimum  basis.     High  class  residence  work — 
10  per  cent  as  a  minimum. 
Bond — 1}4  %  amount  of  contract. 
Brickworh— 

Common.  $40.00  per  1000  laid. 
.    Face,  $90.00  per  1000  laid. 

Common,  f.  o.  b.  cars,  $16.50  plus  cartage. 

Face,  f.  o.  b.  cars,  $55.00  per  1000,  carload  lots 

Hollow  Tilb  Firbproofinq 

12  X  12  X  3  in.,  lOK  ots.  per  square  foot. 
12  X  12  X  4  in.,  llH  ots.  per  square  foot. 
12  X  12  X  6  in.,  16)^  cts.  per  square  foot. 

Hod  carriers,  $7.40  per  day. 

Bricklayers,  $9.25  per  day. 

Lime — $3.25  per  bbl.;  carload,  $2.75  per  bbl. 
Compoeition  Floors — 30  cts.  per  sq.  ft. 
Concrete  Work  (material  at  San  Francisco  bunkers)— 

No.  3  rock $2.26  per  yd. 

No.  4  rock 2 .  25  per  yd. 

Niles  pea  gravel 8 .  25  per  yd. 

Niles  gravel 2. 50  per  yd. 

Niles  top  navel 3 .  00  per  yd. 

City  gravd 2.25  per  yd. 

River  sand 1 .  50  per  yd. 

Bank  sand 1 .00  per  yd. 

Sand 

Del  Monte,  $1.25  to  $1.50  per  ton. 
Fan  Shell  Beach.  $2.50  to  $3.00  per  ton. 
Cfu*  lots,  f.  o.  b.  Lake  Majella. 

Cement  (f .  o.  b.  cars) $  3 .  69  per  bbl. 

Rebate  for  sacks,  15  cts.  each. 

Atlas  "White" $12.60  per  bbl. 

Medusa  cement $12. 60  per  bbl. 

Forms $25.00  per  M 

Waob — 

Concrete  workers $7. 50  per  day 

Cement  finishers 8. 35  per  day 

Laborers 6.95  per  day 

Dampproofing — 

Two-coat  work,  25  ots.  per  yuxl. 

Membrane  waterproofing — 4  layers  of  P.  B.  saturated  felt,  $6.00  per  square. 

Hot  coating  work,  $2.00  per  square. 

Waob — Roofers,  $8.35  per  day. 
Electric  Wiring — $8.00  to  $12.00  per  outlet  for  conduit  work  (including  switches) 

Knob  and  tube  average  $4.50  to  $6.00  per  outlet. 

Wage — Electricians,  $9.25  per  day. 
Exeavation-- 

$1.75  per  yard. 

Teams,  $10.00  per  day. 

Trucks,  $28.50  to  $38.50  per  day. 

Above  figures  are  an  average  without  water. 

Steam  shovel  work  in  large  quantities,  less;  hard  material,  such  as  rock,  will 

run  considerably  more. 
Fire  Escapes — Ten-foot  balcony,  with  stairs,  $100.00  per  balcony. 
CRass — (Consult  with  manufacturers.) 

21  ounce,  20  cts.  per  square  foot. 

Plate,  $1.40  per  squfU'e  foot/ 

Art,  $1.00  up  per  square  foot. 

Wire  (tor  skykghts),  44  cts.  per  squfU'e  foot. 

Obscure  glam,  28  cts.  per  square  foot. 

Note. — Add  extra  for  setting. 

Waob — Olariers,  $7.85  per  day. 
Heah'niT'-Average,  $2.00  per  sq.  ft.  of  radiation,  according  to  conditions. 

Wagd — Steamfitters,  $9.25  per  day. 


^ 
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Iron — Coet  of  ornamental  iron,  cast  iron,  etc.,  depends  on  design. 

Wagb — Iron  workers,  bridge  and  structural,  $9.25  per  day. 
Lumber — (Prices  delivered  to  bldg.  site) 

Common,  $34  per  M  (average). 

Common  O.  P.  (select),  $45  per  M  (average) 

Flooring — 

1  X3No.  1 $77.00  per  1000 

1  X  3  No.  2 72.00  per  1000 

1  X  4  No.  1 73.00  per  1000 

1  X  4  No.  2 70.00  per  1000 

1  X  4  No.  3 47.00  per  lOOO 

1  X  6  No.  2  and  better 73.00  per  1000 

IK  X  4  and  6  No.  2 76.00  per  lOOO 

Slash  grain,  1  X  4  No.  2 48.00  per  lOOO 

Slash  grain,  1  X  4  No.  3 39.00  per  1000 

No.  1  common  run  to  T.  &  G 35.00  per  1000 

Lath 6. 50  per  1000 

Shingles — (Add  cartage  to  prices  quoted) 

Redwood,  No.  1 $1.00  per  bdle. 

No.  2 90  per  bdle. 

Red  Cedar 1 .  10  per  bdle. 

Hardwood  Floors — 

Maple  floor  (laid  and  finished),  30ots.  per  foot. 
Factoory  grade  floors  (laid  and  finished),  20cts.  per  foot. 
Oak  (quartered,  finished),  40cts.  per  foot. 
Me  Oak  ^olear),  30cts.  per  foot  (plain). 
Me  Oak  (select),  28cts.  per  foot  (plain). 
Me  Oak,  quartered,  sawed,  clear,  35ctB. 
Wage — Floor  layers,  $9.35  per  day. 

Per  M  ft. 
Hardwood  Floors  (not  laid)— 

Me  X  2"  sq.  edge  Clear  quartered  oak $173. 50 

Select  quartered  oak 121 .  50 

Clear  plain  oak 1 19 .  00 

Select  plain  oak 95. 00 

*M«  X  2K"  face  Clear  quartered  oak 210.00 

Select  Quartered  oak 144 .  00 

Clear  plain  oak 157 .  50 

Select  plain  oak «... 114 .  00 

Clear  maple 134. 50 

Clear  maple — white 178.00 

*M«  X  3K"  face    Clear  maple 134. 50 

IH  X  2K'^  face       Clear  maple 134.50 

H  X  2"  face       Clear  quartered  oak. 158.00 

Select  quartered  oak 112 .  50 

Clear  plain  oak 112. 50 

Select  plain  oak 78.00 

Clear  maple 89.50 

Millwork — 
O.  P.,  $100  and  up  per  1000.     R.  W.,  $120  and  up  per  1000. 
Double  hung  box  frame  windows  (average)  with  trim,  $7.50  and  up  eaoh. 
Doors,  including  trim  (single  panel),  $10  and  up  each. 

Doors,  including  trim  (five  panel) $9 .  00  each 

Screen  doors,  $3.50  each. 
Window  screens,  $1.50  each. 

Cases  for  kitchen  pantries  seven  feet  high,  per  lineal  foot,  $9  eaoh. 
Dining  room  cases,  if  not  too  elaborate,  $10  each. 
Labor — Rough  carpentry,  warehouse  heavy  framing,  $13.00  per  1000. 

For  smaller  work,  average.  $25.00  to  $35.00  per  1000. 
.  Waqb— Carpenters,  $8.35  per  day. 
Laborers— C/ommon,  $6.00  per  day. 
Marble— (Not  set)  add  60cts.  up  per  ft.  for  setting 

Columbia $2.06  sq.  ft. 

Alaska 2.05  sq.  ft. 

San  Saba 3.65  sq.  ft. 

Tennessee 2. 50  sq.  ft. 

Verde  Antique. ^. 4.56  sq.  ft. 

Waob — Marble  polishers  and  finisheos,  $6.00  per  d«y. 
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Painting — 

Two-coat  work.  35  cts.  per  yard. 

Three-coat  work,  50  cts.  per  yard. 

Whitewashing,  5  cts.  per  yard. 

Cold  water  painting,  9  cts.  per  yard. 

Turpentine,  $1.05  per  gal.  in  cases  and  90cta.  per  gal.  in  tanks. 

Raw  linseed  oil,  04  cts.  per  gal.  in  barrels. 

Boiled  linseed  oil,  06  cts.  per  gal.  in  bbls. 

Pioneer  white  and  red  lead,  11^  cts.  lb.  in  one  ton  purchases;  12H  ots.  lb.  for 

less  than  500  lbs. 
Waqb — Painters,  $8.35  per  day. 
Note — Accessibility  ana  conditions  cause  wide  variance  of  costs. 

PcUent  Chimneys — 

6-inch $1 .  50  lineal  foot 

8-inch 1 .  75  lineal  foot 

10-inch 2.25  lineal  foot 

12-inch 8.00  lineal  foot 

Pipe  Casings — $8.00  each. 
Plastering — 

Interior,  on  wood  lath,  70  cts.  per  yard. 

Interior,  on  metal  lath,  $1.80  per  yard. 

Exterior,  on  brick  or  cMicrete,  $1.30  per  yard. 

Portland  White.  $1.75. 

Interior  on  brick  or  terra  ootta,  60  cts.  to  70  cts.  per  yard. 

Exterior,  on  metal  lath,  $1.85  to  $2.25  per  yard. 

Wood  lath,  $6.50  at  yard  per  1000. 

Metal  studding,  $1.25  to  $1.50  per  yard. 

Suspended  ceiling  and  walls  (metal  furring,  lathing  and  plastering),  $2.25  per 
yard. 

Galv.  metal  lath,  33  cts.  and  up  per  yard,  according  to  gauge  and  weight. 

Lime,  f.  o.  b.  warehouse,  $3.25  per  bbl. 

Hardwall  plaster,  $22.00  per  ton,  f.  o.  b.  warehouse.     (Rebate  on  sacks, 
15  cts). 

Waob — Plasterers,  $10.20  per  day. 

Lathers,  $0.25  per  day. 

Hod  carriers,  $8.35  per  day. 
Plumbing — 

From  $70.00  per  fixture  up,  according  to  grade,  quantity  and  runs. 

Waqb — Plumbers,  $9.25  per  day. 
Reinforcing  Steel — Base  price  for  less  than  car  load  lots  $3.50  per  100  lbs. 

Carload  lots,  $3.25  per  100  lbs.,  f.  o.  b.  San  Francisco.     (Mill  delivery.) 
Roofing — Five-ply  tar  and  gravel,  $6.50  per  square  for  30  squares  or  over. 

Lees  than  30  squares,  $7.00  per  square. 

Tile,  $35.00  to  $50.00  per  square. 

Redwood  shingle,  $10.00  per  sq.  in  place. 

Cedar  shingle,  $10.00  per  square  in  place. 

Reinforced   Pabco  roofing,  $8.25  per  square.    Waqs — Roofers,  $8.35  per 
day. 
Rough  Hardware — 

Nails,  per  keg,  $5.50  base. 

Deafening  felt,  $110.00  per  ton. 

Building  paper,  P.  &  B., 

1  ply.  $3.50  per  lOOO  ft.  roll. 

2  ply,  $5.50  per  1000  ft.  roll. 

3  ply,  $8.00  per  1000  ft.  roll. 
Sash  cord, 

(Sampson  spot),  $2.25  per  hank  100  ft. 
Common,  $1.00  per  hank  100  feet. 

Sash  weights,  cast  iron,  $80.00  per  ton. 
Sheet  Metal- 
Windows — Metal,  $2.00  a  square  foot. 
Skylights — 

Copper,  $1.25  a  square  foot  (not  glazed). 

Galvanised  iron,  40  cts.  a  square  foot  (not  glased). 

Wagh — Sheet  metal  workers,  $9.25  per  day. 
Stone-granite — 

Wao* — Stone  cutters,  $8.35  per  day. 

Stone  setters,  $8.35  and  $8.80  per  day 
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Store  Fronts — 

Kswneer  copper  ban  for  store  froats. 

Corner,  center  and  around  sides,  will  average  $1.35  p^  lin.  foot. 

Zouri  bar.  SI. 25  per  lin.  foot. 

Zouri  Underwriters'  Specification  sash  $1.60  per  lin.  foot. 
Struetural  SUd-^%ldO.0O  per  ton  (erected). 

This  quotation  is  an  average  for  comparatively  small  quantities. 

Light  truss  work  higher;  plain  beam  and  column  work  m  large  quantities,  lees. 
SUdSaahr^ 

Fenestra,  from  S.  F.  stock,  28  cts.  to  34  bts.  per  sq.  ft. 

Fenestra,  plant  shipment,  28  cts.  to  34  cts.  per  sq.  ft.     (Includes  muUions 
and  hardware.) 

Trus-con,  from  San  Francisco  stock  27  cts.  to  33  cts.  per  sq.  ft. 

Trus-con,  plant  shipment,  27  cts.  to  33  cts  per  sq.  ft. 

U.  S.  Metal  Products  Co.,  30  cts.  per  sq.  ft.  m  San  Francisco. 
rOe— White  glased,  80  cts.  per  foot. 

White  floor,  80  cts.  per  foot. 

Colored  floor  tile.  $1.00  per  foot. 

Promenade  tile,  $1.00  per  sq.  ft.  laid. 

Waos — Tileeetters,  $8.35  per  day. 

ComparatiTe  Costs  of  Soiall  Houses  for  1914,  I9t0,  and  1911  (Engineering 
and  Contracting,  May  25, 1921.)  At  the  national  conferenoe  on  the  construc- 
tion industries  beld  at  Philadelphia  Feb.  15-18  under  the  auspices  of  the  Indus- 
trial Relations  Conunittee  of  the  Philadelphia  Chamber  of  Commerce  and 
the  National  Federation  of  Construction  Industries,  Daniel  Crawford,  Jr.,  an 
operative  builder  of  Philadelphia,  gave  an  interesting  analysis  of  the  cost  of 
the  general  construction  of  a  typical  dwelling.  According  to  his  -figures  a 
2-story  house  of  6  rooms  and  bath,  built  in  Philadelphia,  cost  $2,969  in  1014, 
$8,346  in  1920  and  could  be  built  for  $6,676  in  1921.  These  figures  are  based 
on  an  operation  of  100  houses.    Mr.  Crawfords'  figures  follow: 

1914  1920  1921 

Ground $600.00     $600.00     $600.00 

Stbbbt  Impbovbmknts 

1.  Sewer 22.50  60.00  60.00 

2.  Water  pipe 15.00  30.00  30.00 

3.  Curb  (plain) 6.00  16.50  16.60 

4.  Cartway  paving 25.00  90.57  90.57 

$  68.50    $197.07    $197.07 

QbNSBAL  CONDmONB 

1914  1920  1921 

1.  Plans $     1.00  $        2.00  $        2.00 

2.  Survey 3.50  5.00  5.00 

3.  Building  permits  and  affidavits 5.00  7.50  7.50 

4.  Water  permit  (brick  and  stone) 1.80  1.80  1.80 

5.  Electric  service 

6.  Gas  service 4.00  4.00 

7.  Fire  insurance  on  building  material .10  .10  .10 

8.  Fire  insurance  on  buildings 1.60  3.87  2.58 

9.  Plant  and  tools 5.00  15.00  12.00 

10.  Sales  expense 64  00  176.00  144.00 

11.  Advertising 32.00  88.00  72.00 

12.  Office  expense ,29.40  78.60  65.50 

13.  Compensation  insurance 7.93  6.80 

14.  Taxes 11.25  25.00  77.45 

15.  Interest 101.25  263.00  219.40 

16.  Title  company's  charges 69.75  150. 25  123.75 

17.  Deed — Acknowledfl^ng  revenue  and  re- 

cording   4.00  8.50               5.00 

18.  Expense — Placing  first  mortgage 20. 00  220. 00  108. 00 

19.  Expense— Placing  second  mortgage 23 .  00  278 .  00  125 .  00 

20.  Supervision 18.00  36.00  36.00 

21.  SuppUes 5.00  15.00  1200      . 

$895.65    $1,445.55    $1,036.18   ( 
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CONSTBUCTION 

1.  Excavation $      40.95  %      99.46  S      93.60 

2.  Stone  masonry 145. 54  408. 70  354 .42 

3.  Brick  masonry 226.25  703.67  659.71 

4.  Rough  carpentry 255. 42  955. 41  555 . 67 

5.  Finish  carpentry 266.00  850.00  610.00 

6.  Plastering 104.61  385.04  269.42 

7.  Cement  work 83.00  258.54  198.76 

8.  Cutstone 7.70  16.00  .       16.00 

9.  Structural  steel 11.80  48.47  33.63 

10.  Roofing  and  spouting 50.00  120.00  110.00 

11.  Plumbmg  and  gas  fitting 167.00  545.00  442.00 

12.  Heating 166.00  440.00  368.00 

13.  Electric  wiring 30.00  81.25  65.00 

14.  Stairwork..T. 37.50  166.00  125.00 

15.  Labor — general 25.00  50.00  50.00 

16.  TUework 5.50  12.00  9.90 

17.  Iron  fence  and  clothes  poles •     17.00  30.00  25.0a 

18.  Sheet  metal  work 35.00  105.00  85.00 

19.  Cabinet  work 22.70  56.00  40.00 

20.  Hardware— finish 1100  35.00  32.00 

21.  Hardware— rough 11.00  33.00  24.00 

22.  Pamting  and  glaaing 100.00  225.00  215.00 

23.Artglass 875  15.00  15.00 

24.  Range  and  connection 21 .  50  ^^92  SSS2 

25.  Qas  water  heater  and  connection 12. 00  35. 00  '26. 00 

26.  Parquetry  floor 48.60  143.75  129.60 

27.  Flue  lining  and  crocks 2.10  8.85  8.86 

28.  Gradinic— ireneral 3.15  6.65  6.30 

29.  P^l^^ng^Sd  decorating 42.76  110.00  106.88 

30.  Lighting  fixtSres 44.25  90.00  86.00 

31.  Sodding  and  seeding 2.43  4.85  4.06 

32.  Numbering  houses ;££  ^QQ  ^-^ 

$2,005.15  $6,103.64  $4,842.79 

SUMMABT 

Ground      »    500.00  $    600.00  $    600.00 

Street  improvements 68.50  1?7.07  IH'^I 

General  conditions 395.65  1. 445.55  1.036. 18 

Construction 2.003.15  6,103.64  4,842.79 

$2,969.30  $8,346.26  $6,676.04 

SaleDrice        3,200.00  8,800.00  7,200.00 

Fkst  mortgage  value 2,000.00  4,000.00  3,600.00 

S^nd SlStS^e  vSue 700.00  2,500.00  2.000.00 

Rates  for  Labor  Ubed  in  Compilinq  Estimates 

Per  hour  Per  hour  Per  hour 

1914  1920  1921 

Commonlabor $0.17H  »9-52,^  ^SK 

Carpenters 40  1.12H  100 

Carpenters' helpers 20  .60  .50 

Plasterers 50  1.25  1.25 

Plasterers' helpers 35  1.10  1.10 

Bricklayers 50  1.30  1.30 

Bricklayers' helpers 35  1.10  1.10 

Stonemasons.. 45  1.30  1.30 

Painters -40  1.00  1.00 

Roofers 40  1.10  1.10 

Roofers' helpers 26  .70  .85 

Cement  finishers 50  1.00  1.00 

Cement  laborers 20  .60  .60 

TUe  setters... 65  l.OQ  1.00 

Tile  setters' helpers 40  .80  .68?^ 

Plumbers 44  1.15  1.15 

Plumbers' helpers 20  .76  .75 

Steamfitters. 36  1.10  1. 10 

Steamfitters' helper* 24  .76  .75 
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Cost  of  Matbbial 

_        ,     .        ^                       t.  .1914  1920  1921 

Foundation  stone,  per  peroh $1.40  $4.00  $300 

Bricka,  per  M 7.00  20.00  18.00 

Cement,  per  bbl 1.55  5.25  2.63 

Rough  lumber,  per  M  ft 20.00  70.00  46.00 

Flooring,  No.  1  spruce,  per  M  f t 30. 00  80.00  '  60. 00 

Lath,  4  in.,  per  M  ft 3.00  20.00  9.50 

Builders'  lime,  per  bu .25  .70  .64 

Calcine  plaster,  per  bbl 2. 00  6. 25  6. 25 

Sand,  per  ton 1.30  2.96  2.30 

Fibre,  per  bu .25  .35  .35 

Structural  steel,  per  cwt 1 . 40  5. 75  4  00 

Tin,  per  box 8. 20  22*00  22. 50 

Felt,  per  ton 30.00  110.00  85.00 

Pitch,  per  cwt .70  2.00  2.10 

Nails,  per  keg 3.00  7.50  4.75 

Sash  cord,  per  hank .55  1 .  25  .85 

Tile  floors,  per.  sq.  ft .30  1 . 00  . 82H 

SuB-coNTBACTS  Shown  bt  Psbcsntaqk  OF  Incbbahe  (above  1914) 

1914  1920  1921 

Hardware  (finish) Unity  218  190 

Plumbing Unity  226  168 

Heating Unity  165  122 

Painting Unity  125  115 

Paperhanging Unity  157  150 

Parquet  floors Unity  195  167 

Roofing Unity  140  120 

Sheet  metal  work Unity  200  150 

Electric  wiring Unity  170  1 17 

Millwork Unity  215  121 

Plastering Unity  268  158 

Gas  ranges Unity  200  200 

Excavations Unity  143  128 

Rough  stone  foundation  walls Unity  208  170 

Face  stone  work Unity  126  90 

Mr.  Crawford  comments  on  the  above  costs  as  follows: 

In  1914  it  was  possible  to  buy  small  lots  for  dwelling  house  construction  on 
40-ft.  streets  for  about  $500.  The  price  of  the  same  lot  today  on  a  50-ft. 
street  is  a  little  bit  more.  I  say  a  50-ft.  street  because  there  has  been  a  gen- 
eral tendency  in  this  community  to  develop  on  wider  avenues,  and  the  land 
has  been  laid  out  by  the  surveyors  or  engineers  with  a  view  of  getting  not  less 
than  a  50-ft.  street,  if  possible,  so  that  it  is  diflBcult  today  to  find  a  piece  of 
land  that  is  divided  up  into  40-ft.  streets.  So  that  we  have  taken  the  same 
basic  value,  and  merely  added  the  land  that  is  added,  and  made  it  $600  for 
1920  and  $600  for  1921. 

The  next  item  that  enters  into  the  cost  of  construction  is  utilities — ^the 
drainage,  the  water  pipe,  the  curb,  the  paving — ^that  the  builder  must  pay  for. 
In  1914  they  cost  him  $68.50,  and  last  year  they  cost  him  $197.07.  This  year 
the  rates  are  the  same.  Some  folks  have  said  that  we  are  going  back  to  pre- 
war levels.  The  first  important  item  that  we  find  is  the  sales  expense  of  2 
per  cent,  advertising  1  per  cent,  and  office  expense  about  1  per  cent.  Gener- 
ally, that  is  the  total  overhead  charge  of  an  operative  builder.  Four  per  cent 
represents  his  selling  expense,  his  advertising  and  his  office  expense.  The 
next  item  is  taxes  that  amounted  in  1914  to  $11.25,  $85  last  year  and  $77.45 
this  year. 

The  next  item  is  interest.     You  will  notice  that  when  a  man  starts  in  to 
build  a  himdred  houses,  it  takes  a  lot  of  money.    He  must  go  to  a  trust  com* 
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pany  and  negotiate  a  loan,  and,  of  course,  he  must  pay  interest  on  that  loan 
until  he  repays  it  to  the  trust  company.  We  have  predicated  that  charge 
on  0  months'  interest  on  three-quarters  of  the  cost  of  the  house,  the  average 
operation  taking  anywhere  from  15  to  18  months  from  the  time  it  is  started  to 
the  time  it  is  disposed  of.  The  title  ccunpany  charges  cover  title  insurance 
and  guaranteeing  against  mechanics'  liens,  and  searches,  recording,  -and  all 
that  sort  of  thing,  which,  of  course,  are  perfectly  legitimate  charges.  The 
next  large  item  is  the  expense  of  placing  first  mortgages.  In  1914  we  bad  no 
difficulty  whatever  in  placing  a  mortgage  of  $2,000  on  a  $3,200  house  at  an 
expense  of  1  i)er  cent.  People  were  glad  to  take  those  mortgages  because  they 
were  a  very  good  investment.  In  192Q  the  conditions  had  reversed  themselves 
very  much.  It  was  necessary  to  pay  5  per  cent  in  most  cases  to  place  that 
mortgage,  so  that  the  cost  of  that  item  jumped  from  $20  to  $220.  That  con- 
dition has  been  changed  this  year,  and  we  can  place  mortgages  now  at  3  per 
cent,  so  that  there  is  nm  into  the  expense  of  building  that  house  a  charge  of 
$108.  The  next  item  is  the  expense  for  placing  second  mortgages.  In  1914 
most  of  the  building  and  loan  associations  which  took  the  mortgages  were  in 
funds,  and  there  was  no  difficulty  in  placing  that  second  mortgage  by  paying 
the  charges  of  the  attorney  who  represented  that  association,  their  solicitor, 
for  drawing  the  papers,  and  looking  after  the  settlement,  a  charge  that  gener- 
ally amounted  to  $23.  But  the  conditions  of  1920  changed  materially.  It 
was  necessary  to  pay  10  per  cent  in  1920  for  placing  second  mortgage  loans 
and  that  amounted  to  $278.  That  has  changed,  and  we  can  place  them  today 
at  5  per  cent  so  it  is  $128.  Supervision  and  so  on,  is  estimated  at  $18.  $36 
and  $36.  The  general  conditions  in  the  construction  of  the  average  small 
dwelling  house  rose  from  $395  to  $1,445,  and  now  stands  at  $1,036. 

RelatiTe  Output  and  Cost  of  Labor  in  Biiil<Ung  Trades  in  1914  and  1919. — 
John  B.  Miles  in  a  letter  published  in  Engineering  and  Contracting.  July 
28.  1920,  gives  the  following  data  which  were  obtained  from  reputable 
contractors. 

Effichsnct  of  Labor  in  Building  Trades,  Norfolk,  Va. 

1914  1919 

Production 
per  8-hr.  day 
Trade  9  doors  5  doors 

Carpenters 11  openings  6  openings 

Brick  masons 1900  800 

Plasterers 160  sq.  yds.  75*8q.  yds. 

Painters 1800  sq.  ft.  900  sq.  ft. 

Cost  Estimating  for  Reinforced  Concrete  Buildings. — Engineering  and 
Contracting,  March  27,  1918.  gives  the  following  abstract  of  a  paper  presented 
at  the  14th  convention  of  the  American  Concrete  Institute  by  Clayton  W. 
Myers. 

The  process  of  estimating  various  designs  for  comparative  cost -purposes  is 
not  nearly  as  difficult  as  may  be  supposed.  After  the  quantities  have  been 
calculated  for  the  various  designs,  imit  prices  are  fixed  and  the  total  cost  of 
the  member  estimated.  It  is  not  necessary  to  fix  absolutely  accurate  unit 
costs  to  these  quantities  in  order  to  obtain  reasonably  accurate  cost  compari- 
sons. As  long  as  the  same  imit  costs  are  used  for  similar  types  of  work  in  the 
various  designs,  the  comparative  costs  will  be  surprisingly  accurate.  In  fact, 
some  of  the  unit  costs  may  be  in  error  25  per  cent  or  30  per  cent,  and  yet  the 
resulting  costs  will  show  unquestionably  which  tjrpe  of  construction  should 
be  used.   However,  the  alert  engineer  will  soon  become  as  interested  in  having 
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his  unit  costs  in  accordance  with  current  prices  of  material  and  labor  as  he  is 
in  haying  his  design  correct. 

Concrete. — ^A  list  of  approximate  unit  prices  has  been  tabulated  here  which 
may  be  used  to  calculate  the  comparative  tosXa  of  the  principal  members  in 
a  concrete  building.  Judicious  use  ot  these  unit  costs  will  enable  the  designer 
to  incQ^rporate  in  his  design  the  most  economical  methods  and  at  the  same  time 
develop  a  keener  eye  for  economical  constructi(m.  The  following  tabulation 
is  a  detailed  estimate  of  the  cost  of  concrete  mixed  in  the  proportion  of  1:2:4. 

Concrete  (1:2:4  mix),  per  cu.  yd.: 

Cement,  IH  bbl.  at  S2  per  bbl.  at  the  job $3.33 

Sand,  H  cu.  yd.  at  $1.50  per  cu.  yd.  at  the  job .75 

Crushed  stone,  IMo  ton  at  %2  per  ton  at  the  job 2.60 

Plant,  cost  per  ou.  yd.: 

Freight  cnarges SO. 05 

Rental  of  mixer,  etc 35 

Small  purchases,  fuel  and  supplies , 45 

Labor 40 

1.25 

Labor  of  mixing  and  placing 1 .  25 

Total  cost  per  cu.  yd S9 .  18 

Total  cost  per  cu.  It .34 

Concrete  mixed  in  the  proportion- of  1 :1H  :3  will  require  about  H  bbl.  more 
cement  per  cubic  yard.  This  will  add  about  67  cts.  to  the  cost  of  1  yd.  of 
concrete  in  place,  making  the  unit  price  about  $9.85  per  cubic  yard,  or  36)4 
cts.  per  cubic  foot.  If  a  1:1:2  mix  of  concrete  is  used,  the  cement  will  be 
increased  about  1  Ho  bbl.  over  and  above  that  used  in  a  1 :2:4  mix.  At  $2  per 
barrel  this  would  make  the  cost  of  1 :1 :2  mix  concrete  about  $11.58  per  cu.  yd. 
or  43  cts.  per  cubic  foot.  In  large  plain  concrete  footings  it  is  sometimes 
advisable  to  use  a  concrete  mixed  in  the  proportion  of  1:  2H:5.  Concrete 
mixed  in  this  proportion  requires  about  Ho  bbl.  less  cement  than  1:2:4  mix. 
Figuring  cement  at  $2  per  bbl.,  concrete  mixed  in  the  proportion  of  1: 2H  '5 
works  out  at  approximately  32  cts.  per  cubic  foot  in  place. 

In  calculating  the  amount  of  materials  necessary  to  make  1  cu.  yd.  of  con- 
crete, it  has  been  assumed  that  a  cubic  yard  of  1 :1 :2  concrete  will  require  the 
same  quantity  of  sand  and  crushed  stone  as  a  cubic  yard  of  1:2:4  concrete. 
Theoretically  this  is  not  true,  but  in  general  practice  there  is^some  waste  of 
material  and  it  has  been  found  that  the  small  differences  of  aggregate  used  in 
the  various  mixes  of  concrete  in  a  building  are  negligible.    A  very  large  part 
of  the  concrete  in  a  building  is  a  1 :2 :4  concrete,  therefore,  the  aggregate  quan- 
tities of  1:2:4  mix  are  generally  used  for  all  concrete  work  and  the  cement 
alone  is  changed  for  various  mixes.    It  will  also  be  noted  that  the  quantity 
of  cement,  sand  and  stone  used  here  is  somewhat  in  excess  of  the  amount 
usually  given  in  the  tables  published  in  various  text-books.    It  must  be  borne 
in  mind  that  the  waste  of  materials  on  the  job  must  be  absorbed  and  the 
quantities  in  tables  compiled  by  laboratory  tests  must  be  somewhat  increased. 
It  is  actually  necessary  to  estimate  on  about  IH  bbl.  of  cement  to  make  1  cu. 
yd.  oi  1:2:4  concrete  on  a  job  where  the  usual  construction  methods  are 
employed  and  in  other  mixes  oi  concrete  the  cement  should  be  proportion- 
ately increased. 

The  prices  of  concrete  work  as  tabulated  here  are  about  30  per  cent  in 
excess  of  pre-war  prices  and  50  per  cent  more  than  the  prices  of  1913.  These 
costs  based  on  the  present  hig^  cost  of  material  and  labor  should  be  adjusted 
from  time  to  time  as  necessary. 
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Plant  Cost. — ^In  making  estimates  for  the  cost  of  concrete  in  piace,  the  most 
micertain  element  entering  into  this  cost  is  the  item  of  "  plant."  At  the  pres- 
ent high  cost  of  all  building  materials  and  labor,  "plant"  costs  cannot  be 
safely  assmned  to  be  less  than  SI  per  cubic  yard  and  will  very  seldom  run  as 
high  as  $2  per  cubic  yard  of  concrete.  Owing  to  this  wide  variation  in  the 
cost  of  "plant,"  it  is  necessary  in  estimating  concrete  to  strike  an  average  cost 
which,  while  not  accurate,  will  cover  the  usual  "plant"  work,  and  give  a  unit 
cost  toi  concrete  in  which  all  times  of  material  and  labor  have  been  considered. 
It  is  with  this  in  view  that  a  "  plant "  cost  of  SI. 25  per  cubic  yard  has  been  used 
in  making  up  the  unit  cost  of  concrete  in  place  as  given  in  the  foregoing 
tabulation. 

The  coat  of  steel  reinforcement  is  extlremely  erratic  in  its  fluctuation,  but  at 
present  it  may  be  assimied  at  S90  per  ton  exclusive  of  the  labor  of  bending  and 
placing.  It  will  cost  from  S6  to  S15  per  ton  to  cut,  bend  and  place  this  rein- 
forcement, SlOO  per  ton,  or  5  cts.  per  pound,  being  a  unit  price  which  may 
be  used  to  give  reasonably  close  cost  ratios.  Reinforcement  requiring  much 
bending  and  made  up  of  small  bars  should  be  figured  about  H  ct.  per  pound 
higher  than  steel  requiring  only  a  small  amount  of  bending.  Spiral  reinforce- 
ment for  columns  should  be  figured  at  an  extra  cost  of  about  K  ct.  per  pound 
over  and  above  plain  bars.  In  estimating  the  weight  of  spiral  reinforcement 
it  Should  be  remembered  that  about  7  per  cent  should  be  added  to  the  weight 
of  the  spirals  for  welding  laps.  Also,  it  will  be  necessary  to  add  about  3  lb. 
per  lin.  ft.  of  colunm  for  spacers  used  to  hold  the  spirals  in  proper  pitch. 

Forms  for  round  columns  are  usually  made  from  sheet  metal  and  in  flat  slab 
construction  it  usually  works  out  cheaper  to  use  round  interior  columns 
formed  with  this  material.  However,  the  cost  of  forming  an  interior  colunm 
26  in.  in  diameter  for  flat  slab  construction  is  about  the  same  as  forming  a 
column  20  in.  in  diameter  designed  for  the  same  purpose.  This  being  the 
case,  it  is  not  necessary  to  consider  the  difiference  in  the  cost  of  forms  due  to 
different  diameters  of  roimd  interior  columns.  It  may  be  well  to  remember 
that  it  costs  somewhat  less  to  build  an  interior  column  having  a  head  by  using 
a  steel  form  than  it  does  to  form  the  colunm  of  wood,  as  the  cost  of  forming  the 
head  in  wood  is  no  small  part  of  the  column  cost.  The  list  of  imit  prices  given 
here  covers  the  cost  of  labor  and  material  for  form  work  for  the  principal  opera- 
tions in  a  concrete  building,  and  are  tabulated  for  use  in  making  compara- 
tive estimates  for  weeding  out  the  more  expensive  design^  but  not  for  making 
actual  estimates  of  buildings  without  regard  to  conditions  and  what  not. 
While  these  costs  might  be  more  or  less  useful  in  arriving  at  the  total  cost  of 
a  concrete  building  it  should  be  remembered  that  they  are  only  approximate 
units  to  be  used  for  the  purpose  outlined. 

Square 

feet  cost 

(Surface 

measure^ 

Type  of  construction  ment) 

Forms  for  flat  slabs,  including  drop  panels SO. 09 

Slab,  beam  and  girder  construction,  slabs  to  span  not  less  than  9  ft. .  .12 

Slab,  beam  and  girder  construction,  slabs  to  span  not  less  than  7  ft. .  .13 

Slab,  beam  and  girder  construction,  slabs  to  span  not  less  than  5  ft. .  .14 

Column  forms .15 

Floor  beams  and  girders,  not  including  slabs .16 

Wall  beams 14 

Partitions  and  wall  forms .15 

Footing  and  foundation  forms .15 

Round  steel  column  forms,  including  heads,  each 15.00 
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For  making  complete  estimates,  tsrpical  dimensioiied  sketch  cross-eections 
of  the  buikiing  from  the  roof  slab  to  the  footings  should  be  made  and  the  -viroik 
of  estimating  done  from  these  sketches.  In  this  way  the  extra  column  lengths 
reqi^red  to  obtain  the  same  <dear  story  heights  will  enter  into  the  estimate. 
This  is  quite  a  factor  in  comi>aring  flat  slab  wiUi  beam  and  g^irder  desigins. 
Estimates  made  from  these  cross-sections  for  a  length  of  building  equal  to  one 
bay  only,  is  the  usual  practice.  In  tiiis  way  the  cost  per  lineal  foot  of  building 
as  well  as  the  cost  i>er  square  foot  of  Aoot  spaoe  may  be  calculated.  Compari- 
sons of  costs  made  in  this  manner  are  genuine  proofs  to  the  designer  that  he  is 
giving  the  design  proper  study  for  economy,  and  wiU  result  in  a  ccHisenratioii  of 
building  materials,  save  good  dollars  for  the  owner,  and  establish  for  the 
engineer  the  reputation  of  being  a  designer  of  econcHnical  concrete  buildings. 
Interior  Columns. — ^A  typical  interior  concrete  column  as  used  in  certain 
types  of  flat  slab  construction  is  illustrated  in  Fig.  1.  Several  comparative 
designs  have  been  made  for  this  column  using  in  each  case  standardized  formu- 
lae and  fibre  stresses.    The  cost  of  the  various  schemes  is  worked  out  in  detail 

in  Table  VI  the  unit  prices  fixed  to  the 
quantities  of  material  and  labor  being  tak^i. 
principally,  from  figures  previously  given. 

From  the  estimated  comparative  costs  in 
Table  YI  perhaps  the  most  noticeable  fact  is 
that  the  columns  using  the  1:2:4  mix  of 
concrete  are  among  the  most  expensive. 
Using  this  lean  mix  necessarily  produoee  a 
column  larger  in  diameter  which  means, 
also,  a  loss  of  valuable  floor  space.  It  will 
also  be  noticed  that  the  smallest  column 
designed  is  not  the  most  economlcaL  The 
column  which  shows  the  most  economy  in 
this  case  is  one  having  a  1:1:2  mix  and 
about  1  per  cent  of  vertical  reinforcement 
together  with  1  per  cent  of  spiral  rein- 
foroement.  Henoe,  a  rich  mix  of  concrete 
and  comparatively  small  percentages  of 
steel  reinf  (»oement  seem  to  show  the  most 
economicalre  suits  for  a  c<dumn  canying  a 
fairly  heavy  load. 
For  comparative  purposes,  the  difference  in  the  amount  of  concrete  in  the 
column  heads  may  be  neglected  as  the  top  diameter  of  the  head  usually 
remains  the  same  throughout  the  building.  The  cost  of  forming  the  column 
and  its  head  has  been  estimated  here  at  $15  each.  This  is  done  for  conve- 
nience in  arriving  at  a  total  cost  of  the  column  shaft  Ordinarily  this  cost  is 
neglected  in  making  comparative  estimates  of  interior  columns,  as  it  costs 
about  the  same  to  form  a  round  column  of  small  diameter  as  it  does  a  column 
of  larger  diameter.  Many  other  schemes  may  be  designed  for  this  particular 
column  and  the  comparative  costs  estimated.  However,  the  several  exam- 
ples, some  of  which  are  obviously  too  expensive  to  consider,  will  suffice  to 
give  the  reader  a  working  knowledge  of  the  methods  of  calculation  employed 
to  determine  the  costs  of  the  various  types  of  interior  colunms.  It  is  readily 
appreciated  that  even  though  a  larger  column  were  somewhat  cheaper  to  build, 
the  additional  floor  space  occupied  by  this  larger  column  might  be  worth 
more  to  the  owner  of  the  building  than  he  woyld  save  in  the  construction  of 


FiQ.  1.- 


-Typical  interior  column. 
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the  column.  Hence,  It  becomes  neoesBary  to  consider  tbe  value  of  this  addi- 
tional floor  space  aa  a.  iwtrt  ol  the  coat  o(  this  lorser  column.  It  la  difficult  to 
B&;  just  what  this  floor  apace  is  reall;  worth.  However,  a  satlafactory  waj  to 
deal  with  the  situation  la  to  cooalder  tbe  smallest  column  designed  aa  a  baala 
to  which  the  other  columns  ue  to  be  compared.  In  the  Illustration  this  col- 
umn la  24  in.  In  diameter.  Consider  the  area  o(  floor  space  occupied  by  a  col- 
umn equal  to  the  square  ot  the  diajoeter  at  tbe  column.  Tbe  additional  area 
occupied  by  an;  ooe  of  tbess  larger  colunma  la  equal  to  the  difference  between 
tbe  square  ol  the  diameter  of  tbe  column  in  question  and  the  square  of  the 
diameter  of  the  amalleet  column  designed.  This  additional  or  lost  floor  area 
la  priced  at  a  unit  cost  equal  to  the  apptoxUnate  miit  coat  per  square  foot  ot 
floor  space  ot  the  completed  building,  including  heating,  llghUng,  sprlnklere. 
eta  The  unit  coat  per  aq.  ft.  of  building  la  calculated  by  dividing  the  approxi- 
mate total  cost  (A  the  building  by  the  number  ot  sq,  ft.  of  Boor  space  in  the 
building,  measuiements  to  be  taken. "out  to  out"  of  the  floor  plan.    For 


Fio.  2. — TytHcal  wall  column. 

exuuple,  a  building  ZOO  ft.  X  00  ft.  and  flre  stories  high  may  cost  tlSS,000 
complete.  This  worlis  out  at  >£.T6  per  squaie  foot  and  for  gBOOat  purpoKS 
this  will  give  fairly  accurate  results  tor  the  purpoee  described  above. 

In  the  comparative  estimates  of  the  interior  column  given,  it  we  strike  out 
of  each  estimate  the  cost  of  lost  floor  space,  the  relative  cost  of  each  column 
will  remain  unchanged.  Thia  is  not  always  the  case,  and  even  in  our  exam- 
pies  It  win  be  noticed  that  tbe  columns  having  the  leaner  mixes  show  up  much 
more  favorably  when  this  item  ot  cost  Is  eicluded  from  the  total  coat  of  the 
column,  Piequently,  the  omission  ot  this  Item  will  result  in  a  transposition 
ot  the  economic  order  of  the  various  designs.  In  many  buildings  tl^e  loss  ot  a 
tew  feet  of  floor  space  is  Immalerlal,  but  In  other  cases  it  Is  ot  great  Importance, 
aa  in  ahorehouses  or  In  buildings  where  the  machinery  layout  would  be  Inter- 
fered with  by  a  larger  column.  Where  lott  buildings  or  offices  are  rented  by 
the  aquare  toot  ot  net  area  the  cost  ot  this  floor  space  abould  be  flpued  at  a 
.  conaldenbly  higher  agui«  (bui  the  one  given  la  QUI  tables. 
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Wall  Columnt. — ^In  detennining  the  economical  wall  column,  the  method 
is  very  similar  to  that  used  for  interior  colimms  except  that  the  item  of  the 
cost  of  wood  forms  enters  into  the  estimate.  It  will  be  necessary  also  in 
designing  exterior  columns  to  consider  the  width  carefully,  as  every  inch 
added  or  deducted  wiU  change  the  corresponding  dimension  of  wall  sash  a  like 
amount. 

Fig.  2  shows  a  typical  exterior  wall  column  for  a  concrete  building  h&Yin^ 
these  columns  spaced  20  ft.  apart.  Three  designs  of  this  colmnn  have  been 
compared,  and  the  respective  estimates  are  shown  w<»ked  out  in  detail  in 
Table  VII  in  an  effort  to  determine  which  one  of  the  three  designs  would  be  the 
most  economical  to  use.  Three  differmt  mixes  of  concrete  have  been  used 
and  again,  as  in  the  case  of  tt^  interior  colunm,  the  column  designed  to  use  a 
1:1:2  mix  concrete  appears  to  be  the  least  expensive  to  build.  GreneraOy 
speaking,  with  the  present  high  price  of  reinforcement,  cement  is  the  chei4)est 
reinforcement  for  a  concrete  column.  Nevertheless,  it  must  not  be  concluded 
that  a  rich  mix  should  always  be  used  in  column  construction.  The  proper 
mix  can  be  determined  only  by  making  comparative  estimates  of  sevml 
designs.  For  lack  of  space,  only  three  designs  have  been  considered  here,  but 
the  principles  are  clearly  illustrated  and  further  designs  should  be  treated  in  a 
like  manner. 

The  cost  of  each  wall  column  design  includes  the  cost  of  sash  and  glass 
together  with  the  curtain  wall  necessary  to  fill  in  one  bay.  For  convenience 
in  making  these  estimates,  it  is  assumed  the  glass  is  factory  ribbed  glass  cost- 
ing 20  cts.  per  square  foot,  including  glazing.  Steel  sash  is  estimated  here  at 
25  cts.  per  square  foot,  erected  and  pointed,  making  a  total  of  45  cts.  i)er  square 
foot  for  the  sash  and  glass  in  place.  The  curtain  wall  below  the  sash,  is  figured 
here  at  75  cts.  i>er  square  foot.  In  making  the  sketches  of  the  exterior  wall 
bay  for  estimate  purposes,  no  care  has  been  exercised  to  select  stock  sizes  of 
steel  waU  sash.  In  actual  practice,  however,  this  is  usually  of  prinie  impor- 
tance. The  cost  of  the  extra  floor  space  occupied  by  the  larger  wall  column 
has  not  been  considered  here  as  its  influence  on  these  particular  columns 
would  be  negligible. 

Concrete  Footinga.-^ln.  the  desi^  of  concrete  footings  it  often  happens  that 
it  is  difficult  to  decide  offhand  whether  a  plain  or  reinforced  concrete  footing 
should  be  used.  A  design  of  each  type  of  footing  should  be  made  and  the 
comparative  costs  calculated.  The  engineer  knowing  the  kind  of  soil  these 
footings  will  rest  upon  should  price  the  excavation  required  at  a  proper  figure- 
This  is  a  very  important  part  of  the  footing  cost,  in  fact,  many  times  the  most 
vital  part  of  the  estimate  for  foundation  work.  In  the  abs^ioe  of  any  more 
reliable  information  the  unit  costs  oi  excavation  per  cubic  yard  (not  over  5  ft. 
deep),  may  be  assumed  as  follows: 

liOam  or  other  easy  exoavation $0.75  ou*  yd. 

Gravelly  earth  containing  small  stones $1 .  00-11 .  50  cu.  yd. 

Frozen  earth 2. 25-  2. 50  cu.  yd. 

Rock  or  ledge  excavation 3. 50-  4.00  cu.  yd. 

Backfill 30-     .50ou.  yd. 

Sheeting  around  excavated  holes  for  footings.  .  10  sq.  ft. 

For  excavation  work  over  5  ft.  deep  and  down  to  10  ft.  deep,  the  imit  cost 
on  the  yardage  below  the  5-ft.  depth  should  be  increased  approximately  50 
I)er  cent.  The  unit  price  of  excavating  to  a  depth  exceeding  10  ft.  is  based  on 
the  number  of  times  the  excavated  material  must  be  refaandled  before  it  is 
finally  deposited  where  it  may  be  teamed  away  or  ^sposed  of  in  some  otber 
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manner.  An  example  is  given  in  Table  VIII  here  with  comparative  costs  for 
the  two  types  of  footings,  reinforced  and  plain,  shown  in  Fig.  3,  schemes  a  and 
b  respectively.  The  excavation  is  assmned  as  costing  %l  per  cubic  yard  to 
remove,  and  the  excavated  holes  are  sheeted  dose  in  order  to  do  away  with 
form  work  aromid  the  large  footing  block. 
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(Scheme  b). 

-Typical  concrete  footings. 


Table  VIII.— Compabativb  Ebtheatbs  fob  Footimgs 

Scheme  (a),  reinforced  type  (mix  1:2:4): 

Concrete  1:2:4 460  cu.  ft.  at  84  eta 

Forms  (none) 

Reinforcement 420  lb.  at  5  cts 

Excavation 19>4  cu.  yd.  at  $1 

Backfill  and  level 19J4  cu.  yd.  at  30  ct» 

3-in.  (dose)  sheeting 182  sq.  ft.  at  10  cts 


$156.40 

21.00 

19.25 

6.78 

18.20 

Total $220. 63 

Scheme  (b),  plain  tjrpe  (mix  1:2^:5): 

Concrete  1:2M:6 507  ou.  ft.  at  32  cts $162.24 

Forms  (top  block) 84  sq.  ft.  at  15  cts 12. 60 

Excavation 24  cu.  yd.  at  SI 24 .  00 

Excavation  below  5-ft.  mark 5H  cii.  yd.  at  S1.50 8. 25 


Backfill  and  level 29H  cu.  yd.  at  30  cts. 

3-in.  (close)  sheeting .270  sq.  ft.  at  10  cts. . . 


8.85 
27.00 


Total $242.94 

The  estimates  in  Table  III  indicate  that  the  reinforced  footing  is  the  most 
economical  to  use  in  this  case.  However,  provided  stones  or  "plmns**  were 
obtainable  at  a  small  exi)ense,  the  cost  of  the  plain  footing  could  be  consider- 
ably reduced.  It  will  be  noted  in  the  estimates  for  these  two  footings  that 
the  excavation  for  the  plain  footing  is  the  determining  factor  in  its  cost.  The 
materials  used  in  the  plain  footing  cost  somewhat  less  than  those  used  in  the 
reinforced  type,  but  the  extra  depth  of  the  excavation  makes  the  plain  type 
the  more  expensive  one  to  use.  This  extra  cost  becomes  still  greater  when  the 
footings  are  placed  in  w^t  or  frozen  groimd,  for  which  excavation  costs  are 
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coniddenblr  more.  In  case  the  relntorced  type  of  footing  la  built  with  ■ 
sloping  top,  and  s  wood  torm  la  used  lor  tbia  top,  tin  cost  would  be  about  the 
tame  an  though  the  concrete  weie  plftoed  up  to  a  level  with  the  top  ol  the  foot- 
ing, and  the  form  work  omitted,  u  above  cstlnukted.  la  aome  Dpeiatioaa  the 
top  put  of  ■  footing  la  aloped  uid  the  concrete  placed  "dr;."    Thianeceesl- 
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Fig.  4. — Tyiuiat  beam  and  ciider  fluoia. 

tates  »  change  In  the  batch,  alows  up  operatiom  and  many  tbnea  does  not 
work  out  econon^cally.  For  estimating  comparative  coata  of  footings  It  la 
not  a  sate  procedure  to  assume  thai  the  top  part  of  the  footing  will  be  placed 
"  dry  "  In  order  to  do  sway  with  fotma  ou  the  slope.  Either  estimate  a  form 
for  this  eloping  surface  or  figure  on  the  concrete  as  being  placed  up  to  a  level 
with  the  top  of  the  fooling. 

CoTuxMi  Floor .^In  the  design  of  the  beam  and  girder  type  floor,  the  oniUslon 
or  addition  of  one  Intermediate  beam  per  bay  may  Influence  Ihe  cost  materi- 
ally. Although  this  problem  ia  usually  handled  economically  by  euglneera 
designing  concrete  buildinga  wiOt^  have  usual  floor  loadings  luid  column 
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spacings,  It  sometimes  happens  that  when  imusual  floor  loadings  and  column 
spacings  are  required,  it  is  necessary  for  the  engineer  to  determine  a  layout 
which  will  show  the  most  economy.  In  a  propositi(m  of  this  kind  it  is  first 
necessary  to  make  the  design  which  looks  most  Ukely  to  be  the  economical 
one.  Then,  two  more  designs  should  be  made,  one  having  (me  more  interme- 
diate beam  and  the  other  having  one  less  intermediate  beam.  Sometimes  the 
girders  should  be  run  in  other  ways  and  designs  made  on  layouts  entirely 
dissimilar.  Cost  comparisons  made  of  these  designs  will  show  conclusively 
which  system  should  be  adopted. 

For  the  purpose  of  illustrating  the  methods  of  estimating  beam  and  girder 
floors  with  a  view  to  economy,  the  two  schemes  shown  in  Fig.  4  desig:ned  for 
the  same  colunm  spacings  and  live  loads,  are  estimated  in  Table  IX  in  a 
comparative  way.  Only  these  two  layouts  are  compared  here,  but  other 
layouts  should  be  estimated  in  a  similar  manner,  bearing  in  mind  that  the 
more  beams  and  girders  in  the  floor  the  more  expensive  the  form  work  becomes. 

In  scaling  the  quantities  for  the  comparative  estimates  of  these  two  designs, 
it  will  be  necessary  to  include  all  the  concrete  forms  and  steel  reinf orcem^it 
in  one  18-ft.  bay  for  the  full  width  of  the  building,  which  is  about  67  ft.  8  in. 
In  scheme  1  the  quantities  will  inelude  tiie  slab  over  one  complete  bay,  7 
intermediate  beams,  2  wall  beams,  and  4  girders.  In  scheme  2,  the  corre- 
sponding quantities  will  include  the  slab  over  one  complete  bay,  11  inter- 
mediate beams,  2  walls  beams  and  4  girders.  In  Table  IX  will  be  found  the 
respective  quantities  to  which  unit  prices  have  been  fixed  and  the  total  com- 
parative cost  of  one  bay  for  each  scheme  estimated. 

Table  IX. — Compabativb  Estimates  fob  Beam  and  Gibdbb  Floobs 

Estimate,  Fig.  5: 

Concrete,  825  cu.  ft.  at  34  cts $280. 50 

Forms,  1,860  sq.  ft.  at  13  cts 241 .80 

Reinforcement,  7,300  lb.  at  5  cts 365. 00 

Total $887.30 

(Unit  coat,  73  cts.  sq.  ft.  of  floor.) 
Estimate,  Fig.  6: 

Concrete,  700  cu.  ft.  at  34  cts $238.00 

Forms,  2,000  sq.  ft.  at  14  cts -; 280.00 

Reinforcement,  6,300  lb.  at  5  cts 315.00 

Total. . . .' $833.00 

(Unit  cost,  68 >^  cts.  sq.  ft.  of  floor.) 

In  "  scaling  off  "  the  quantities  for  comparative  estimates  of  beam  and  gird^ 
type  floors,  care  must  be  taken  to  carefully  consider  the  laps  in  the  reinforce- 
ment. All  steel  reinforcement  actually  occurring  in  the  slab  and  beams  should 
be  estimated.  In  taking  off  the  quantities,  also,  it  will  be  found  most  con- 
venient to  first  get  the  quantity  of  concrete,  then  the  square  feet  of  forms  and 
lastly  the  pounds  of  reinforcement.  The  order  of  seizing  for  the  form  woric 
and  reinforcement  should  be  the  same  as  that  followed  in  getting  the  quantity 
of  concrete;  that  is,  if  beams  follow  slabs  in  the  concrete  scaling,  beam  sted 
should  follow  slab  steel  in  the  reinforcement  scaling.  This  method  will 
eliminate  to  a  large  extent  the  liability  of  error,  and  also  lessen  the  work  of 
scaling  dimensions  since  the  form  areas  may  be  taken  directly  from  the  scaled 
dimensions  of  the  concrete  work. 

The  slight  changes  in  column  and  footing  design  which  might  actually  occur 
in  two  buildings  designed  with  floors  like  those  above  estimated,  have  ni^ 
been  considered  here.    However,  in  buildings  several  stories  in  height  this 
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phase  of  the  design  should  be  carefully  considered  in  conjunction  with  the 
cost  of  floor  designs  when  the  co^t  c(»nparisons  are  made.  Even  though  the 
spacing  of  columns  remains  the  same  for  all  schemes  considered,  the  different 
dead  loads  may  influence  the  cost  of  the  columns  and  footings  considerably 
and  the  different  girder  depths  may  make  it  possible  to  vary  the  overall  height 
of  the  columns  in  order  to  get  the  same  dear  head  room. 

Flat  4ab  floor  conalruetion  is  fast  replacing  the  beam  and  girder  type  of  floor, 
and  generally  speaking,  has  advantages  in  appearance  and  ecdnomy.  How- 
ever>  there  will  be  places  where  the  beam  and  girder  system  will  show  a  lower 
cost.  Where  panels  between  columns  are  square  or  nearly  so  the  flat  slab 
usually  works  to  advantage.  Where  columns  are  spaced  unequally  or  irregu- 
larly it  is  often  more  economical  to  resort  to  the  beam  and  girder  tjrpe  of 
floor.  If  the  column  spacings  may  be  laid  out  with  economy  in  view,  the 
square  bay  and  the  flat  slab  will  generally  be  selected.  However,  this  selec- 
tion should  not  always  be  made  without  a  proper  check  by  comparative  cost 
estimates.  Assume,  for  instance,  that  a  concrete  storage  building  is  required 
the  width  of  which  may  be  anjrwhere  from  55  to  65  ft.  and  sufficient  in  length 
to  give  a  certain  specified  area  of  floor  space.  The  design  is  to  be  a  flat  slab 
system  and  the  building  is  to  be  built  as  economically  as  possible.  The  engi- 
neer will  usually  make  a  design  for  a  flat  slab  system  with  the  columns  spaced 
at  distances  he  believes  will  show  economical  results.  Two  more  flat  slab 
designs  should  now  be  made  with  the  colunm  spacings  1  ft.  more  and  1  ft. 
less,  respectively.  Comparative  costs  made  on  thiese  three  designs  will  show 
the  economical  standing  of  the  various  spacings  for  the  specified  live  load,  and 
if  it  does  not  show  definitely  which  spacing  to  use  it  will  give  the  hint  as  to 
which  extreme  of  column  spacings  the  engineer  must  still  continue  to  design. 
It  will  be  necessary  to  make  typical  cross-section  designs  showing  the  column 
spacings  considered  and  then  calculate  the  comparative  costs  of  each  design 
for  a  length  of  building  equal  to  one  bay.  It  is  a  simple  matter  to  calculate  the 
required  length  of  the  building  for  each  type  of  cross  section  considered  in 
order  that  the  proper  amount  of  floor  space  be  obtained.  The  total  length 
Off  the  various  buildings  should  be  calculated  to  the  nearest  multiple  of  the 
length  of  their  respective  bays.  This  being  done  and  the  cost  of  one  bay  of 
each  type  of  buUding  being  already  calculated,  the  total  approximate  cost  of 
each  type  of  building  is  easily  found.  Adding  to  these  respective  estimates 
the  cost  of  closing  in  the  two  extreme  ends  of  the  building,  the  engineer  has  a 
very  good  idea  of  the  comparative  costs  of  the  designs  he  has  made. 

Unit  costs  of  labor  and  materials  for  all  classes  of  building  construction  are 
constantly  changing,  and  it  is  hardly  to  be  expected  that  one  whose  business  is 
not  entirely  estimating  be  kept  well  informed  of  the  many  fluctuations.  How- 
ever, the  designer  does  not  have  to  use  absolute  accurate  unit  costs  in  order 
to  determine  by  comparative  estimates,  the  relative  economic  standing  of  his 
designs.  A  review  of  the  market  conditions  from  time  to  time  in  a  general 
way  will  give  him  enough  information  to  revise  his  unit  costs  in  order  that  his 
c<»nparisons  may  show  more  accurately  the  true  status  of  his  work.  The 
prices  tabulated  and  used  throughout  this  paper,  as  before  mentioned,  are 
much  higher  than  the  prices  of  two  or  three  years  ago.  It  is  quite  possible 
that  two  years  hence  they  may  undergo  another  change  equally  great,  and 
the  engineer  must  look  out  for  this  and  act  accordingly.  Five  years  ago  the 
ratio  of  cost  of  concrete,  forms  and  steel  in  a  building  was  roughly  2:2:1. 
Today  it  is  about  2:1:1 — that  is  to  say,  five  years  ago  the  total  cost  of  the 
concrete  about  equaled  the  cost  of  the  forms,  and  the  reinforcement  equaled 


1646         HANDBOOK  OF  CONSTRUCTION  COST 

about  one-half  of  the  cost  of  either.  Today,  the  cost  of  the  concrete  in  a 
building  is  slightly  less  than  twice  the  cost  of  the  forms,  and  the  cost  of  the 
reinforcement  is  about  equal  to  the  form  cost.  It  is  quite  probable  that  fire 
years  from  now  the  ratio  may  be  again  changed. 

Items  Makiiif  up  Cost  of  Concrete  Building. — C.  £.  Patch  gives  tlie  follow- 
ing data  in  Engineering  and  Contracting,  July  28,  1920. 

Percentage     refesred    to 

Total  cost 
Structural      including 
cofit  of  sub- 

building        contracts 

Concrete 24.0  19.2 

Reinforcing 16.0  12.76 

Forma 14.6  11.8 

Ekigineering 5.5  4.50 

Cold  wfeather 6.2  4 .  25 

Doors  and  windows 5.2  4.15 

Plant 4.6  3.85 

Miscellaneous  and  extras 4.5  3.6 

Excavation 3.7  3. 05 

Carpentry 3.7  3.05 

Masonry 2.5  2.08 

Fire  main  and  roof  drains 2.3  1 . 95 

Miscellaneous  iron  and  steel 2.2  1.85 

Overhead..... 1.66  1.28 

Superintendence,  travel,  etc 1. 50  1 .  23 

Roofing  and  flashing 1 .  36  1.12 

Liability  insurance 0. 62  0. 51 

Watchman 0.54  0.45 

Clean  up  job 0.42  0.35 

Heating  and  sprinklers 69.7*  11 . 20 

Plumbing 15.3*  2.93 

Elevators 14.6*  2.86 

Electrical  work 10.4*  1.98 

*  Of  total  cost  of  equipment  sub-contracts. 

Cost  of  Reinforced  Concrete  Power  House. — John  W.  Ash  in  Engineering 
Record,  Jan.  25,  1913,  gives  the  following  cost  of  constructing  a  power  house 
in  connection  with  the  waterworks  plant  at  Dalton,  Ga.  The  floor  area  of  the 
power-house,  including  the  filter,  covers  about  4,650  sq.  ft. ;  the  walls  average 
a  little  over  20  ft.  in  height,  6  and  8  in.  thick,  with  columns  averaging  about  11 
ft.  on  centers.  A  beam  12  in.  square  runs  around  on  top  of  all  walls.  The 
concrete  mixture  was  1 :  2M  -  5. 

Tablb  X. — PowBB-HousB  Costs 

Labor  Material  Total 

Excavation,  437  cu.  yd $253.80       $    2S3.80 

Forms 677.80  $     182.50.  860.30 

Concrete,  315  cu.  yd 417.20  1,176.60       1,593.80 

Steel.  15,500  lb 93.90  316.90  410.80 

Roof  trusses 21.30  292.50  818.80 

Lumber,  floors  and  roof,  19,020  f t.  B.  M . .  104 .  60  387 .  00  491 .  60 

Wood  doors  and  windows 87.20  178.85  266.05 

Fire-doors,  302  sq.  ft 29. 50  201 .00  280.50 

Composition  roof,  5,000  sq.  ft 30.00  160.00  180.00 

Pipe  connections 25.00       25.00 

Concrete  floor.  2,340  sq.  ft 65. 10  145. 50  210.60 

Reinforced  concrete  floor,  80  sq.  ft 6 .  50  14 .  50             21 .  00 

Handling  and  placing  outfit 88. 90       88.90 

Coal,  oil.  waste,  etc 42.50             42.50 

Depreciation,  repairs *  78. 50 

Ventilators  and  granite  slab 7. 50  109. 60  117. 10 

Grand  total $5,184.26 


BUILDING  CONSTRUCTION  1647 

Cement  cost  tl.3S  per  barrel;  sand  ll.Ofi  per  ton;  stone  S1.43  per  ton. 
labor  WIS  (l.SG  and  11.50  per  d>;:  carpeateiB  S1.26  to  *3.50  per  day.  Tbe 
labor  item  in  the  aboie  table  includes  fonmien  and  superintendence.' 

Cost  o[  Can)traeCii](  ■  Ksinforcsd  Concrete  Storehouse. — Civil  S^vineer, 
E.  B.  Gaylea,  U.  8.  N..  inPubllc  Worksotthe  Nary,  June,  ISlS,  udlnEngi' 
neerlDK  arid  Contrsctlng,  Aug.  23,  1916,  gives  the  following: 

The  structure  wss  built  by  contnict  and  consists  of  a  six-story  main  build- 
ing 100  X  260  ft.  and  ol  a  onenstory  orane  r  "        ~ 


Fio,  5. — CoDcretioc  ptsat  for  storehouse. 

StraetuTol  Ftat-ara. — The  building  has  pile  foundations  designed  for  a 
loading  of  20  tons  per  pile,  penetrating  through  partly  consolidated  flliing 
and  ^uvial  deposits  to  a  fairly  flat  layer  of  eravel  and  sand  at  a  depth  of 
about  43  ft.  below  cut-off.  The  piles  were  driven  by  drop  hammers  w^hlng 
2^500  lb.  and  the  slow  rale  of  progress,  sTeraging  only  11.4  piles  pet  driver 
per  day,  gave  a  striking  Ulustratton  of  the  InefBcleDcy  of  this  antiquated 
method  of  driving. 

Tlie  concrete  piers  were  1:3:6  gravel  concrete,  chuted  into  place,  the  pile 
heads  b«ing  embedded  fl  In.  In  the  concrete. 

The  columns  vere  designed  for  the  total  dead  load  plus  75  per  cent  of  the 
live  load.  The  columns  are  square,  3  X  3  ft.  with  eight  IW-ln.  diameter 
round  rods  in  the  first  story,  dhninisMng  unilormly  at  each  story  to  12  X  12 
In.  with  four  ^-in.  diameter  round  tods  in  the  sixth  story.    At  the  first  story 
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the  longitudinal  reinforcement  is  1.5  per  cent  of  the  effective  area,  and  at  tiK 
sixth  story  2.2  per  cent.  One-fourth  inch  diameter  round  hooi)s  -were  used 
spaced  12  in.  apart;  the  percentage  of  hooping  is  as  a  result  very  small,  and 
tile  columns  were  therefore  designed  as  with  longitudinal  reinforcement  only. 

The  floors  with  the  exception  of  the  first,  which  rests  on  ground,  consist  of 
slabs  and  T  beams  and  were  designed  for  loads  varying  from  400  lbs.  per  sq. 
ft.  on  the  second  floor  to  150  lbs.  per  sq.  ft.  on  the  sixth  floor. 

Forma. — The  forms  were  made  of  tongued-and-grooved  pine;  new^  lumba 
was  provided  for  forms  for  three  stories,  and  the  same  forms  were  altered  and 
repaired  for  the  upper  two  stories  and  roof. 

Handling  Concrete. — The  concrete  was  hoisted  by  tower  and  diuted  into 
place.  Fig.  5  shows  the  arrangement  of  tower  and  chutes.  The  consistency 
was  such  that  no  spading  next  to  forms  was  required ;  in  fact,  none  was  possiUe 
on  account  of  the  presence  of  reinforcing  metal. 

External  Finish. — ^A  handsome  external  finish  was  obtained  by  applying  ft 
1 :2  grout  with  brushes,  and  rubbing  it  on  with  cork  fioats.  In  this  connection, 
it  may  be  remarked  than  an  exceptionally  fine  finish  has  been  griven  the  coo- 
Crete  work  of  the  power  plant  at  Indianhead  by  rubbing  the  surfaces  witii 
carborundum  bricks  and  then  brushing  on  grout.  This  finish  would  be  suit- 
able for  large  surfaces  of  concrete  walls  and  entirely  avoids  the  uneven 
splotched  appearance  of  ordinary  concrete  work,  and  costs  less  than  >^  ct.  per 
square  foot. 

Construction  Costa. — The  wages  paid  labor  was  as  follows: 

Per  hoar 

Bricldayers $0. 67 

Carpenters .55 

Steel  erectors .62 

Cement  finishers .50 

Plasterers .62 

Common  laborers .20 

Concrete. — The  total  cost  of  the  reinforced  concrete,  not  including  finish, 
was  as  follows: 

Labor $  0.76 

Materials 3. 08 

Reinforcement 3 .  89 

Forms 3.07 

Plant 43 

Total $11.23 

The  cost  of  1:3:6  foundation  concrete  was  as  follows: 

Labor $0. 78 

Materials 2. 65 

Reinforcement 60 

Forms 20 

Plant 43 

Total $4.66 

Materials  were  received  in  bottom  dump  wagons.  Labor  cost  indudei 
dumping  materials  into  receiving  hopper,  handling  by  bucket  conveyor  to 
bins,  mixing,  hoisting  into  tower,  chuting,  distributing  and  working  into  i^aoe, 
setting  anchor  bolts  and  colunm  dowels. 

The  concrete  of  the  first  fioor  was  handled  by  industrial  track  and  tip  can; 
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induding  placing  track,  etc.,  2,670  sq.  yd.  cost  fO.81  per  square  yard  for  labor 
and  material  for  6-in.  floor  without  cement  finish. 

Reinforcing  steel  for  6,264  cu.  yd.  reinforced  concrete  weighed  1,170,000 
lb.,  corresponding  to  an  average  throughout  the  building  of  8.2  lb.  reinforce- 
ment per  cubic  foot  of  concrete,  or  1.7  per  cent,  and  cost  $3.89  per  cubic  yard 
of  concrete,  at  the  rate  of  $0,475  per  pound  in  place. 

Forms  were  generally  used  twice.  Forms  per  5,264  cu.  yd.  reinforced  con- 
crete cost  $17,200,  or  $3.07  per  cu.  yd.  There  were  247,500  sq.  ft.  of  forms 
used  in  the  entire  building,  costing  $6,024  per  square  foot  for  labor  and  $0,045 
per  square  foot  for  materials,  total  $0,069  per  square  foot  of  forms  in  contact 
with  concrete.  Cement  cost  $1 .  10  per  barrel  net ;  sand  $0.98,  and  gravel  $1 .20, 
per  cubic  yard. 

Concrete  Plant. — This  plant  placed  7,184  cu.  yd.  concrete,  and  cost  $8,061.92 
its  estimated  salvage  value  is  $5,000,  making  the  net  cost  for  plant  $3,061.92 
or  $0.43  per  cubic  yard.  If  the  entire  cost  of  the  plant  is  charged  into  the 
.  concrete  the  cost  is  $1.13  per  cubic  yard. 

Slab  Roof. — The  concrete  roof  of  the  main  building  cost,  i)er  square  foot: 

Concrete  4  inches  thick $0. 047 

Steel  reinforcement: 026 

Forms 069 

Slag  roofing 053 

Total $0. 195 

First  Floor. — Total  cost  of  first  floor,  per  square  yard: 

Concrete  base,  6  inches  thick $0. 81 

Wood  blocks ■  1 .  17 

Pitch  and  sand .07 

Total $2.05 

Cost  of  Concrete  in  Two  Car  Houses  and  a  Substation  for  the  Chicago  City 
Railways  Co. — Engineerhig  and  Contracting,  Nov.  2, 1910,  gives  the  following: 

The  buildings  described  were  built  durhig  1908-9  in  Chicago,  111.  The 
work  was  done  according  to  the  plana  of  and  under  the  direction  of  the  Board 
of  Supervising  Engineers  Chicago  Traction,  Bion  J.  Arnold,  Chairman,  and 
George  Weston  representing  the  city.  Mr.  Harvey  B.  Fleming  represented 
on  the  Board  the  Chicago  City  Railways  Co. 

.The  general  plans  of  the  Board  of  Supervising  Engineers  csJl  for  double 
ended  car  houses  divided  into  longitudinal  bays  by  flreproof  partitions.  The 
exterior  walls  are  of  brick.  The  columns  and  walls  have  concrete  footings  and 
the  floors  are  of  concrete.  The  pits  are  open  and  have  concrete  walls  and 
floors.  Between  pits  the 'floors  are  reinforced  concrete  and  the  roof  is  rein- 
forced concrete  slab  and  girder  construction  with  skylights  along  the  center  of 
each  bay  nearly  the  whole  length. 

Sixty-Ninth  St.  and  Ashland  Avenue  Bouse. — This  car  house  was  built  dur- 
ing 1908.  It  is  485  X  265 >^  ft.,  divided  into  six  car  storage  bays  and  one 
repair  bay  by  six  longitudinal  partitions.  Each  bay  has  three  tracks  with  a 
pit  imder  each  track.  In  the  storage  bays  the  pits  are  all  288  ft.  long  and  in 
tbe  repair  bay  they  are  176  ft.  long.  The  roof  construction  is  shown  in  detail 
by  Fig.  6.  The  concrete  work  comprised  foundation  footings  and  walls, 
floors,  pits,  wells  and  floor  and  roof  slabs  and  girders.  The  cost  of  the  con- 
crete work  was  as  follows: 


r^ 
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ot  1:3:6  plain  concrete  in  tootlngB  and  foimdatlon  walls  tbe 
3IIQ8WU  Sll.lSl  or  16,30  per  cu.;d.  The  coet  ot  380  cu.  ydi. 
e  in  pit  walls,  indudlng  tona  work,  was  tS.OSe.  or  $7.9«  per 
:t  floors,  coDtaiDlns  1,287  cu.  yds,,  cost  tO.SlG  or  $7.40  per 
St  o[  pit  tloon  per  square  foot  was  13,0  cts.  There  were  also 
-ement  walk  ani)  1,180  ft.  of  curb.  The  walks  were  4H  his. 
oncrele.  with  a  J^-ln.  top  coat  of  cement  and  granite  scieen- 


JO. 179 

t.  deep  by  0  in.  thick  and  the  cost  of  1,186  Un.  ft.  or  43.9 


(0.127         •  3.44 

0.390  10.64 

(0.517         si3.es 

t.  ot  root,  including  168  girders,  of  the  construction 
ven  In  more  detail.  There  were  in  this  root  2.3SG 
e.    The  cost  ot  concrete  materials  and  labor  cod- 
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For  1,776  ft.  of  1:3:6  plain  concrete  in  footings  and  foundation  walls  the 
cost  including  forms  was  $11,181  or  $6.30  per  cu.  yd.  The  cost  of  380  cu.  yds. 
of  1:3:6  concrete  in  pit  walls,  including  form  work,  was  $3,026,  or  $7.96  per 
cu.  yd.  The  pit  floors,  containing  1,287  cu.  yds,,  cost  $9,615  or  $7.40  per 
cu.  yd.  The  cost  of  pit  floors  per  square  foot  was  13.6  cts.  There  were  also 
12,200  sq.  ft.  of  cement  walk  and  1,186  ft.  of  curb.  The  walks  were  4H  iiis. 
thick,  of  1 :2H  '^  concrete,  with  a  K-in«  top  coat  of  cement  and  granite  screen- 
ings; the  cost  was  as  follows: 

Item  Per  sq.   ft. 

Materials $0,056 

Labor 0. 123 

Total $0. 179 

The  curbing  was  2  ft.  deep  by  6  in.  thick  and  the  cost  of  1,186  lin.  ft.  or  43.9 
cu.  yds.  was: 

Item  Per  lin.  ft.    Per  cu.  ft. 

Material $0,127        $  3.44 

Labor 0.390  10.54 

Total $0,517         $13.98 

The  cost  of  89,935  sq.  ft.  of  roof,  including  168  girders,  of  the  construction 
shown  by  Fig.  6  can  be  given  in  more  detail.  There  were  in  this  roof  2,365 
cu.  yds.  of  1:2H:5  concrete.  The  cost  of  concrete  materials  and  labor  con- 
creting was  as  follows: 

Item  Per  cu.  yd. 

6,075  bbls.  cement  at  $1.21 $1.57 

1,675  cu.  yds.  sand  at  $1.60 1 .  14 

1,635  ou.  yds.  stone  at  $1.40 0. 96 

Labor  concreting 3.06 

Total $6.73 

The  cost  of  reinforcing  rods  and  labor  placing  was  as  follows: 

Item  Per  cu.  yd. 

329,900  ft.  H-in.  bar  at  1.62  cts $2.22 

14,629  ft.  M-in-  stirrup  at  1.84  cts 0. 12 

153,605  ft.  ^-in.  stirrup  at  1.75  cts 1 .  14 

Labor  on  reinforcements 1 .  18 

Total $4. 66 

The  cost  of  incidentals  and  labor  for  forms  was  as  follows: 

Item  Per  cu.  yd. 

91  M.  ft.  B.  M.  hemlock  at  $18 $0. 69 

149  M.  ft.  B.  M.  pine  at  $20 1 .26 

Spikes,  bolts  and  wire 0 .  21 

I^bor  on  forma 5 .  34 

Total $7. 50 

Summarizing  the  above  figures  and  extending  them  to  include  cost  per 
square  foot  we  have  the  following: 

Item  Per  cu.  yd.  Per  sq.  ft. 

Concrete $6.73  $0,177 

Reinforcement 4 .  66  0. 123 

Forms 7.50  0.197 

Total $18.89  $0,497 
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Archer  Ave.  cmd  Rockwell  St.  Houee. — ^The  dimensions  of  this  house  are 
309  X  490  ft.  and  it  is  divided  into  seven  bays  by  longitudinal  fireproof  walls. 
The  concrete  construction  comprises  foundation  wi^,  pits  and  roof  of  the 
design  shown  by  Fig.  6. 

The  foundation  walls  of  1:3:7  concrete  cost  for  1,953  cu.  yds.  as  follows: 

Concrete Per  cu.  yd. 

1,894.41  bbls.  cement  at  $1.22 SI .  183 

839l79  cu.  yds.  sand  at  $1.43 0. 614 

1,972.53  cu.  yds.  stone  at  $1.54 1 .  555 

Labor,  mixing  and  placing 1 .  471 

Total  concrete S4 .  823 

Forms 

Lumber SO.  321 

2  rollfl  No.  10  wire  at  $2.23 

2.000  18-in.  form  clamps  at  4^  cts 

500  26-in.  form  clamps  at  5^  cts 

125  25-in.  form  damps  at  5H  cts 0. 134 

600  keys  for  form  clamps  at  3  cts 

48  kegs  of  nails  at  $2.36 

Labor  building  and  removing 1 .  321 

Total  forms $1 .  776 

Supplies 

7.65  tons  coal  at  $4.15 

5  gals.  cyl.  oil  at  48  cts 

10  ffals.  eng.  ml  at  23  cts 

10  lbs.  lubricant  at  12  cts , . 

Total  supplies $0. 019 

Grand  total $6. 618 

The  pit  tracks  are  supported  by  cast  iron  columns  on  each  side  and  these 
columns  have  concrete  footings.  The  cost  of  these  footings  which  are  of  the 
usual  stepped  pedestal  type  was  as  follows: 

Item  Per  cu.  3rd. 

270  bbls.  cement  at  $1.22 $1 .355 

118  cu.  yds.  sand  at  $1.40 0. 694 

241  cu.  yds.  stone  at  $1.54 1 .  525 

Labor  mixing  and  placing 1 .  867 

Coal  and  oil 0.007 

Total $5,448 

The  following  was  the  cost  of  211  cu.  yds.  of  concrete  in  the  side  and  end 
walls  of  the  pits: 

Concrete  Per  cu.  yd. 

235  bbls.  cement  at  $1.22 $1 .  35 

105  cu.  yds.  sand  at  $1.43 0. 72 

209  cu.  3rds.  stone  at  $1.54 1 .  52 

Labor  mixing  and  placing 1 .  02 


Total $4.61 

Forms 

16  kess  nails  at  $2.40 $0. 18 

M  roll  wire 0.05 

Lumber 0. 51 

Labor  erecting 3 .  06 

Labor  removing 0. 57 

Total $4.37 

Grand  total $8.98 
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The  floor  work  of  the  building  comprisod  the  floors  between  tracks  f  ot  the 
end  sections  of  each  bay  not  occupied  by  the  pits;  the  floorsffor  store  room, 
shops  and  other  service  rooms;  the  pit  floors  and  the  reinforced  concrete  floors 
between  pits.  All  these  floors  except  the  reinforced  concrete  floors  between 
pits  are  the  usual  concrete  basement  floor  construction: 

End  floors  (63.630  sq.  ft.)  Per  eq.   ft. 

1,684  bbls.  cement  at  $1.22 $0.03 

744  cu.  yds.  sand  at  $1.43 0. 01 

1,190  cu.  yds.  stone  at  $1.54 0. 02 

Labor 0.06 

8.46  tons  coal  at  $4.15 0.0005 

32  tons  coke  at  $5.25 0.02 

38  loads  manure  at  $2 0. 001 

Oil 0.00006 

Total $0. 14156 

Service  floors  (11,921  sq.  ft.)  Per  sq.   ft. 

239  bbls.  cement  at  $1.22 $0. 025 

105  cu.  yds.  sand  at  $1.43 0.015 

155  cu.  yds.  stone  at  $1.54 0.015 

Labor 0.095 

1,380  cu.  yds.  cinders  at  30  cts 0.032 

1  ton  coal  at  $4.15  and  oil 0.0003 

Total $0. 1823 

Excluding  the  cost  of  cinders  we  have  a  cost  of  11.33  cts.  per  sq.  ft. 

Office  floors  (8,793  sq.  ft.)  Per  sq.  ft. 

120  bbls.  cement  at  $1.22 $0. 016 

53  cu.  yds.  sand  at  $1.43 0. 008 

107  cu.  yds.  stone  at  $1.54 0.018 

Labor 0.095 

1,010  cu.  yds.  cinders  at  30  cts 0. 035 

Coal  and  oil 0.0004 

Total  $0.1724 

Excluding  the  charge  for  cinders  we  have  a  cost  of  10.58  cts.  per  sq.  ft. 

Pit  floors  (58,559  sq.  ft) Per  sq.  ft. 

1,377  bbls.  cement  at  $1.22 $0,028 

609  cu.  yds.  sand  at  $1.43 0.014 

940  cu.  yds.  stone  at  $1.54 , 0.024 

Labor. 0.069 

6.675  tons  coal  at  $4.15 

28  tons  coke  at  $5.25 0.002 

43  loads  manure  at  $2 0. 001 

56  gals,  gasoline  at  12H  cts 

OU • 

Total $0. 1422 

Reinforced  concrete  floors  (37,048  sq.  ft.)  Per  sq.  ft. 

1,126  bbls  cement  at  $1.22 $0,037 

407  cu.  yds.  sand  at  $1.43 0.019 

822  cu.  yds.  stone  at  $1.54 0. 034 

37,048  sq.  ft.  wire  netting  at  17  cts 0.017 

Labor  on  concrete 0. 061 

Form  lumber 0. 007 

Labor  erecting  forms 0. 061 

Labor  removing  forms 0. 010 

7.05  tons  coal  at  $4.15 0.001 

18.05  tons  coke  at  $5.25. 0. 002 

23  loads  manure  at  $2 0. 001 

Oil 0.0001 

Total $0.2601 

98 
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The  roof  oooBtnictioii,  as  preyicMldy  sUted,  was  substaatially  thai  shown 
by  Fig.  1.    The  cost  of  121,  881  sq.  n.  or  2300  sq.  yds.  was  as  follows: 


Item  Per  ca.  yd. 

Concrete  materials %  4.11 

Labor  on  concrete 3. 58 

Small  e<Nicrete  blocks 0. 02 

Total  concrete $  7.71 

Form  himber  (S9.531.04-S3.321.25  salvage) S  2. 16 

Butts,  washers  and  nails 0. 15 

Labor  erecting  f<M>ma 0. 69 

Labor  removing  forms 1 .  64 

Labor  moving  forms  to  st<»age 0. 21 

Total  forms '.  S10.85 

Reinf<M>cement S  2.74 

Wire S  0.01 

4  kegs  round  rods 0. 004 

Labor  on  reinforcement 1 .  37 

Total  reinforcement S  4 .  13 

Coal S  0.02 

Cylinder  oil 0.001 

Engine  oU 0.001 

Imperial  lubricant 0. 001 

Tar  paper 0.01 

Manure 0. 008 

Total  supplies S  0.05 

Grand  total S22.74 


This  gives  a  cost  per  square  foot  of  roof  of  53.7  cts.  Neglecthig  the  salvage 
in  lumber  the  cost  is  56.42  cts.  per  sq.  ft. 

Substation, — The  substation  was  \na^t  during  the  fall  and  winter  of  1008-9. 
The  building  is  of  dark  pressed  brick  so  designed  as  to  be  an  ornament  to  the 
neighborhood  in  which  it  is  located.  The  construction  is  fireproof  throughout, 
with  tile  roof  carried  on  structural  steel  trusses. 

The  building  is  60  ft.  wide  by  120  ft.  7  ins.  long  over  all,  and  the  operating 
room  has  a  clear  height  of  32  ft.  to  the  under  side  of  the  steel  roof  trusses. 

The  concrete  work  comprises  footings  for  walis  and  piers,  building  walls, 
rotary  converter  walls,  basement  floor  and  drives,  station  floors,  partition 
walls  and  battery  shelves.  The  costs  of  these  various  items  of  work  were  ss 
follows: 


Wall  and  Pier  Footings  Per  eu.  yd. 

234  bbls.  cement  at  S1.21 S  1.32 

110  cu.  yds.  sand  at  S1.60 0.82 

197  cu.  yds.  stone  at  SI  .55 1 .  42 

Labor  placing  concrete 3. 01 

Total  concrete S  6. 57 

Form  lumber S  0. 28 

Labor  on  forms 0. 25 

Total  forms S  0. 63 

Grand  total S  7. 10 


BUILDINO  CONSTRUCTION  1555 

Building  Walls  Per  cu.  yd. 

272  bbb.  csement  at  $1.21 $  1 .46 

116  cu.  yds.  sand  at  $1.60 0.83 

187  cu.  yds.  crushed  stone  at  $1.55 1 .  28 

Labor  on  concrete 2. 08 

Total  concrete $  5. 64 

Lumber  for  forms $  1 .  48 

Nails,  etc 0. 18 

Carpenter  work  on  forms 2 .  04 

Removing  forms 0 .  63 

Total  forms $  4.38 

Miscellaneous  labor $0.24 

Grand  total $10.21 

Basement  Floor  and  Drive  Per  sq.   ft. 

353  bbls.  cement  at  $1.21 $  0.08 

146  cu.  yds.  sand  at  $1.60 0. 04 

91  cu.  yds.  stone  at  $1.55 0 .  03 

Labor  placing  concrete 0.21 

Labor  finishing  floor 0 .  05 

Total  concrete $  0.04 

170  cu.  yds.  cinders  at  25  cts $  0.008 

Manure 0 .  0019 

Miscellaneous  materials 0.012 

Carpenter  labor 0.029 

Labor  placing  cinders,  etc 0.11 

Total $  0. 165 

Grand  total $  0. 576 

Station  Floor  Per  sq.  ft. 

286  bbls.  cement  at  $1.21 '. $  0.079 

121M  cu.  yds.  sand  at  $1.60 0.045 

108  cu.  yds.  stone  at  $1.55 0.038 

Labor  placing  concrete 0 .  160 

Patching  floor 0. 008 

Total  concrete $0.33 

Lumber  for  forms $  0.045 

Beam  clips 0.007 

Bolts 0.010 

Miscellaneous 0.010 

Labor  building  forms ♦ 0. 460 

Labor  erecting  forms 0. 063 

Labor  cleaning  forms 0. 026 

Labor  removing  forms 0.065 

Total  forms $  0. 686 

Grand  total $  1.016 

The  cost  of  water-prooflog  1,040  sq.  yds.  of  foundation  wmlls,  foothigs  and 
floors  was  as  follows: 

Item  Total  Persq.  yd. 

177  rolls  felt  at  $1.30 $230.10  $0,221 

39  bbls.  tar  at  $3. 80 128.70  0.123 

Mops,  etc 16.87  0.016 

Labor 359.90  0.346 


Total $  735. 57  $  0.706 

None  of  the  above  costs  include  engineering,  superintendence  or  overtiead 
charges. 
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Labor  rates  were  the  union  wage  for  1008,  which  ran  about  as  follows  per 
hour:  Enginemen,  70  cts.;  carpenters,  60  cts. ;  finishers,  56yi  cts.,  and  common 
labor,  37  H  cts. 

Perhaps  the  most  interesting  of  the  various  costs  given  are  tbose  of  roof 
work.  The  character  of  this  work  is  indicated  clearly  by  the  drawings  of 
Fig.  6.  In  one  case  the  unit  cost  was  $18.89  per  cu.  yd.  and  in  the  other  case 
$22.74  per  cu.  yd.,  and  of  the  total  cost  about  70  per  cent  and  50  per  cent, 
respectively,  and  chargeable  to  form  work. 

Labor  Cost  of  Placing  Concrete  with  Tower  and  Chutes. — W,  D.  Jones  in 
Engineering  and  Contracting.  Dec.  27,  1916,  gives  the  following: 

The  work  consisted  in  building  a  six  story  and  basement  warehouse  for  the 
Harbor  Commission  of  Los  Angeles.  The  structure  was  152  ft.  wide  and  484 
ft.  long.  The  basement  was  7  ft.  9  in.  high,  first  story,  14  ft.  6  in.  hi^h  and 
upper  stories  10  ft.  high.  All  materials  were  furnished  by  the  city  f.  o.  b. 
cars  at  building  site,  and  contractor  was  required  to  unload,  sort  and  shelter 
these  in  a  building  provided  by  the  city  and  be  responsible  for  their  incorpora- 
tion in  the  structure  in  good  condition. 

In  the  call  for  bids  the  approximate  quantities  were  given  as  follows. 
Opposite  each  of  these  approximate  quantities  is  set  the  imit  price  bid  for  the 
performance  of  this  work. 

27,000    cu.  yds.  of  concrete  in  place $        3. 25  ou.  yd. 

1 ,  290  tons  of  reinforcing  steel  m  place 12 .  05  tn. 

75  tons  of  structural  steel  in  place 11 .  20  tn. 

476,000  sq.  ft.  floor  finish 0. 01^  aq.  ft. 

Excavating,  grading  and  cleaning  up 4 ,098 .  00  luznp  sum 

Concrete. — The  materials  used  for  concrete  Portland  cement,  sand  and 
gravel,  the  latter  from  K  hi.  to  1  in.  in  size,  in  order  to  work  readily  throu^ 
the  reinforcement,  etc.  The  most  of  the  concrete  was  a  1 :2:4  mixture,  thou^ 
some  columns  in  the  lower  floors  were  of  a  richer  mixture  in  order  to  reduce 
the  size. 

For  the  concrete  pouring  two  Insley  steel  towers  160  ft.  high  were  placed  on 
one  side  of  the  building  and  were  provided  with  hoisting  buckets  of  24  cu.  ft. 
capacity  water  measure.  These  were  hoisted  by  50  h.  p.  Crocker- Wheeler 
motor  driven  hoists  with  a  line  speed  of  150  ft.  per  minute  when  pouring  the 
lower  floors,  but  when  upper  floors  were  reached  it  was  found  expedient  to 
increase  the  speed  of  the  hoisting  buckets  in  order  that  the  mixer  not  be  forced 
to  wait  on  the  hoist.  This  was  accomplished  by  rigging  hoisting  lines  in  such 
a  manner  as  to  connect  directly  to  hoisting  bucket  with  a  single  line  instead 
of  passing  the  line  through  a  pulley  on  a  bucket  and  fastening  the  end  in  the 
top  of  the  tower.  This  worked  a  hardship  on  the  hoist,  especially  the  friction 
blocks,  but  these  were  watched  dosely  and  renewed  often  and  no  serious 
consequences  were  encountered. 

Each  tower  was  equipped  with  a  Bremer  mixer  having  a  capacity  of  32  cu. 
ft.  of  loose  material,  a  hoisting  bucket  of  22  cu.  ft.  capacity  and  a  50-ft.  boom 
supporting  100  ft.  of  gravity  spout.  One  extra  piece  of  spout  50  ft.  long  and 
one  about  20  ft.  long  were  also  provided  and  used  at  each  plant  when  that 
plant  was  working. 

On  either  side  of  the  mixer  was  placed  a  rock  bin  and  a  sand  bin  each  holding 
about  4  carloads  of  material  and  dumping  directly  by  gravity  into  measuring 
bins  which  in  turn  dumped  by  gravity  into  mixer  charging  hopper.  Directly 
over  the  charging  hopper  and  between  the  sand  and  gravel  bins  was  placed 
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a  cement  bin.  Into  this  the  cement  was  dumped  from  sacks  and  passed  by 
g^ravity  through  measuring  bins  as  in  case  of  sand  and  gravel,  to  the  mixer. 
This  method  of  handling  the  cement  was  not  found  to  be  as  cheap  as  the  old 
method  of  loading  the  mixer  by  cheap  labor  and  was  consequently  later  aban^ 
doned.  There  is  no  reason,  however,  that  it  should  not  have  been  successful 
liad  it  been  properly  operated. 

The  sand  and  gravel  bins,  as  well  as  the  cement  bin.  when  it  was  used,  were 
loaded  with  an  industrial  traveling  crane  equipped  with  a  l^-cu-  J^-  bucket. 

The  floor  finish  consisted  of  equal  parts  of  cement,,  sand  and  fine  crushed 
rock  ti^en  from  the  ledge  and  was  put  on  the  base  before  this  was  thoroughly 
set.  This  necessitated  several  changes  of  system  at  the  mixer  during  the 
day  but  by  a  systematic  arrangement  of  the  necessary  materials  the  changes 
were  made  with  hardly  a  perceptible  interruption  and  the  system  of  pouring 
top  and  base  practically  as  one  monolithic  mass  worked  out  as  cheaply,  if 
not  cheaper,  than  the  system  of  pouring  for  a  day  or  for  a  day  and  a  half  and 
then  topping  this  out. 

A  fair  day's  work  with  the  above  concrete  plant  on  slabs  was  about  300  cu. 
yd.  and  on  walls  and  columns  was  about  200  yd.  This  varied  of  course  a  great 
deal  with  conditions.  In  pouring  walls  and  coliunns  it  was  found  expedient 
to  run  concrete  with  gravity  plant  to  a  hopper  centrally  located  with  reference 
to  the  day's  work  and  distribute  from  this  with  carts.  On  slab  poiuing,  how- 
ever, the  gravity  chute  was  used  to  pour  the  concrete  directly  into  place  and 
very  good  results  obtained.  The  gravity  system  was  also  used  to  spout  the 
floor  finish  to  place. 

Costs. — The  actual  pouring  costs  observed  on  seveial  different  occasions 
including  labor  only  and  taking  materials  from  bins  by  gravity,  measuring, 
mixing  and  placing  were  as  follows: 

On  slab 30  ots.  per  cu.  yd. 

On  wails 39  cts.  per  cu.  yd. 

Scf^e  of  wages  was  as  follows: 

Foremen,  $6;  sub  foreman,  $4;  steel  men,  $2.25;  steel  men,  $3;  carpenters, 
$3;  laborers,  $2.25;  laborers,  $2. 

Cost  of  Placing  Concrete  and  Installing  Equipment. — In  planning  for  the 
construction  of  the  Austin  Nichols  Building,  Brooldyn,  N.  Y.,  according  to  a 
paper  by  T.  Arthur  Smith  before  the  American  Concrete  Institute,  the  method 
for  placing  concrete  was  carefully  considered  by  the  Turner  Ck>nstruction  Co. 
who  executed  the  general  contract.  The  following  is  taken  from  an  abstract 
of  Mr.  Smith's  paper  published  in  Engineering  and  Contracting,  March  31, 
1916.  , 

The  building  is  439  ft.  UK  ins.  by  178  ft.  8  ins.,  and  is  6  stories  high  with 
basement,  and  required  about  19,620  cu.  yds.  of  concrete. 

Records  of  the  cost  of  wheeling  concrete  on  similar  buildings  showed  that 
its  cost  did  not  exceed  9  cts.  per  cubic  yard,  cost  being  based  on  labor  at  37H 
cts.  per  hour.  Assuming  that,  of  the  total  19,620  cu.  yds.  of  concrete  to  be 
placed.  16,000  cu.  yds.  could  be  placed  by  spouting,  the  cost  of  wheeling  would 
be  $0.09  X  16,000  »  $1,440.  Hence  $1,440  would  have  to  cover  both  the 
cost  of  installing  two  spouting  outfits  and  the  following  additional  installa- 
tions incidental  to  placing  concrete  in  this  manner:  raising  tower  additional 
height;  guying  tower;  and  moving  spouts. 

This  analysis  showed  conclusively  that,  for  this  building,  the  cost  of  the 
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■pouUnc  equlpmenta  ^ua  the  lulclltlonal  Installation  cost,  would  materiaUj    I 
aioeed  the  cost  ol  idieeUng  concrete.  ' 

Unlnadine  and  Coneretiat  E^utpnml. — The  layout  oI  the  uDloBding  derrick, 
Btonise  biUB,  craicrete  nklxers  and  hoists  Is  showo  in  Fig.  7.  Sand  and  giavd 
were  dellvefed  alonsBide  the  bulkhead,  adjacent  to  the  storage  bins,  on  scon 
—  about  100  cu.  yds.  capacity.  A  derrick  equipped  with  a  clun-alieU  budiet 
ol  IM  cu.  yds.  c^Mdty  unloaded  the  contents  of  these  soows  Into  stonge 
bins  holdiitg  100  cu.  yds,  ot  sand  and  200  cu.  yds.  ol  gravel. 

The  derrick  was  operated  by  a  Meade-Morrison  ttaiee-druia  standard 
holBting  enftne  haTinx  9  X  10-ln.  cylinders  and  a  rated  capacity  ot  35  h.p. 
For  awingtng  the  derrick  a  separate  engine  was  Installed,  Power  was  suppUed 
by  a  SO-h.  p.  horizontal  bolkr. 


Nieiiola  B^d5«.       ""  '°* 


The  sand  and  grave]  were  discharged  from  the  bins  through  "Ransome" 
gates,  into  "' V"  bottom,  two-way  dump  cars  (or  delivery  to  the  mliera,  Earfi 
car  was  loaded  with  12  cu.  ft.  of  aajid  and  24  cu.  ft.  of  gravel,  a  steel  partition 
separating  these  materials. 

One  cu  was  used  to  convey  the  materials  to  mlfer  No.  1,  and  was  pusbed 
by  band  from  the  storage  bin  to  the  miier.  For  charging  mlier  No.  2  a  2-fl. 
d-ln.  gage  double  track  was  laid  from  the  bin  to  the  mixer,  on  which  two  can 
were  operated,  one  on  each  track.  These  tracks  were  laid  on  the  first  Soar, 
which,  in  Older  to  follow  the  grade  of  North  Third  at,,  sloped  down  S  ft.  froni 
Kent  Ave.  to  the  river.  A  double-drum,  motor-driven  "Udgerwood"  luM 
pulled  the  cars  from  the  bin  to  the  mlier.  These  can  were  connected  hj  > 
ttdl  line  operating  around  a  sheave  at  the  bin,  so  that  the  loaded  car  pM 
toward  the  miier  would  pull  back  the  empty  car  to  the  bin. 

Owing  to  the  limited  bulkhead  space  at  the  buildhig  It  was  necesasrr  lo 
dodc  the  ennent  lighters  one  Clock  aw^  and  to  truck  the  centait  to  d> 


BUILDING  CONSTRUCTION  1569 

building.  The  cement  was  stored  adjacent  to  each  mixer,  six  bags  being  used 
in  each  batch. 

Two  1-cu.  yd.  "Ransome"  mixers  were  installed  in  the  locations  shown  in 
Fig.  7.  Each  mixer  discharged  into  a  1-cu.  yd.  "  Ransome  "  bucket,  which  was 
hoisted  by  a  single-drum  "Lidgerwood"  hoist.  Power  for  the  operation  of 
each  concrete  plant  was  furnished  by  a  75-h.  p.  motor.  The  concrete  was 
dumped  from  the  bucket  into  a  2-cu.  yd.  box  on  each  floor,  from  which  it  was 
wheeled  in  carts. 

The  derrick  used  was  capable  of  unloading  700  cu.  yds.  of  material  per  day 
of  eight  hours.  The  average  capacity  of  each  concrete  plant  was  45  cu.  yds. 
of  concrete  per  hour.  The  largest  quantity  oi  concrete  placed  in  one  day  of 
8K  hours  was  640  cu.  yds.  In  62  working  days,.  17,510  cu.  yds.  were  placed 
an  average  daily  output  of  282  cu.  yds. 

The  efficiency  of  the  equipment  for  conveying  materials  from  the  bins  to  the 
mixer  was  demonstrated  when,  due  to  a  slight  breakdown,  the  derrick  was 
idle  for  one  day.  In  order  to  keep  one  mixing  plant  in  operation,  the  sand 
and  gravel  were  wheeled  from  emergency  storage  piles  on  North  Third  St. 
Charging  one  mixer  in  this  manner  required  22  additional  men,  and  reduced 
the  output  of  the  plant  to  about  30  cu.  yds.  per  hour. 

In  order  not  to  delay  the  progress  of  the  work  it  was  necessary  that  the  rein- 
forcing steel  be  placed  immediately  after  the  completion  of  the  forms.  This 
required  that  work  in  the  steel  yard  be  so  systematized  that  the  bending  and 
fabrication  of  steel  would  be  sufficiently  in  advance  of  requirements  to  prevent 
any  delay  in  the  work. 

Beam  and  girder  bars  were  bent  in  the  "  Wilson"  bender  at  an  average  rate 
of  125  per  hour,  while  the  capacity  of  the  "  Wilson"  stirrup  bender  was  4,000 
stirrups  per  day. 

The  total  labor  cost  for  installing  all  equipment  used  in  the  erection  of  the 
building  was  20  cts.  per  cubic  yard  of  concrete.  It  must  be  borne  in  mind, 
however,  that  this  cost  does  not  cover  any  charge  either  for  materials  or  for 
tt»e  use  of  plant,  depreciation  or  interest  on  equipment  investment. 

Cost  of  Mixing  and  Placing  Concrete  by  Hand. — Concrete  mixed  and  placed 
by  hand  in  a  6-in.  wall,  with  experienced  labor,  in  Riverside,  Cal..  during  1909 
cost  $1.19  per  cu.  yd.  An  itemized  account  of  the  cost  of  the  work  is  given 
by  C.  W.  Gaylord  in  *'  Cement  and  Engineering  News."  The  crew  was  as 
follows: 

1  foreman  at  $ 3  per  day $3. 00 

2  men  at  $  2.25  per  day 4 .  50 

8  men  at  $2  per  day 16. 00 

Total $23. 50 

This  crew  averaged  12  batches  per  9-hour  day.  each  batch  containing  1.7 
cu.  yds.,  or  20.4  cu.  yds.  per  day.  This  amount  induded  84  sacks  of  cement, 
9.8  cu.  yds.  of  sand  and  19.6  cu.  yds.  of  IH-in-  stone.  This  is  over  2  cu.  yds. 
per  man  per  day  and  is  above  the  average.    The  work  was  divided  as  follows: 

Per  cu.  yd. 
Loading  on  wheelbarrows: 

Sand,  0.46  cu.  yds.  at  10  cts $0.05 

Stone,  0.92  cu.  yds.  at  15  cts 0. 14 

Total $0. 19 
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Per  cu.  yd. 

Wheeling  to  mixing  board  and  dumping  in  meaBuring  box: 

Cement  (all  handling) ^ SO.  04 

Sand,  average  haul  30  ft 0 .  02 

Stone,  average  haul  60  ft 0 .  05 

,    Total SO.  11 

Mixing: 

Sand  and  cement  (2  turnings) SO. 12 

Mortar  and  stone  (3  turnings) .27 

Total SO .  39 

Loading  into  wheelbarrows SO .  17 

Wheeling  to  place  (av.  haul  56  ft.) 0 .  06 

Dumping,  spreading  and  ramming O.ll 

Supervision  (H  foreman's  time) 0 .  10 

Care  for  water 0. 02 

Total , -i $0.46 

Grand  total •     1 .  15 

Adding  cost  of  mixing  boards  and  divided  by  number  of  yards  mixed  with, 
each  board  gives:  16  X  16  ft.  boards  500  ft.  B.  M.  at  $40  per  M.  divided  by 
500  equals  $0.04.    Adding  this  we  get  a  total  cost  of  $1.19. 

Cost  of  Stucco  Finish  for  Concrete  House  (Engineering  and  Contractingr. 
Sept.  25,  1918.) — Data  on  the  stucco  finish  for  the  walls  of  a  concrete  house 
built  in  1917  in  Darien.  Conn.,  are  given  as  follows  by  M.  D.  Morrill  in 
Concrete: 

The  stucco  finish  was  put  on  in  a  single  coat  about  ^  in.  thick,  applied 
with  a  plasterer's  trowel.  The  walls  were  not  wet  down,  but  all  dry  dust  was 
removed.  The  wall  surface  was  left  smooth  by  the  steel  forms,  and  it  was  at 
first  questioned  if  there  was  not  danger  that  this  thin  coat  of  stucco  would 
eventually  peel  off.  Experience,  however,  seems  to  prove  the  contrary,  and 
on  a  considerable  number  of  buildings  finished  in  this  way  six  years  ago  there 
is  no  sign  of  the  separation  of  the  stucco.  It  appears  to  be  a  permanent  as 
well  as  a  rather  inexpensive  way  to  finish  these  steel  molded  concrete  walls. 
After  this  stucco  was  troweled  on  and  had  been  allowed  to  stand  a  few  minutes, 
the  surface  was  gone  over  lightly  with  a  cork  float.  A  little  water  was  thrown 
on  with  a  brush,  as  needed,  while  the  siuiace  was  being  floated. 

In  order  to  get  at  the  exact  cost  of  this  wall  finish,  the  time  and  material 
used  on  finishing  a  surface  of  142  sq.  yds.  was  kept,  no  allowance  being  made 
for  openings. 

Labob  and  Material,  142  Sq.  Yd.  of  Stucco 

day,  3  masons,  at  $4.80  for  8  hours $7 .  20 

day,  2  helpers,  at  $3.00  for  8  hours 3. 00 

day,  2  carpenters,  at  $4.60.  scaffolding 4 .  50 

Total  labor $14 .  70 

2  bbls.  cement  at  $1.92 $3. 82 

1  yd.  sifted  sand  at  $3.00 3. 00 

Total  materials $  6. 82 

Total $21 .  52 

The  total  cost  of  finishing  these  walls  was  thus  between  15  cts.  and  16  cts.  per 
square  yard. 

Relative  Cost  of  Different  Slab  Designs. — The  following  studies  relate  to 
different  systems  proposed  for  the  fioors  of  the  buildings  of  the  Massachusetts 
Institute  of  Technology,  as  abstracted  in  Engineering  and  Contracting.  June 
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9,  1915,  from  a  paper  by  Sanford  E.  Thompson  presented  before  the  annual 
meeting  (1916)  of  the  American  Concrete  Institute.  The  long-span  concrete 
slab  construction  proved  most  economical,  when  the  total  cost  of  concrete, 
steel,  and  making  of  forms  was  considered.  Designs  and  estimates  were  made 
for  the  following  cases: 

Case  I.  Panel  with  no  intermediate  beam;  slab  15  ft.  6  ins.,  solid  concrete 
construction. 

Case  II.    Panel  with  one  intermediate  beam;  slab  7  ft.  9  ins. 

Case  III.    Panel  with  no  intermediate  beam;  slab  15  ft.  6  ins.,  wfth  tile. 

In  Table  XI  there  is  summed  up  the  relative  costs  for  the  three  cases.  It  is 
evident  that  the  cost  of  forms  is  the  important  factor,  completely  upsetting 
the  conclusions  that  would  be  drawn  from  the  relative  costs  of  materials  actu- 
ally used  in  the  slab. 

Economics  of  Concrete  Columns  (Engineering  and  Contracting,  June  19, 
1912). — ^Leonard  C.  Wason,  President  of  the  Aberthaw  Construction  Co., 
Boston,  states  that  in  one  case  the  saving  of  concrete  by  reducing  the  size  of 
columns  on  successive  floors  was  $2.30  per  column.  On  the  other  hand,  the 
increase  in  form  cost  was  $5.70  per  column,  entailing  a  loss  of  $3.40  per  column. 
This  is  a  very  good  example  of  why  it  is  cheaper  to  use  the  same  size  columns 
on  successive  floors  than  to  reduce  the  dimensions.  To  avoid  f  re  uent  dianges 
in  column  sizes  the  column  reinforcement  may  be  varied  in  successive  stories. 

Unit  Costs  of  a  Brick  and  Concrete  Building  (Engineering  and  Contracting, 
Nov.  16, 1910). — The  Sanitarium  at  Battle  Creek,  Mich.,  was  built  in  1902  at  a 
cost  of  about  $1,000,000.  It  is  a  flreproof  building  with  brick  walls  and  rein- 
forced concrete  floors.  The  building  is  600  ft.  long  and  400  ft.  deep.  It  is 
seven  stc^ies  high  at  one  end,  but  the  slope  of  the  ground  makes  it  only  six 
stories  at  the  other  end.  The  accompanying  tables  of  costs  were  furnished 
by  John  McMichael,  who  did  the  work  on  a  percentage  basis. 

The  material  for  construction  was  hauled  in  wagons  from  switch  tracks 
about  four  blocks  distant.    Teams  for  this  purpose  were  hired  at  $4  per  day. 

The  following  table  gives  the  cost  per  cubic  yard  of  concrete  footings. 
The  concrete  was  mixed  by  hand  on  a  board  which  was  shifted  along  to  save 
wheeling  of  the  mixed  concrete.  The  sand  and  gravel  was  bought  by  the 
load,  mixed,  and  was  dumped  at  various  points  convement  to  the  board. 

Per  cu.  yd. 
Materials: 

Cement,  1.1  bbls $1 .40 

Gravel  and  sand 0 .  07K 

Gravel  and  sand  hauling ^ 0 .  50 

Total  materials $1 .  975 

Labor: 

Carpenters $0.18 

Common  labor 0 .  68 

Total  cost  of  labor $0. 86 

Total  cost  of  labor  and  material $2 .  83>^ 

This  does  not  include  superintendence.  Carpenters  received  35  cts.  per 
hour  and  laborers  20  cts. 

Riibble  Stone  Masonry. — The  foundation  walls  were  laid  up  with  boulder 
stones  taken  from  the  old  buildings.  These  are  much  harder  to  lay  in  founda^ 
tion  walls  than  any  other  class  of  stone  masonry.  The  item  $6.42  is  the  cost 
of  wrecking  the  foimdations  of  the  old  buildings  to  get  the  stone  from  them. 
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The  costs  are  given  per  cord  of  masonry  in  place.     One  cord  is  equal  to  lOO 
cu.  ft.  as  here  considered. 

Materials: 

Stone S  6.42 

Sand 0. 57>^ 

Cement,  IMe  bbls 2.25 

Total  material S  9 .  245 

Labor: 

Masona %  1 .  82H 

Common 3.04 

Total  labor $  4. 865 

Total  labor  and  material S14 .  11 

Masons  received  40  cts.  per  hour  and  laborers  20  cts.  The  amount  of  stone 
laid  per  mason  per  8  hours  was  1^  cords. 

Brick  Work. — The  total  amount  of  brick  in  the  building  is  about  5,250,000, 
of  which  about  1,250,000  are  pressed  brick  used  for  the  exterior  and  for  trim- 
mings. About  60  bricklayers  were  employed  during  the  main  part  of  the 
work.  Three  of  the  Thomas  Elevator  Co.'s  double  brick  hoists  were  used  for 
elevating  brick  and  mortar.  The  costs  given  are  per  thousand  of  brick  laid. 
The  number  of  common  brick  laid  per  8-hour  day  per  man  was  2,400. 

Materials :  Per  M  brick 

'  Common  brick  f.  o.  b.  Chicago $  4. 00 

Freight 2.  68 

Hauling 0. 78 

Sand 0. 573^ 

Lime  (4  bu.) 1 .  06 

HauUng  lime 0.16 

Total  materials $  9 .  25}i 

Labor: 

Masons $  1 .  65 

Common  labor 1 .  82 

Total  labor $  3.47 

Total  labor  and  material $12 .  72K 

Masons  received  50  cts.  per  hour  and  common  labor  20  cts. 

Shawnee  Buff  Pressed  Brick  were  used  for  the  exterior.  The  number  of 
pressed  brick  laid  by  each  mason  per  8-hour  day  was  480.  The  cost  of  pressed 
brick  work  was  as  follows: 

Materials:  Per    M   brick 

Pressed  brick  per  M  f  .o.b , $11 .  00 

Freight 5.50 

Hauling 0.95 

Sand 0. 57J 

Lime  (3  bu.) 0.91i 

Mortar  color  (buflf) 1 .82 

Cement 0.45 

Bonds  (wire  cloth) 0 .  57 

Total  material  per  M $21.78 

Labor: 

Masons.. $  9.43 

Common 6.40 

Total  labor $15.83 

Total  labor  and  material $37. 61 
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Masons  for  pressed  brick  work  leoeived  55  cis.  per  hour  and  common 
laborers  20  cts. 

For  trimmings,  Gray  pressed  brick  were  used.  The  cost  of  this  work  was  as 
follows: 

Material:  Per  M  brick 

Coet  of  gray  pressed  brick  f.o.b $14.00 

Freight 6. 60 

HauUng 0. 96 

Sand 0.57H 

Lime  (3  bu.) 0.91H 

Cement : 0.46 

Mortar  color  (lampblack) 0. 18 

Bonds  (wire  cloth) , 0. 86 


Total  material $24. 42 

Lab^n*: 

Masons $  9.46 

Common 6.41 


Total  Ubor $16.86 


Total  labor  and  material  per  M . . .,. $40. 28 
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^^— Reinforced  Concrete  Footings. 
(b>  Holf  Crose  Section      <c)  Half  South  Elevation 

Fzo.  8. — Floor  plan,  half  cross  section  and  half  south  elevation  of  car  storage 
house  of  Omaha  &  Council  Blu£Fs  Street  Railway  Co. 


Tlie  time  required  for  executing  the  entire  work  was  about  six  months. 

Costs  of  a  Reinforced  Conerete  and  Brick  Car  Storage  House. — W.  L. 
Fulton  in  Engineering  and  Contracting,  July  14,  1916,  gives  following: 

The  structure,  an  ext^asion  of  the  existing  car  house,  was  built  to  provide 
additional  storage  space  required  by  the  Council  Bluffs  lines.    The  outside 
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dimensions  of  the  building  are  101  ft.  6  ins.  by  250  ft.    The  oflloes.  lobbies, 
dub  rooms,  repair  pit,  etc.,  were  provided  for  in  the  original  building. 

Brick  and  reinforced  concrete  were  adopted  as  materials  of  constructiafi. 
As  the  building  was  to  be  used  only  for  the  storage  of  cars,  and  therefore  ibe 
usual  clear  space  between  cars  not  required,  a  row  of  columns  was  placed  in 
each  space  between  tracks,  the  resulting  short  spans  eflFecting  a  considerable 
saving  in  cost.  Fig.  8  gives  the  general  dimensions  and  indicates  the  type  of 
construction  used. 

Excavation, — The  earth  excavated  from  the  footing  trenches  and  pits  was 
either  back-filled  or  was  distributed  over  the  surface  of  the  ground;  no  earth 
was  hauled  away.  The  total  amount  excavated  was  233  cu.  yds.,  and  the 
total  cost  was  $51.70,  or  22.2  cts.  per  cubic  yard.  Laborers  were  i>aid  20  cts. 
per  hour. 

Hauling  MateriaU. — ^The  cars  of  building  materials  were  set  on  a  steam  rail- 
way siding  about  ^  mile  from  the  building  site.  Materials  were  hauled  to 
the  site  in  flat-bottom  wagons  ot  about  1-cu.  yd.  capacity.  The  teams  stood 
idle  while  wagons  were  being  loaded  and  unloaded,  and  the  drivers  b^ped  in 
loading  and  unloading.  At  the  building,  the  sand  and  stone  were  dumped  on 
the  ground,  the  brick  was  piled,  and  the  cement  was  carried  by  hand  into  the 
storage  shed.  Table  XII  gives  unit  costs  of  hauling,  the  quantities  of  mate- 
rials being  as  follows:  Stone,  393  cu.  yds. ;  sand,  124  cu.  yds. ;  brick,  36,000,  and 
cement,  470  bbls. 

Table  XII. — Umr  Ck>8T8  or  Hauung  Matbbials 

Rate  per 
Item  hour  Stone         Sand         Brick       Cement 

Driver  and  team 10.40         10.18         10.20        90.61         SO. 03 

Labor 0.20  0.05  0.03  0.33  O.02 

Totals $0.23         10.23         10.94         $0.05 

Laying  Brick. — The  walls  were  13  ins.  thick.  The  pilasters,  which  were  0  X 
26  ins.,  were  built  as  indicated  on  the  floor  plan.  Common  brick,  laid  in 
mortar  composed  of  "Carney's"  bricklayers'  cement  and  sand  (mixed  1:2), 
was  used.  The  mortar  was  mixed  by  machine,  and  the  brick  and  mcHtar. 
were  conveyed  to  the  masons  in  wheelbarrows.  The  costs  given  in  Table  XIII 
cover  the  laying  of  42,700  bricks. 

Table  XIII. — Unit  Cown  ov  Laying  Bbick 

Rate  Cost 

Item  per  hour  per  M 

Foreman $0.76  $0.97 

Building  scaflFolds 0. 25  0. 36 

Masons 0.675  4.28 

Masons' tenders 0.225  0.92 

Mortar  mixer 0. 225  0. 26 

Totals ". .  $6.79 

Form  Building  and  Demolition. — (a)  Forma  for  Walla  Below  Orade. — The 
total  length  of  these  walls  was  600  ft.  and  their  height  4  ft.  6  ins.  Pilasters 
9  X  26  ins.  were  built,  as  indicated. 

The  forms  were  built  in  sections  and  were  used  three  times.  They  con- 
tained 5,000  ft.  B.  M.  of  lumber.  The  forms  for  the  pilasters  were  made  of  1- 
in.  lumber,  and  the  remainder  of  these  fonns  was  built  of  2-in.  lumber,  deated 
together  into  sections. 
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The  unit  costs  of  the  forms  for  walls  below  grade  are  given  in  Table  XIV. 

Table  XIV. — Cost  Data  on  Building  and  Moving  Forms  for  Walls  Below 

Grade 

Cost  per  M  ft.  Cost  per  cu.  yd 
Item  Ft.  B.  M.  B.  M.  of  concrete 

Formbmlding 5,Q00  $6.20  $0.25 

Moving  forms 16,000  8.10  0.98 

Totals $14.30  $1.23 

Form  BuUdina  and  Demolition. — (b)  Forma  for  Columns,  Beams  and  Roof 
Slab. — ^The  column  boxes  were  built  of  2-in.  planks,  set  vertically  and  clamped 
together.  In  the  beam  boxes  the  bottoms  were  of  2-in.  planks,  and  the  sides 
were  of  1-in.  shiplap.  The  floor  of  the  slab  forms  was  also  cfttx  8-in.  shiplap. 
The  forms  were  supported  by  the  column  boxes  and  by  4  X  4-in.  shores  set 
below  the  beam  boxes  and  about  5  ft.  apart.  The  joists  under  the  slab  forms 
were  2  X  6  ins  ,  16  ins.  center  to  center,  and  they  extended  from  beam  box  to 
beam  box.  The  ends  of  these  joists  were  supported  by  2  X  4-in.  cleats 
extending  down  the  sides  of  the  beam  boxes  to  the  bottom  of  the  same,  from 
whence  the  load  was  carried  directly  to  the  shores. 

The  forms  were  used  twice,  and  they  contained  50,000  ft.  B.  M.  of  lumber. 
The  parts  were  framed  (cut  and  shaped)  on  the  ground.  The  f othis  were  built 
in  place,  and  were  put  together  in  sections.  Each  section  was  about  6  ft. 
long,  including  the  floor  of  the  slab  forms  between  the  two-beam  boxes,  to- 
gether with  the  adjoining  sides  of  these  boxes.  A  batter  of  H  in.  was  given 
to  the  sides  of  the  beam  boxes.  It  was  the  intention  of  the  contractor  to 
remove  the  forms  in  sections  by  lowering  them  from  between  the  concrete 
beams«  on  the  assumption  that  the  batter  given  to  the  sides  of  the  beam  boxes 
would  be  sufficient  to  allow  for  their  removal  in  this  maimer.  When  it  was 
attempted  to  take  down  the  forms,  however,  it  was  found  that  it  was  impossi- 
ble to  remove  them  in  sections.  It  was  therefore  necessary  to  tear  them  to 
pieces,  and  to  erect  them  again  in  their  new  location. 

The  only  labor  cost  saved,  therefore,  was  the  cost  of  framing  the  parts  a 
second  time. 

The  costs  for  this  work  are  given  in  Table  XV.  There  were  633  cu.  yds.  of 
concrete  enclosed  by  these  forms.  Cari>enters  were  paid  $0.45  and  helpers 
$0.26  per  hour. 

Table  XV. — Cost  Data  on  Framing,  Erecting  and  Demolishing  Forms 

or  Columns,  Beams  and  Roof  Slab 

Framing  50,000  ft.  B.  M. 

Item  Carpenters        Helpers  Total 

PerMft.  B.  M 6.96  0.24  7.19 

Per  cu.  yd.  of  concrete 0. 65  0. 02  0. 67 

Erecting  100,000  ft.  B.  M. 

PerMft.  B.M 10.43  1.07  11.50 

Per  cu.  yd.  of  concrete 1 .96  0.20  2. 16 

Demolishing  100,000  ft.  B.  M. 

PerMft.B.M 3.35  2.78  6.13 

Per  cu.  yd.  of  concrete 0. 63  0. 52  1 .  15 

Assemhling  and  Placing  Steel  Reinforcement, — All  of  the  steel  reinforcement 
was  shipped  to  the  job  already  bent  and  cut  to  length.  Beam  reinforcement 
was  assembled  into  units,  one  per  beam,  before  shipping.  Column  reinforce- 
ment was  assembled  on  the  job.  All  reinforcement,  except  the  top  reinforc- 
ing bars  in  the  roof  slab,  was  put  in  place  and  wired  before  any  concrete  was 
placed.    The  top  reinforcing  bars  in  the  roof  slab  and  the  reinfordng  bars  in 
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the  column  footings  were  placed  by  the  concrete  workers,  and  the  cost  of  same 
is  included  in  the  cost  of  the  concrete  work. 

The  quantity  of  reinforcing  steel  in  the  various  portions  of  the  building  is 
as  follows: 

Pounds 

In  column  footings 3 .  000 

In  columns 12 ,  500 

In  roof  slab,  main  reinforcement 52 .  OOO 

In  roof  slab,  top  reinforcement 26,000 

In  beams 27,000 

The  costs  of  assembling  and  placing  the  steel  reinforcement  (except   as 

noted  above)  are  given  in  Table  XVI  these  costs  covering  91,500  lbs.  of  steel 

and  533  cu.  yds.  of  concrete: 

Tabub  XVI. — Costs  of  Asssiiblino  and  Placing  Stbsl  RBiNroRCSicBNT 

Oost  per  ou.  3^d. 
Rate  per  hoiur         Coat  per  100  lbs.  of  concrete 

Foreman SO.  45  $0,006  $0,166 

Laborers 0.25  0.137  0.235 


Totals $0,233  $0,401 

Mixino  and  Placing  Concrete. — ^The  concrete  in  the  floors  and  walls  up  to  the 
floor  level  (including  footings)  was  wheeled  from  the  mixer  to  the  forms  in 
wheelbarrows  and  poured  at  the  floor  level.  The  concrete  in  the  roof  and  in 
the  portion  of  the  columns  above  the  floor  level  was  discharged  from  the  mixer 
into  wheelbarrows,  which  were  hoisted  to  the  roof  level  in  a  double-cage 
building  elevator  and  wheeled  to  place  over  runways  laid  on  the  roof  forms. 
All  concrete  was  mixed  in  mixers  of  the  batch  type.  All  stone  and  sand  were 
wheeled  to  the  mixer  in  wheelbarrows  loaded  by  hand.  The  costs  of  this  work 
are  given  in  Table  XVII. 

Table  XVII. — Cost  Data  on  Mixing  and  Placing  Concrbtb  in  Vabious 

Pabts  of  Stbuctxtbb 

Rate  per    Cost  per 
Item  hoiur         cu.  yd. 

Walls  and  Footings;  163  Cu.  Yds. ;  Dist.  Wheeled    75  ft. 

Foreman $0.40  $0.04 

Wheeling  sand,  stQue,  concrete 0.20  0.63 

Placing  concrete 0. 25  0. 06 

Attending  mixer 0.25  0.08 

Totals., $0.81 

Column  Footings  and  Columns  Up  to  Floor  Level;  66  Cu.  Yds.;  A  v.  Dist. 

Wheeled,  85  ft. 

Foreman $0.40  $0.22 

Wheeling  sand,  stone,  concrete 0.20  0. 70 

Placing  concrete 0.35  0. 21 

Attending  mixer 0. 25  0. 20 

Totals $1.33 

Columns  Above  Floor  Level,  Beams  and  Roof  Slab;  467  Cu.  Yds.;  A  v.  Dist. 

Wheeled,  90  ft. 

Foreman $0.40  $0.21 

Wheeling  sand,  stone,  concrete 0. 20  0. 67 

Placing  concrete 0. 35  0..17 

Attending  mixer 0. 25  0. 12 

(Operating  elevator 0.20  0. 10 

Totals SI. 27 

Estimating  Brick  Work. — ^The  following  is  given  by  I.  P.  Hicks  In  the 
National  Builder. 
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Brick,  as  made  by  different  manufacturers,  vary  in  size,  and,  of  course, 
there  is  sure  to  be  more  or  less  variations  in  tbe  actual  quantities  required 
for  certain  jobs;  the  variations  depending  upon  the  size  of  the  brick  and  the 
size  of  the  mortar  joints  made  in  laying  the  brick.  For  common  briqkwe 
will  assume  the  average  size  to  measure  8^  X  4  X  2K  inches  and  that  the 
wall  is  to  be  laid  up  with  a  H-in.  mortar  joint. 

For  this  kind  of  a  wall  figure  6  brick  to  each  square  foot  for  every  4-in. 
thickness  of  wall.  Thus,  for  a  wall  4  inches  thick,  figure  6  brick  per  square 
foot;  for  an  8-inch  to  9-inch  wall,  figure  12  brick  per  square  foot;  for  a  12  to 
13-lnch  wall,  figure  18  brick  per  square  foot;  for  a  16  to  17-inch  wall,  figure 
24  brick  per  square  foot  and  so  on,  adding  6  brick  for  each  4-inch  thickness 
of  wall. 

To  be  very  accurate  in  the  number  of  brick  required,  deduct  the  brick 
required  for  all  openings.  In  small  foundation  work,  where  there  are  only  a 
few  small  cellar  window  openings,  it  is  hardly  worth  while  to  deduct  the  opeur 
ings,  but  for  the  main  windows  and  doors  in  a  brick  building,  it  becomes 
necessary  to  deduct  the  brick  for  the  (^)eningSi  otherwise  the  result  would  be 
far  too  many  brick. 

Brick  Footings. — Brick  footings,  based  on  steps  or  offsets  of  2  inches,  may 
be  estimated  by  the  lineal  foot,  as  follows:  For  a  9-inch  wall,  2-course  footing, 
lOH  brick;  13-inch  wall,  3-course  footing,  22^  brick;  18-inch  wall,  4-course 
footing,  39  brick;  22-inch  wall,  5-course  footing,  60  brick;  26-hich  wall,  6-- 
course  footing,  S5H  brick. 

Pre89  Brick. — For  a  standard  size  oi  press  brick  we  will  assume  the  following 
dimensions:  8K  X  4  X  2}i  inches,  and  the  mortar  joint  to  be  K  ii^ch.  This 
will  require  7  brick  per  square  foot  for  every  4-inch  thickness  of  wall. 

Lump  Lime  Mortar. — ^The  quantity  of  material  required  to  lay  1,000  brick 
with  a  ^-inch  joint,  using  1  to  2  lime  mortar,  OMnposed  of  1  part  lime  putty 
to  2  parts  sand,  will  be  1^  barrels  of  lump  Ume  and  H-cubic  yard  of  sand. 

Hydrated  Lime  Mortar. — For  mortar  composed  of  1  part  hydrated  lime  and 
2  parts  sand,  figure  6H  50-pound  sacks  of  hydrated  lime  and  >^ -cubic  yard 
sand  per  1,000  brick. 

Cement  Mortar. — For  1  to  3  cement  mortar.oomposed  of  1  part  Portland 
cement  and  3  parts  sand,  figure  5  sacks  of  cement  and  5^-cubic  yard  of  sand 
per  1,000  brick,  with  a  K-inch  mortar  joint.  Approximately  2}i  bags  of 
cement  and  H  of  a  cubic  yard  of  sand  will  be  required  if  laid  with  about  a  K- 
inch  joint. 

Cement  and  Lime  Mortar. — Figure  1  sack  of  Portland  cement,  f^-barrel  of 
lump  lime  and  H-cubic  yard  of  sand  per  1,000  brick  laid  in  the  wall  with  a 
^-inch  mortar  joint. 

EsTiMATiNQ   Brick  For  Chimnbts  (The  sizes  given  are  inside  of  flue 

measure.) 

8X8  flue,  24  brick  per  lineal  foot. 

8  X  12  flue,  28  brick  i>er  lineal  foot. 
12  X  12  flue,  32  brick  per  lineal  foot. 
12  X  16  flue,  36  brick  per  lineal  foot. 
16  X  16  flue,  40  brick  per  lineal  foot. 

8X8  double  flue,  40  brick  per  lineal  foot. 

8X8  and  8  X  12,   two  flues,  44  brick  per  lineal  foot. 

8  X  12  double  flue,  48  brick  per  lineal  foot. 

8  X  12  and  12  X  12  two  flues,  52  to  56  brick  per  lineal  foot. 

Chimney  breasts  for  fireplaces  and  mantels  require  90  to  110  bricks  per 
lineal  foot  the  height  of  the  chimney  breast.    Where  the  chimney  is  reduced 
99 
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in  size  above  the  breast,  figure  according  to  the  size  and  number  of  flues  from 
there  to  the  top  as  given  above.  These  figures  should  enable  one  to  arrive  at 
a  very  close  figure  as  regards  the  number  of  brick  required.  In  the  above 
figures  no  allowance  has  been  made  for  any  waste  in  brick  and  it  would  be 
proper  to  allow  a  small  percentage  for  broken  and  wasted  brick.  U  the  brick 
are  of  good  quality,  3  to  5  per  oent  ought  to  cover  all  the  waste  in  handling 
and  laying. 

Labor  Cost  of  Laying  Brick. — The  labor  cost  of  laying  brick  varies  according 
to  the  waU,  the  bond  and  the  kind  of  mortar  joint  made.  Ck>mmon  brick  laid 
with  conunon  bond  and  plain  cut  Joints:  a  bricklayer,  with  one  tender,  ^ould 
lay  1,100  brick  per  8-hour  day,  using  cement  mortar,  and  1,350,  using  lime 
mortar. 

For  walls  laid  in  common  bond  with  struck  joint  one  side  and  plain  cut 
joint  on  the  other  side,  figure  1,000  brick  per  S-hour  dayt  using  cemoit  m<»tar, 
and  1,200,  using  lime  mortar. 

For  face  walls  laid  up  with  selected  common  brick  in  conimon  bond  and 
struck  joints,  figure  950  Inddc  per  S-hour  day.  using  cement  mortar,  and  1,000 
for  lime  mortar. 

For  face  walls  laid  with  selected  common  brick  in  common  bond  with  V- 
shaped  mortar  joints,  or  with  joints  raked  out,  figture  per  8-hour  day,  900  brick, 
using  cement  mortar,  and  950,  using  lime  mortar. 

Face  walls  laid  up  with  press  brick  or  face  brick  where  there  are  panels  and 
pilasters,  figure  350  to  400  brick  per  8-hour  day. 

For  plain  walls  laid  up  with  press  or  face  bride,  figure  700  to  800  brick  per 
8-hour  day. 

Figure  laborer's  time  sune  as  bricklayer's  time  where  there  is  but  one 
bricklayer  working;  if  two  bricklayers  are  working,  figure  H  hour  laborer's 
time  to  1  hour  of  bricklayer's  time. 

Costs  of  Masonry  and  Carpenter  Work  for  a  Church  Building. — ^Engineer- 
ing and  Contracting,  Nov.  30,  1910,  gives  the  following  costs  taken  from  the 
records  of  the  contractor,  John  McMichaels. 

The  building  was  a  brick  masonry  and  timber  structure  constructed  at  Oak 
Park,  111.  The  work  involved  rubble  masonry  foundation  walls,  concrete 
footings,  brick  masonry  and  timber  roof,  floors  and  finish. 

Rubble  Masonry. — ^The  foimdation  walls  were  of  rubble  masonry  about 
one-fifth  of  the  stone  from  which  were  taken  from  the  walls  of  the  old  cdiurdi. 
The  cost  per  cord  of  masonry  (100  cu.  ft.)  was  as  follows: 

Total  per  cord 
Materials: 

81  cordlB $    619.08 

100  bbls.  Portland  cement 170. 37 

Total  material $    789.45     $  9.734 

Labor: 

841^  hrs.  masons  at  50  cts $    420.58 

525>4  hrs.  helper  at  30  cts 157. 55 

296  hrs.  helper  at  25  cts 73.97 

103  hrs.  helper  at  20  cts 20. 60 

16  hrs.  helper  at  15  cts 2.40 

Foreman 75. 80 

Timekeeper. 21. 69 

Water  boy 12.37 

Night  watchman 0. 60 

Total  labor $    785. 56     S  9. 698 

Grand  total 11,575.01     919.438 
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Assuming  6  cu.  yds.  to  the  efx&  of  masonry  the  cost  was  $3,886  per  cu.  yd. 
About  1  2-5  bbls.  of  cement  were  used  per  cord  and  1  cu.  yd.  of  sand.  Sand 
was  taken  from  the  excavation  and  is  included  in  labor.  It  required  105.26 
man  days  to  lay  81  cords  which  is  a  rate  of  nearly  0.77  cords  per  man  per  day. 

Concrete  Footings. — ^A  number  of  small  concrete  footings  in  the  basement 
cost  for  mixing  and  placing  as  follows: 

396  hrs.  labor $103.49 

Foreman 39. 20 

Water  boy 7. 16 

Timekeeper 6 .  36 

Night  watchman 0. 15 

Total $156.36 

There  were  2,400  cu.  ft.  or  88.9  cu.  yds.  of  concrete  in  the  footings;  this 
gives  a  cost  per  cubic  yard  for  mixing  and  placing  of  $1.77. 

Brick  Walls. — ^The  brick  building  walls  averaged  30  ft.  in  height.  All 
material  was  carried  in  hods.  The  cost  of  common  brick  work  was  as  follows 
per  1,000  brick: 

290H  M  common  brick  at  $5.70 $1,653.30 

340^  bbls.  lime  at  45  cts 153.63 

42^  bbls.  Louisville  cement 24 .  95 

23      bbls.  Portland  cement 40. 00 

200  cu.  yds.  sand 100.00 

Total  material $1,971,88 

1,328H  hrs.  masons  at  50  cts $  664. 25 

l,837>i  hrs.  helpers  at  30  cts 551 . 21 

1,628H  hrs.  helpers  at  25  cts 407.06 

61  hrs.  helpers  at  20  cts ^ 10.20 

10  hrs.  helpers  at  17H  cts 1 .  76 

652  hrs.  apprentice  at  $9  per  week 122.40 

Water  boy 3. 34 

Foreman 176. 43 

Timekeeper , 47 .  65 

Night  watchman 43.75 

Total  labor $2,028.04 

From  these  figures  the  cost  per  1,000  brick  was  as  follows: 

Materials $  6.99 

Labor 6.79 

Total $13.78 

The  number  of  bricks  laid  per  man  per  day  was  800;  the  rates  of  helpers' 
labor  to  masons*  labor  was  2}i  hours  to  1  hour;  IH  bbls.  of  cement  were  used 
per  1,000  brick. 

Nailing  Strips. — The  cost  of  placing  nailing  strips  in  cinder  concrete  floor 
was  as  follows: 

2,  915  ft.  B.  M.  2  X  4  in.  by  16  ft.  at  $15.50  per  M $46.74 

42H  hrs.  labor  at  42H  cts 8. 29 

36  hrs.  labor  at  25  cts 9. 12 

Foreman 2 .  75 

Timekeeper 0.60 

Total $66.40 

The  cost  per  M.  ft  B.  M.  was  $22.77.  One  num  laid  149  ft.  B.  M.  per  hour. 
The  cost  per  100  sq.  ft.  of  floor  was  as  follows: 

Material $1 .  60 

Labor 0.70 

Total $2,25 
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Firat  Floor  Oirder: — ^The  coBts  of  the  first  floor  girders  was  as  follows: 

3.  147  ft.  B.  M.  10  X  10  in.  Y.  P.  at  »20 $62.94 

66  bra.  carpenters  at  423^  cts 28. 04 

Foreman 1.60 

Timekeeper 1 .  50 

Watchman 1.00 

Total $94.98 

These  girders  were  pitched  for  an  inclined  auditorium  floor  and  one  man 
laid  48  sq.  ft.  per  hour.     The  cost  per  M.  ft.  B.  M.  was  as  follows: 

Material $20.00 

Labor 10.18 

Total 130. 18 

First  Floor  Joiata. — The  cost  of  laying  2  X  10-in.  and  2  X  12-in.  joists 
pitched  to  an  incline  for  an  auditorium  floor  was  as  follows: 

15. 062  ft.  B.  M.  yellow  i^ine  joists $247.49 

239M  hrs-  carpenters  at  42H  cts 101 .  54 

4  hre.  labor  at  25  eta 1 .  00 

Foreman 22.92 

Total $372.95 

One  man  laid  63  sq.  ft.  per  hour.    The  cost  per  M.  ft.  B.  M.  was  as  follows: 

Material $16. 50 

Labor 8.33 

Total $24.83 

Timber  Roof. — The  timber  roof  comprised  trusses,  valley  rafters  and  purlins. 

Lumber: 

15.  428  ft.  B.  M.  lumber $332. 14 

20  hrs.  unloading  at  45  cts 0. 00 

34  hrs.  unloading  at  25  cts 8. 50 

,  IH  hrs.  unloading  at  30  cts 0.45 

Total $350.09 

Framing  Trusses: 

333  hrs.  carpenters  at  42H  cts $141 .  39 

Foreman 62. 40 

Timekeeper 7 .  08 

Night  watchman 7.00 

Total $217.87 

Raieing  Trusses: 

132H  hrs.  at  50  cts $  66.25 

30  hrs.  at  30  cts 9.00 

35H  hrs.  at  25  cts 17.82 

48  hrs.  at  42H  cts 20.37 

Iron  foreman 36 .  00 

Foreman 9.00 

Timekeeper 1.00 

Total $150.44 

Valley  Rafters: 

54M  hrs.  labor  at  42H  cts $  23. 16 

Waterboy 1.45 

Total $  24.61 

Purlins: 

186H  hrs.  at  42H  cts $  67. 18 

Foreman , 4 .  40 

Timekeeper 1 .  00 

Watchman 1.00 

Total $  63.58 

Grand  total  Ubor $483.45 
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Summariziiig  we  have  the  following  cost  per  M  ft.  B.  M. : 

Material $21.  «8 

labor , 81. 84 

Total $52.87 

The  cost  of  material  and  labor  for  rafters  was  as  f oUows : 

13.  674  ft.  B.  M.  at  $16.85 $229.45 

33QH  hrs.  carpenter  at  42H  cts 143 .  84 

Foreman 20.05 

Timekeeper 5. 50 

Night  watchman 4. 60 

62H  hrs.  labor  at  26  eta 15.62 

Total $419.06 

These  totals  give  the  following  cost  per  M  ft.  B.  M. 

Material $16.85 

Labor 18.86 

Total $30.71 

The  work  amounted  to  40  ft.  B.  M.  per  man  per  hour. 
Bridging  costs  for  materials  and  labor  $3  per  M  ft.  B.  M.  of  joists. 
Boarding  Roof. — The  cost  of  covering  the  roof  with  1  X  6-in.  D.  &  M.  floor- 
ing was  as  follows: 

15,  400  ft.  B.  M.  lumber $252.80 

228  hrs.  carpenters  at  42H  cts 07 .  88 

12  hrs.  labor  at  25  cts 3 .  00 

Foreman 18. 64 

Timekeeper 4 .  00 

Watchman 3.76 

ToUl $880.07 

This  gives  a  cost  per  M.  ft.  B.  M.  as  follows: 

Material $16.00 

Labor.. 8.26 

Total $24.26 

Ceiling  in  Raftera. — The  cost  of  beaded  out  circling  securing  rafters  was  as 
follows: 

9  000  sq.  ft.  ceiling * $315.00 

*    286K  hrs.  carpenters  at  42H  cts , 100. 07 

35  hrs.  labor  at  30  cts 10. 60 

Foreman 13. 20 

Timekeeper 2. 00 

Watchman 2. 00 

Total $442.77 

These  totals  give  the  following  costs  per  M  ft.  B.  M.: 

Material. $41.00 

Labor 14. 20 

Total $55.20 

The  amount  of  ceiling  placed  was  38  sq.  ft.  per  man  per  hour. 
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Flooring. — The  cost  of  2  X  6-iii.  D.  &  M.  flooring  was  as  follows: 

14.  414  ft.  B.  M.  lumber $227. 58 

lOlK  hrs-  carpenters  at  42M  eta 43. 05 

66  hrs.  labor  at  25  cts 14 .  00 

Foreman 19.00 

Timekeeper 2 .  00 

Total $305.68 

These  totals  give  the  following  costs  per  M  ft.  B.  M.: 

Materials $15. 50 

Labor 6. 42 

Total $20.92 

About  143  sq.  ft.  of  flooring  was  laid  per  man  per  hour. 

Sununarizing  the  cost  of  carpenter  work  per  unit  we  have  the  following: 

Floor  stripe  in  cinder  concrete $  7.00  per  M.  ft. 

First  floor  cirders 10. 18  per  M.  ft. 

First  floor  joists 8. 33  per  M.  ft. 

Truss  timbers  and  valley  rafters 31 .  34  per  M.  ft. 

Rafters 13.86  per  M.  ft. 

Roof  boarding 8.26  per  M.  ft. 

Flooring 5.42  per  M.  ft. 

Ceiling 14.20  per  M.  ft. 

Cost  of  Carpenter  Work  on  a  Frame  Residence. — ^Engineering  and  Ck)n- 
tracting,  Nov.  30,  1910,  publishes  the  following  data  furnished  by  the  con- 
tractor John  McMichaels. 

The  costs  are  calculated  per  thousand  ft.  board  measure  of  lumber  used  in 
the  construction  of  a  residence  at  Chicago  Heights,  111.,  in  1905.  Union 
labor,  at  60  cts.  per  hour  for  carpenters,  was  used: 

Frame  timber $6.00 

Bridging  (per  M.  ft.  of  joists) 3 .  00 

Rough  floor  and  roof  boards 6. 32 

Sheathing 10.40 

Siding 20.00 

Floors  maple  3-in - 14 .  00 

Floors  Y.  P..  3-in 12.00 

Ceiling  Y.  P..  3-in 14 .  00 

Erecting  the  millwork  cost  50  per  cent  of  the  value  of  the  material. 

Unit  Coats  of  Carpenter  Labor  on  Four  Two-Story  Frame  Flats.  — ^In  Engineer- 
ing  and  Contracting.  Dec.  14,  1910,  John  McMichaels  gives  the  following. 
The  costs  are  for  labor  per  thousand  feet  board  measure  of  lumber  with  union 
labor  at  60  cts.  per  hour.  The  buildings  were  each  two  stories  in  height  and 
were  21  ft.  6  ins.  wide  by  34  ft.  in  depth: 

Frame  timber. $10. 90 

Bridging  (per  M  ft.  of  joists) 3.00 

Sheathing 8. 36 

Shingles ^ 2. 22 

Sidin« 14 .  57 

Floonng,  Y.  P 15.00 

Flooring,  maple 15. 00 

The  millwork  was  bought  by  board  measurement  and  was  made  up  on  tbe 
job.  The  carpenter  work  for  making  up  and  setting  the  millwork  cost  58 
per  cent  of  the  cost  of  the  material. 

Labor  in  Different  Types  of  Work  in  Constructing  Frame  Houses. — ^Tbe 
data  given  hi  Table  XVIII  are  derived  from  a  table  given  by  Leroy  K.  Sher- 
man, President  of  the  U.  S.  Housing  Corporation  in  Exigineering  News- 
Record  Feb.  5,  1920. 
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Tabi<b  XVIII. — ^HouBLT  Labob  Oxjtput  fob  Building  Constbuction 


Item  Kind  of  labor 

Excavation  Tgeneral) Common 

Excavation  (trench) Common 

Backfill  and  grading Common 

Cinder  fill,  no  cement Common 

Plain  concrete Common 

Forms  for  concrete  1  . . . .  Carpenter  and 

Ltahorer'B  time  IK  carpenters  /  common 

Concrete  floor,  cellar 

Top  dressing Common 

Waterproof  painting Mason 

Drainage  ceflar  floor Common 

Flue  lining Mason 

Plastering  ([interior)                ] Mason  and 

Laborer's  time  %  plasterers  /  common 

Lathing Lathers 

Corner  beads Lathers 

Plastering  (exterior)                \ Mason  and 

Laborer's  time  H  plasterers  /  common 

Plaster  board Carpenter. 

Lumber  and  carpentry                 \  . . .  Carpenter  and 

Laborers  time  equal  carpenters  /  common 

Roofing,  slate                     1 Roofer  and 

Laborer's  time  ^i  roofers   /  common 

The  rates  given  above  are  based  upon  the  experience  gained  in  construct- 
ing a  large  number  of  houses. 

Unit  Hour  Basis  for  Bstimatiiic  Carpenter  Work  (Engineering  and  Contract- 
ing, Sept.  28,  1921.) — ^The  Quantity  Survey  Bureau  of  the  Master  Carpenters' 
Association,  with'  the  co-operation  of  several  members,  has  compiled  the 
followmg  tables  for  use  in  figuring  the  cost  of  carpenter  work. 


Unit 
Quantity 

Labor  Output 
Unit    Quan- 
tities Per 
Hour 

Cu.  yd. 
Cu.  yd. 
Cu.  yd. 
Cu.  yd. 
Cu.  yd. 
Sq.ft. 

0.50 
0.333 
1.47 
0.625 
0.20 
10.00 

Cu.  yd. 
Sq.  ft. 
Sq.  ft. 
Cu.  ft. 
Lin.  ft. 
Sq.  yd. 

0.167 
31  25 
50.00 

5.00 
12.50 

2.666 

Sq.  yd. 
Lin.  ft. 
Sq.  yd. 

11.3 
28.3 
1.698 

ioOO  B."  M 

25.00 
0.0219 

• 

100  sq.  ft. 

2.75 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 


Sise 

X4" 
X4" 
X4" 
X5" 
X5" 
X5" 
X6' 
6" 
6" 
6" 
8" 
10" 
12" 
14" 
8" 
10" 
12" 
14" 
4" 


Material 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


Studs 

Rafters. .. 
Partitions. 

Studs 

Rafters... 
Partitions. 

Studs 

Rafters. . . 
Partitions. 

Joists 

do 


Furring 


ff 


4 
8 


1X2 


1  X3' 
X6— 8  X8 
X  10—12     X 


do 

do 

do 

do 

do 

do 

do 

Sleepers.  . . . 
On  wood 

Brick.... 

Tile 

Concrete. 
Bridging. . . 
Timbers... 
12  do 


Unit 
Working 

Hours 
per  M  ft. 

32 
39 
54 
31 
37 
48 
30 
36 
46 
26 
24 
21 
19 
17 
19 
18 
17 
16 
40 
110 
240 
360 
600 
75 
24 
22 


Size 


1 
1 
1 
1 
1 
1 
1 
1 
1 


6" 
8' 
8' 
4" 
6" 
4" 
6" 
4" 
6" 


X 
X 
X 
X 
X 
X 
X 
X 
X 

2  X4' 
2  X6" 
1  X6" 
1  X8" 

IH" 

2" 
2>i' 


Material 

Boards 

do 

Cut  betw.  Joists. 
DAM  Floor. . . 

Sheathing 

Siding 

do 

Mitered 

Siding 

D  AM  Floor. . . 


Unit 

Working 

Hours 

per  M  ft. 

.      16 
.      14    ■ 

24 

25 

18 

46 

33 

50 

37 

30 

25 

20 

28 

25 


DAM  Floor.  . . 
DAM  Floor. . . 

Drop  Sidg 

Drop  Sidg 

Face     Maple    or 

Oak  Flooring. .     80 
Face    Maple     or 

Oak  Flooring. .     45 
Face    Maple    or 

Oak  Flooring.     40 

^Bridging 60 

Add  for  Planing 

or  Scraping  Fig. 

Maple 50% 

Oak 80% 
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The  "  unit  hours  "  shown  in  the  third  and  last  columns  represent  the  number 
of  working  hours  which  in  the  opinion  of  the  committee  are  required  to  frame, 
put  in  place  and  finish  1,000  ft.  of  the  various  kinds  of  lumber  shown  in  other 
columns.  By  multiplying  the  actual  quantities  required  for  a  job  by  the 
number  of  "imit  hours"  the  total  number  of  "work  hours"  are  obtained  and 
the  latter  are  then  multiplied  by  the  current  wage  rate. 

Relative  Cost  Types  of  Deep  Foundations. — ^I  am  indebted  to  J.  H.  Thorn- 
ley  for  the  following  matter. 

Where  loads  are  excessively  heavy  or  the  bearing  value  of  the  surface  soU 
unusually  low.  spread  footings  must  be  replaced  by  one  of  the  f oUowinir  types 
of  deep  foundation. 

The  table  indicates  the  effect  of  various  governing  factors  on  the  compara- 
tive economy  of  the  different  types. 

The  types  are  given  approximately  in  order  of  cost  per  ton  of  bearing  value. 
That  is,  if  the  nature  of  the  proposed  work  is  such  that  the  "  Conditions  indi- 
cating use"  would  show  either  t3ri)e  "A"  or  type  **B"  to  be  applicable,  then 
type  "  B  "  would  uauaUy  give  the  cheaper  foundation. 


Type 

"A" 
Compressed 

Caissons. 


Objections  to  Use 

1.  Extremely  high  cost. 

2.  Slowness. 


Conditions  Indicating  Use 

1.  Very  heavy  concentrated 
Air     loads. 

2.  Water  or   water  bearing 
*          material  to  be   penetrated. 

3.  Rock  or  material  of 
almost  equal  bearing  value 
within  100  feet  approximately. 

4.  Work  sufficiently  exten- 
sive to  warrant  heavy  installa- 
tion costs  of  the  necessarily 
elaborate  plant. 

Renwrks:  Load  capacity  of  finished  pier  calculated  on  basis  of  column  to  rock. 


"B"  1.  Rock  within  40  pile  diam- 

Open  Ended  Steel    eter  (60'  for  an  18  '  pile). 
Pipe    Concrete 
Filled  PUes. 


1.  Danger  of  oocurrenee 
of  large  boulders  or  other 
obstacles  which  may  make 
blowing  out  of  pile  im- 
possible. 


2.  Material  to  be  penetrated 
of  low  bearins  value. 

3.  Pile  to  be  entirely  below 
finished  ground  level. 

4.  Loads  fairly  heavy  and 
concentrated,  50  tons  or  more 
per  column. 

5.  Piles  to  be  placed  in 
cramped  quarters,  e.g.,  between 
shorings. 

6.  Material  to  be  penetrated 
easily  jetted;  sand  sift  or  muck. 

7.  Work  sufficiently  exten- 
sive to  warrant  the  installation 
of  the  compressor  plant  neces- 
sary for.  blowing  out  of  piles. 

Remarks:  Load  capacity  tsalculated  on  basis  of  supported  column  to  rode 
Within  forty  diameters  (New  York  building  code  allows  500  pounds  per  square 
inch  on  concrete  section  and  7500  pounds  per  square  inch  on  steel  section.  Urn 
Hs  inch  steel  allowed  off  for  rust). 
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**C"  1.  Load    fairly    heavy    and 

Closed  Ended  concentrated  40  tons  or  more 

Steel  Pipe  Con-  per  column. 
Crete  Filled 


Piles. 


2.  Permissible  load  per  pile 
not    arbitrarily    restricted    bv 
local  building  code.     Load  al- 
lowed  according   to   test    or 
formula. 

3.  Material  to  be  penetrated 
of  some  friotional  bearing 
value. 

4.  Length  of  piles  uncertain. 

5.  Heavv  boulders  or  other 
debris  liable  to  be  encountered 
before  reaching  desired  pene- 
tration. 

6.  Small  number  of  piles 
only  required  necessitating  low 
plant  installation  charge. 

7.  Limited  headroom  for 
driving. 

8.  Enclosed  quarters  in 
which  driving  must  be  done 
making  blowing  dangerous. 


1.  Larger  sises  of  pipe 
only  available  at  a  few 
places  in  the  country. 
Pipe  is  bulky  to  ship  and 
heavy  to  handle. 


Pre-cast  Concrete 


1.  Site  covered  by  water. 


PUes. 


1.  Difficulty  of  ascertain- 
ing the  lengths  of  pile  which 
wul  be  required  to  develop 
a  given  refusal  and,  there- 
fore, a  given  load  capacity. 
In  case  of  driven  piles  the 
last  piles  of  a  large  pier 
will  sometimes  be  only  naif 
the  length  of  the  first  piles 
when  driven  to  the  same 
refusal.  Piles  in  different 
parts  of  the  foundations  of 
the  same  building  often 
vary  from  one  half  to 
double  the  length  of  the 
a  V  e  r  a  fi[  e  pile.  Bzcept 
where  borings  show  a  level 
strata  of  rock  or  other  firm 
bearing  material,  borings 
form  only  an  approximate 
method  of  ascertaining  the 
probable  length  of  a  pile. 
The  wastage  due  to  cut  off 
of  precast  piles  often  makes 
this  system  of  piling  ex- 
tremely expensive. 

^.  It  is  necessary  to  cast 
the  pile  at  least  28  days 
before  it  is  driven  which 
means  a  serious  delay  in 
starting  work  on  a  rush  job. 

3.  Accurate  advance  knowl-  3.  The  percentage  of 
edge  as  to  the  driven  depth  of  breakage  in  handling  and 
piles  required  to  support  load.        driving     precast     piles     is 

sometimes  high. 

4.  Piles  fractured  in  driv- 
ing may  not  show  up  until 
they  are  under  load. 


2.  Ground  through  which 
piles  driven  such  as  to  permit 
of  jetting, — sand,  silt  or  muck. 
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"E"  1.  Large  concentrated  loads.         1.  Danger     of     striking: 

Open  Caissons  or  quicksand    or    unexpected 

Caisson  Piles.  springs. 

2.  Little  or  no  water  in  2.  Slower  method  than 
material  to  be  penetrated.  driven  piles. 

3.  Rock  or  material  of  high 
bearing  value  within  thirty 
feet.  • 

Remarks:  Load  capacity  of  finished  pier  or  pile  calculated  either  on  basis  of 
column  to  rock  or  on  basis  of  bearing  value  of  oottom  material  if  not  rock. 

"F"  1.  No    safe    bearing    strata         1.  Uncertainty. 

Float  F  o  u  n  d  a  -     within    economical    reach    of 
tions.  piling. 

2.  Surface  material  liable  to 
flow  but  practically  non- 
compressible  when  contained. 

3.  No  danger  of  future  exca- 
vation occurring  in  close 
enough  proximity  to  the  foun- 
dation to  cause  flow  of  the  sub 
soil. 

4.  No  likelihood  of  change  in 
the  local  water  table  which 
might  result  in  diying  out  and 
consequent  shrinkage  of  sub 
soil. 

5.  A  uniformly  distributed 
load. 

6.  A  surface  sub  soil  of 
homogeneous  material  giving 
uniform  bearing  vahie. 

Note:  So  called  float  foundations  are  often  merely  cases  of  a  spread  footing 
extending  under  the  entire  building.  ^  The  term  "  float  foundation  as  here  naea 
means  a  foundation  on  material  which  would  flow  under  the  building  load  if 
not  contained. 

"G"                1.  Piles  to  be  wholly  below  1.  Where  piles  are  driven 

Wooden    Piling,     ground  water  level,  or  if  in  open  through    strata     of     small 

water    to    extend    above    the  bearing  value  to  hard   pan 

low  water  level  only  to  such  an  or  rock  practically  all  of  the 

extent    that    the    part    above  load  must  be  taken  in  end 

water   level   will    not   become  bearing  which  may  result  in 

dried     out.     (This     extension  end    crushing    or     column 

above  low  water  level  will  vary  failure.     The     liability     to 

according    to    climatic    condi-  column     failure      becomes 

tions.)  serious  in  long  piles  if  they 

2.  Comparatively  light  loads  are  not  absolutely  straight, 
or  uniformly  distributed  loads.  2.^  In  driving  in  soil  con- 

3.  Water  conditions  such  as  taining  boulders  or  in 
to  permit  of  cut  o£F  at  time  driving  to  a  rook  bearing 
of  driving  without  sheeting  there  is  alwasrs  danger  of 
and  pumpmg.  cracking  and  end  booming. 

4.  Assurance  that  the  water 
table  will  not  be  lowered  either 
by  cUmatic  changes  over  a 
period  of  years  or  oy  artificial 
changes  such  as  sewers,  sub- 
ways or  canals. 

"H"  1.  Load  sufficiently  concen-        1.  Cannot      be      driven 

C  a  8  t-i  n-p  lace    trated  to  give  20  tons  or  more    through  water. 
Concrete  Pil-     per  pile. 

ing.  2.  Surface  soil  of  sufficient 

bearing  load  valtfe  to  carry  a 
land  pile  driving  rig. 

3.  Probable  length  of  pile 
under  50'. 

4.  Speed  required. 

5.  Load  concentration  not  in 
excess  df  6H  tons  per  square 
foot. 
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Note:  Where  the  water  table  coincides  closely  with  the  bottom  of  the  column 
bases  avoiding  either  expense  for  pumping  and  sheeting  or  the  building  of  a  deep 
cap  from  cut  off  to  column  base,  wooden  piles  will  usually  be  cheaper  than  cast- 
in-place  concrete  piles  unless  the  loads  are  large  and  concentrated. 

There  are  numerous  other  special  types  of  piles  and  caissons  which  have  been 
designed  to  meet  imusual  conditions.  Such,  for  example,  are  the  steel  screw 
piles  and  automatic  caissons  in  which  the  digging  is  done  by  water  jets  or  other 
purely  mechanical  means. 

It  IS  not  intended  to  be  understood  that  all  conditions  shown  in  the  "  Condi- 
tions Indicating  Use"  column  should  be  expected  in  any  particular  instance. 
Sometimes  the  importance  of  one  condition  mav  overshadow  all  others.     For 
example,   where   cast-in-place  piles  may  be  otherwise  the  obvious  solution 
a  lack  of  head  room  for  a  driver  and  apparatus  may  force  the  use  of  steel  pipe  pile. 

Cost  of  Caisson  Foundation  for  a  Building  in  Chicago. — The  f oUowing  is  given 
in  Engineering  and  Contracting.  Oct.  22,  1913. 

The  foundations  were  built  during  the  summer  of  1913  and  consisted  of 
40  wells  sunk  to  rock.  Owing  to  the  nature  of  the  sub-soil  it  is  unnecessary 
to  use  compressed  air  and  the  small  amount  o^  water  encountered  was 
removed  by  buckets. 

The  usual  crew  for  a  5-ft.  well  was  one  digger,  one  man  at  the  niggerhead, 
one  dumper  and  enough  wheelers  to  remove  the  excavated  material.  Usually 
one  wheeler  could  handle  the  excavation  from  two  wells,  where  the  haul  did 
not  exceed  100  ft.  and  the  runway  was  in  good  condition. 

The  first  set  of  lagging  placed  consisted  of  3  X  3-in.  pieces,  6  ft.  long,  three 
rings  being  used  for  the  initial  set.  After  the  caissons  were  topped,  platforms 
were  built  of  2-in.  plank,  with  a  2-ft.  square  hole  at  the  center  of  each  caisson,- 
and  on  these  platforms  the  tripods  were  erected.  Each  tripod  carries  a  shaft, 
on  one  end  of  which  was  an  18-in.  sheave  and  on  the  other  end  an  8  X  10-in. 
niggerhead.  Directly  over  the  center  of  the  caisson  was  placed  a  block, 
suitable  for  a  1-in.  Manila  rope.  This  rope  supported  an  iron  bucket,  22  ins. 
in  diameter  and  24  ins.  deep,  which  was  used  for  hoisting  the  excavated  mate- 
rial. Power  was  supplied  by  a  hoisting  engine,  conveniently  located,  having 
a  bull  wheel  on  a  stub  shaft.  A  ^-in.  cable  passed  over  this  wheel  and  also 
over  each  of  the  sheaves  at  the  caissons.  Ten  wells  were  operated  from  one 
hoisting  engine,  and  the  cable  would  last  on  an  average  for  two  set-ups. 

Progress  of  Caisson  Work. — The  caisson  work  was  carried  on  continuously 
in  three  shifts  of  eight  hours  each,  except  for  a  four  weeks'  lockout.  During 
the  lockout,  the  only  men  employed  were  two  foremen,  two  timekeepers,  a 
superintendent,  an  assistant  superintendent,  and  a  night  watchman.  The 
excavated  material  for  a  depth  of  from  50  to  55  ft.  below  city  datum  consisted 
of  the  typical  soft  blue  clay  which  could  be  excavated  with  a  spade.  For  the 
next  10  to  15  ft.  the  material  was  dry  and  required  grubbing;  the  following  15 
ft.  was  hard-pan,  which  was  removed  with  some  difficulty;  while  the  last  3 
to  5  ft.  consisted  of  water-bearing  sand  and  gravel.  In  most  cases  it  was  nec- 
essary to  remove  some  disintegrated  rock  from  the  surface  of  the  bed-rock. 
Large  boulders,  which  required  blasting,  were  often  encountered.  For  about 
the  first  56  ft.,  3  X  6-in.  lagging,  4  ft.  long,  was  used,  and  for  the  remaining 
distance,  about  26  ft.,  2  X  6-in.  lagging,  5  ft.  4  ins.  long  was  used.  The 
wrought  iron  rings  were  3  X  3^  ins.  in  section,  made  in  two  parts,  with  flanges 
for  the  connecting  bolts. 

Arrangements  were  made  with  the  Chicago  Timnel  Co.  to  receive  the  exca- 
vated material,  which  was  discharged  through  its  station  at  Madison  St.  and 
the  river.  A  chute  was  dug  from  the  tunnel  to  the  basement  level  of  the  site, 
into  which  the  material  was  dumped,  and  by  it  was  conveyed  by  gravity  to 
the  cars. 
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Table  XIX  shows  the  actual  progress  made  by  each  eight-hour  shift  for 
two  6-ft.  diameter  caissons.  It  is  seen  that  the  progress  for  each  caisson  ma 
practically  the  same  for  each  shift. 


! 


Table 

XIX 

Caisson  No.  14.    Depth  each 

Caisson  No.  15. 

Deptl 

shift 

shift 

^w  ^ 

Shift  (8  hrs.) 

Ft.                       Ins. 

Ft. 

Ins. 

1 

6                          0 

6 

0 

2 

14                          0 

1 

13 

10 

3 

21                           2 

9 

20 

10 

4 

27                          4 

27 

4 

5 

36                          7 

35 

7 

6 

41                           6 

41 

5 

7 

46                          7 

46 

7 

8 

60                         10 

60 

10 

9 

64                          8 

63 

3 

10 

66                          8 

66 

4 

11 

67                          8 

68 

7 

12 

69                          8 

68 

' 

7 

13 

62   -                       6 

60 

4 

14 

66                          6 

64 

2 

16 

68                          8 

66 

3 

16 

72                         11 

69 

10 

17 

77                           4 

76 

2 

18  . 

80                          2 

•■ 

80 

0 

19 

81                           8 

82 

3 

Coat  Data. — The  total  excavation  for  caisson  No.  14  was  59.4  cu.  yds.,  the 
total  labor  cost  for  excavating  and  for  placing  the  lagging  was  $328.70, 
making  a  cost  per  cubic  yard  of  $6.63.  For  caisson  No.  16  the  excavation 
was  59.8  cu.  yds.,  the  total  labor  cost  was  $328.70,  and  the  labor  cost  per  cubic 
yard  was  $6.60. 

The  total  pay  roll  for  all  work  done  in  connection  with  the  excavation  of  the 
site  and  the  digging  and  concrete  of  the  wells  was  $23,468.50.  This  did  not 
include  the  cost  for  shoring  materials,  for  electrical  work,  or  for  the  engineer- 
ing work,  which  required  the  services  of  three  men  two  days  out  of  every  three. 
The  following  scale  of  wages  per  hour  was  paid:  Common  laborers,  40  cts., 
niggerhead  men,  60  cts.;  diggers,  67 H  cts.;  lagging  boss,  60  to  70  cts.;  rigging 
foreman,  66  to  76  cts. ;  foreman,  76  cts. ;  and  engineers,  76  cts. 

With  conditions  such  that  the  excavating  operations  consisted  of  excavating, 
pulling  and  wheeling,  the  cost  per  shift  (with  the  overhead  charges  properly 
distributed),  when  ten  wells  were  being  excavated  at  the  same  time,  averaged 
about  $17.30  per  well.  This  gives  a  cost  of  $61.90  per  day  per  well,  or  $519.00 
per  day  for  the  ten  wells.  These  costs  include  the  necessary  labor  for  unload- 
ing and  piling  the  lagging  and  rings,  and  practically  all  items  connected  with 
the  actual  work  done  on  the  caissons.  It  does  not,  however,  include  the  dis- 
posal of  the  excavated  material  (after  dumping  into  the  chute),  the  cost  of 
shoring  materials,  or  the  concreting  of  the  caissons.     . 

Concreting  of  Caiasona. — The  K-yd-  motor-driven  mixer  was  mounted  on  a 
platform,  placed  at  the  level  of  the  street.  The  concrete  materials  were  stored 
in  the  street,  and  the  concrete  was,  in  most  cases,  spouted  to  the  caissons.  For 
some  of  the  more  distant  wells,  however,  the  concrete  was  wheeled  in  buggies. 
When  it  was  possible  to  keep  the  mixer  in  continuous  operation,  a  gang  of  22 
men  could  mix  and  place  about  100  cu.  yds.  per  shift  of  eight  hours,  at  a  labor 
cost  of  slightly  less  than  $1.00  per  cubic  yard.  The  labor  cost,  even  with 
intermittent  running  seldom  reached  $1.26  per  cubic  yard.    The  concrete  was 
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poured  in  at  the  top  of  the  caisson  and  was  permitted  to  fall  to  the  bottom. 
A  mixture  of  one  part  Portland  cement,  three  parts  tori>edo  sand  and  five 
parts  1-in.  crushed  stone  was  used  for  the  caissons. 

A  Comparison  of  the  Cost  of  Concrete  and  Wood  Piling. — Philip  J.  Kealy, 
in  Engineering  and  Contracting,  Jan.  25,  1911,  gives  the  following: 

In  the  erection  of  a  large  industrial  shop  in  the  Chicago  district  during  the 
summer  of  1910,  a  pile  foundation  wa9  necessary  and  the  question  as  to  the 
kind  of  piling  arose.  The  building  site  was  on  filled  ground,  near  a  river,  with 
the  ground  water  line  approximately  14  ft.  below  grade,  and  the  piling 
depended  largely  on  skin  friction  for  bearing  power. 

A  proposal  was  made  to  furnish  concrete  piles  at  $1  per  ft.  but  wood  piles 
were  selected  because  they  could  be  secured  at  23 H  cts.  per  ft.  in  place.  The 
piles  were  designed  to  carry  20  tons  each  and  the  number  of  piles  varied  from 
4  to  9  under  eadi  pier.  The  contractor  was  allowed  12  cts.  per  ft.  for  each 
foot  followed. 
■  Driving. — ^The  following  is  the  cost  data  on  the  pile  driving  operation: 

Total  mles  driven^  approximately 1 ,250 

Total  linear  ft.  driven,  approximately 50,000 

inear  ft.  followed,  approximately 6 ,  000 


Total 

Actual 

Actual  cost  of  one  pile  (driven) $10. 21 


cost  of  pile  (to  company)  per  foot  driven 25. 15  cts. 

).  


The  piles  were  driven  during  July  and  August. 

Sawing  Off  Heads. — The  piles  were  cut  with  a  cross  cut  saw  about  4  ft. 
long  worked  by  two  men  who  received  35  cts.  per  hour  each.  The  heads  were 
hoisted  out  by  a  three-leg  derrick  and  single  block,  six  men  being  required  to 
hoist  up  and  dispose  of  them.  These  laborers  received  25  cts.  per  hour. 
Water  existed  in  many  of  the  holes  which  varied  from  12  to  15  ft.  in  depth. 
The  average  cost  to  cut  off  each  head,  get  it  out  of  the  hole  and  dispose  of  it 
was  38  cts.    The  unit  cost  varied  from  17H  cts.  to  $1.35. 

Excavation. — ^The  cost  per  cubic  yard  for  excavation  was  $2,  which  price 
included  backfilling.  The  pier  holes  were  in  many  instances  full  of  water, 
entailing  pumping,  sheeting  was  necessary  to  prevent  caving,  double  and  triple 
casting  of  dirt  was  frequently  required  and  much  of  the  material  handled  was 
sludi,  so  that  the  price  per  yard  was  not  excessive.  The  amount  of  excava- 
tion required  for  various  size  piers  and  the  cost  per  pile  was  as  follows: 

4  piles  6  X  6  X  14.5  «  19.3  cu.  yds.  at  $2  »  $38.60,  or  $9.65  per  pile. 

5  piles  6.5  X  6.6  X  14.5  «  22.7  cu.  yds.  at  $2  »  $45.40,  or  $9.08  per  pile. 
7  piles  7  X  7  X  14.5  »  26.3  cu.  yds.  at  $2  -  $52.60,  or  $7.51  per  pile. 

9  piles  7.5  X  7.5  X  14.5  -  30.2  cu.  yds.  at  $2  «  $60.40,  or  $6.71  per  pile. 

The  majority  of  the  piers  rested  on  the  smaller  number  of  piles  so  that  the 
average  cost  of  excavation  per  pile  was  $8.61. 

Concrete  Cape  and  Piers. — The  coat  of  the  concrete  work  in  the  piers  was 
$5.40  per  cu.  yd.,  the  contractor  furnishing  all  materials  and  forms.  From 
the  detail  drawings  the  cubical  contents  of  the  piers  are  foimd  to  be  as  follows: 
4  pile,  6.3  cu.  yds.;  5  pile,  6.8  cu.  yds.;  7  pile,  8.0  cu.  yds.;  and  9  pile,  8.7  cu. 
yds.    At  $5.40  per  yd.  the  cost  of  the  concrete  work  in  place  was  as  follows: 

4  pile  6.3  ou.  yds.  at  $5.40  »  $34.02  or  $8.50  per  pile. 

5  pile  6.8  cu.  yds.  at  $5.40  -  $36.72  or  $7.34  per  pile. 
7  pile  8.0  cu.  yds.  at  $5.40  »  $43.20  or  $6.17  per  pile. 
9  pile  8.7  cu.  yds.  at  $5.40  »  $46.98  or  $5.22  per  pile. 
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The  average  price  per  pile  for  the  concrete  cap  and  the  pier  from  ci^  to 
footing  grade,  was  $7.15. 

Recapitulation, — From  the  foregoing  figures  the  following  table  sunmiariziDg 
the  cost  of  a  pQe  in  the  yarious  size  piers  is  obtained: 

Cost  per  mile 
Item  ,  4  pile         5  pile  7  pile  9  pQe 

Driving  and  foUowinc $10.21     $10.21  $10.21  $10.21 

Sawihg  heads 0.38          0.38  0.38  0.38 

Excavating  and  backfill 9. 65          9.08  7. 51  6.71 

Concrete 8.606        7.84  6.17  5.22 

$28,745  $  27.01     $  24.27     $  22.52 
4  5  7  9 

Cost  of  completed  pier $114.98    $136.05    $169.80     $202.68 

Concrete  PUee. — Nmnerous  tests  have  shown  that  where  the  loading  is 
supported  by  slfln  friction,  a  short  tapering  concrete  pile  will  sustain  as  great 
or  greater  a  load  than  a  long  wood  pile  and  for  that  reason  it  was  proposed 
to  use  24  ft.  piles  on  this  work  had  concrete  piles  been  selected.  In  tests  made 
in  just  such  soil  conditions  as  existed  in  this  case,  it  was  demonstrated  that  the 
concrete  piles  could  stand  from  two  to  three  times  the  loading,  without  settle- 
ment, that  the  wood  piles  could  carry,  but  in  order  to  be  conservative  50  per 
cent  greater  loading  is  assumed  for  a  comparative  basis  of  cost.  The  cost  of 
a  4  pile  cluster  (assuming  same  loading  as  on  wood  piles)  of  concrete  piles 
would  be: 

Piling.  4  at  $24 $  96.00 

Excavation  for  cap  at  2  cu.  yds.  at  $1.00 2. 00 

Concrete  in  cap  2  ou.  yds.  at  $5.40 10. 80 

$108.80 

Assuming  50  per  cent  greater  bearing  power,  piles  to  be  driven  on  2  ft 
centers,  the  cost  of  a  4  pile  cluster  would  have  been: 

Piles,  3  at  $24.00 $72.00 

Excavation,  2  cu.  yds.  at  $1.00 2.00 

Concrete  cap,  2  at  $5.40 10. 80 

$84.80 

This  is  a  saying  of  approximately  26.5  per  cent  of  the  initial  cost  of  the  wood 
piles.  Upon  the  same  premises,  the  cost  of  the  different  size  piers  would  have 
been  as  follows: 

Cost  or  Concbsts  Piub  Pisbs 

Number  of  wood  piles 4  5  7  9 

Cost  of  concrete  piles $72.00  $96.00  $120.00  S144.00 

Cost  of  excavation 2.00  2.00  3.00  8.00 

Cost  of  cap 10.80  10.80  16.20  16.20 

Total  cost $84.80    $108.80     $130.20     S163.20 

A  comparison  of  the  cost  of  the  complete  wood  pile  piers  necessary  to  take 
care  of  the  same  loading,  with  the  concrete  piles  and  the  per  cent  saving  in 
Initial  cost  in  favor  of  the  latter  is  shown  in  the  following  table: 
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8izm  or  Wood  Pilb  Pibbb 

4-pile  5-pile  7-pil6  9-pile 

Concrete 84.40         108.80        189.20         163.20 

Wood 114.98         136.06         169.89         202.68 

Per  cent  saving  in  initial  coet. .. .  26.4  19.45        -18.1  19.5 

It  is  evident  from  the  above  figures  that  a  sieving  of  over  20  per  cent  of  the 
initial  cost  of  the  fovidation  work  would  have  been  effected  by  the  use  of 
concrete  piles,  under  the  conditions  which  existed  on  this  job.  This  saving 
is  brought  about  by  avoidance  of  expensive  excavation  and  deep  concrete 
piers  necessitated  by  the  wood  piling  and  would  be  approximately  the  same 
percentage  in  the  nine-pile  cluster,  as  it  is  in  the  four-pile. 

On  further  analysis,  it  would  appear  that  where  the  ground-water  line  is 
8  ft.  or  more  below  grade,  the  initial  cost  of  the  foundation  woilc  below  grade 
would  be  less  if  concrete  piles  were  selected  in  preference  to  wood,  although 
the  cost  oi  concrete  piles  would  be  $1  per  foot  and  wood  piles  25  cts.  per  foot 
driven. 

Output  of  Steam  Pile  Drivers  on  Foundations  of  the  Field  Museum  of  Natural 
History. — ^Engineering  and  Contracting,  Nov.  24,  1916,  gives  the  following: 

The  concrete  piers  of  this  building  are  supported  on  clusters  of  wood  piles. 
These  piles  are  60  ft.  long,  of  Georgia  pine,  and  are  almost  perfectly  straight. 
They  are  9  ins.  in  diameter  at  the  tip,  and  vary  from  16  to  22  ins.  in  diameter 
at  the  butt,  averaging  about  18  ins.  The  total  number  of  piles  required  is 
9,320.  Pile  driving  was  begun  July  29,  1916,  and  8,100  piles  had  been  driven 
up  to  Nov.  10.  Three  steam  drivers,  equipped  with  70-ft.  leads,  are  being 
used  for  this  work.  As  the  piles  are  cut  off  at  elevation — 1  ft.  9  ins.  (the  eleva- 
tion of  the  pier  bases  being — 2  ft.  6  ins.)  it  is  necessary  to  use  followers  in  all 
cases.  The  piles  are  driven  through  from  about  16  to  26  ft.  of  clay  fill, 
through  a  thin  strathm  of  wet  sand,  then  through  from  20  to  30  ft.  of  soft  blue 
clay,  into  strata  of  stiff  to  hard  blue  day  and  gravel.  All  piles  are  driven 
practically  to  refusal  at  these  depths.  With  the  exception  of  about  two  weeks, 
during  which  time  it  was  impossible  to  secure  delivery  of  piles  on  account  of 
floods  in  the  South,  pile  driving  has  continued  without  interruption. 

Each  driver  has  averaged  from  30  to  36  piles  per  day  of  ten  hours,  the  pile 
driving  crew  consisting  of  7  men,  in  addition  to  those  whose  duty  it  is  to  pre- 
pare the  piles  for  driving  and  to  bring  them  to  the  driver. 

Cost  of  Pedestal  Concrete  Piles. — Fig.  9,  and  the  following  explanation, 
describing  the  method  of  forming  pedestal  piles,  are  given  in  the  official 
Bulletin,  Investigating  Committees  of  Arcliitects  and  Engineers. 

1.  A  core  and  cylindrical  casing  are  first  driven  to  the  required  depth. 

2.  The  core  is  now  removed  and  a  charge  of  concrete  dumped  to  the  bottom 
of  the  casing. 

3.  The  core  is  now  placed  on  the  charge  of  concrete  and  the  casing  is  raised 
to  permit  the  forming  of  the  pedestal. 

4.  The  core  is  now  used  as  a  rammer,  to  compress  this  concrete  into  the 
surrounding  soil.  The  process  is  repeated  until  the  base  is  as  large  as  can  be 
formed  under  the  compression  caused  by  the  action  of  a  Vulcan  steam  hammer. 

5.  The  enlarged  base  being  completed,  the  casing  is  filled  to  the  top  with 
concrete  and  is  then  removed  with  the  core  and  hammer  (approximately  6  tons) 
resting  on  the  concrete. 

6.  The  final  step  is  to  withdraw  the  cylindrical  casing  from  the  ground. 
The  completed  pedestal  pile,  consisting  of  a  monolithic  concrete  column  16 
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Inehes  in  diameter  aurmouDtlllG  ti  broad  base  or  pedealal,  is  ttaits  left  Id  the 

grouiid. 

The  following  nimmailea.  of  coot  uid  working  condltiooB  on  two  trpical 
ioba  where  pedestal  concrete  piles  were  used,  were  prepared  by  J.  H.  Ttaomlej, 

clilet  engtiieer.  MacAitbur  Concrete  Pile  &  Foul)dBtl<«i  Co. 


1.  LooBtioD  of  Job:  Wst  Onui(e  N.  J. 

2.  Own«n:  Wud  Baltiiic  Campany 

3.  Contracton  for  wkom  work   wu  done:  John 
PatMwin  N.  J. 

4.  Noiabsi  of  pila  in  iob;  463 

5.  Averue  length:  IS  feet 

e.  Hlei  in  gioupB  of:  7  and  S 
7.  DistancB  between  pierai  18  feet  one  way — Z3  It 
S.  Pile  Bcntna:  S  foot  0  iucba    . 
0.  Bwl  cooditlona;  Ssnd  snd  latve  boulden 
10.  Remaika:  Very  hsid  driving — »arat  poewble  ci 


15.  Coet  of  Msterisi:  tZ .  03  per  barrel  of  cement 

2. 7fi  per  eii.  yd.  of  sand  and  gravd 

1.  Location:  of  Job:  Clifton,  Suten  Island 

2.  Ownara:  Pouefa  Terminal  Company 


.  fJumbet  of  piles  in  job;  757 
I.  Average  length:  22.S  ftet 
k  .Pitea  in  groupe  of:  10  to  21 
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7.  Difltanoe  between  piers:  20  feet  both  ways 

8.  Pile  centres:  2  foot  six  inches 

9.  Soil  conditions:  Clay  and  sand 

10.  Remarks:  Moderate  to  hard  driving. 

11.  Total  footage:  17.282 

12.  Total  Cost:  S24  140.00 

13.  Cost  per  foot  of  pile:  $1.40 

14.  Wages  paid:  Foreman $52. 25  a  week 

Engineers 62. 25  a  week 

Pile  drivw  men. 1 . 00  an  hour 

Concrete  labor .  78  an  hour 

15.  Cost  of  Material:  $2.85  per  barrel  of  cement 

2.75  per  cu.  yd.  of  sand  and  gravel  aggregate 

Mr.  Thomley  states,  that  under  average  conditions  and  with  wa^  rates 

as  shown,  the  average  price  per  foot,  for  driving  and  forming  complete^approxi^ 

mately  500  pedestal  piles,  would  be  as  follows : 

Wages   per  8-hr.    day 

Foreman $10. 00 

Engineer 9.00 

Pile  driver  men 7 .  00 

Concrete  labor ^ , 3.60 

Length  of  pile,  ft.  Prioe  per  it. 

10  to  20  $1.60 

20  to  30  1.30 

30  to  42  1.20 

42  to  50  1.25 

Rapid  l>rivinc  of  Raymond  Concrete  Foundation  Piles. — Engineering 
News-Record,  July  12,  1917,  gives  data  regarding^  the  speed  developed  in 
driving  3776  Raymond  Concrete  Piles  for  the  footings  <if  the  large  storage 
building  constructed  at  the  beginning  of  the  war  at  the  Brooklyn  Navyyte'd. 
Four  pQe  drivers  were  used  and  were  operated  continuously  with  the  ezxjeption 
of  Sundays,  three  8-hr.  shifts  being  run  on  week  days  and  three  4-hr.  tiiifls  on 
Saturday. 

The  average  penetration  of  the  piles  Wfts  22.85  ft.  fUid  ih.6  average  number  of 
piles  driven  by  each  driven  crew  iier  8-hr.  shift  was  21. 

The  piledrivers  used  by  the  contractor  were  steel-frame  turntable  machines, 
equipped  with  two-drum  hoists  and  No.  1  Raymond  steam  hammers.  They 
travel  on  a  nest  of  rollers  imder  the  base  of  the  turntable.  A  timber  runway 
has  to  be  laid  for  them.  This  type  of  rig  is  considered  the  most  rapk!  ever 
developed,  and  this  in  spite  of  the  fact  that  Raymond  piles  are  more  difficult 
to  drive,  on  account  of  the  process  involved,  than  wood  pUes  The  core  on 
which  the  shells  are  assembled  before  driving  weighs  about  8800  lb.  and,  fur- 
thermore, must  be  withdrawn  after  eadl  pile  is  driven.  A  record  for  the  num- 
ber of  piles  driven  in  a  single  shift,  whic^  il  Is  thought  has  never  been 
approached  under  similar  conditions,  was  established  in  19W,  when  one  of 
these  machines  drove  119  twenty-fobt  piles  in  10  hours  at  the  pkmt  of  the 
Chevrolet  Motor  Co.  In  Hint,  Michigan. 

Cost  of  a  Damp-proof  'nmber  Floor. — ^In  Engineering  News,  Aug.  27, 
1914,  J.  Albert  Holmes  gives  th^  following: 

The  floor  was  laid  in  the  bastoient  of  a  manufacturing  buildhig  on  the 
natural  earth,  hardpan  and  sand,  without  underdrains,  and  carrying  madtin- 
ery,  round  steel  in  racks  and  square  steel  piled  solid  in  storage. 

The  owner,  wishing  to  secure  a  long-4ived  floor,  purchased  kyanized  hem- 
lock for  the  3-in.  underfloor  and  had  two-ply  felt  anda  layer  of  pitcdi  idaoed 
100 
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between  the  plank  and  top  flooring.  The  ground  was  pr^ared  by  the  con- 
tractor for  the  building  by  rolling  or  puddling,  therefore,  the  costs  given  in  the 
accompanying  table  are  for  materials  and  labor  above  the  groimd. 

*  The  soft-coal  cinders  used  for  the  foundation  course  were  purchased  from 
the  railroad  and  delivered  in  cars  on^a  siding  from  which  they  were  shoveled 
directly  into  the  basement  where  used.  Materials  were  delivered  and  the 
work  performed  in  the  whiter,  so  that  storage  hi  the  basement  obviated  the 
necessity  of  heating  the  cinders  when  mixed  with  the  tar.  Tar  was  purchased 
from  the  local  gas  works  and  14  gaL  used  per  cu.  yd.  of  cinders. 

The  cinders  were  spread,  rolled  and  tamped  to  a  thickness  of  4  in.;  the 
shrinkage  from  measurement  in  cars  to  place  was  36%.  Sand  and  tar  were 
heated  outside  the  building  and  mixed  in  the  basement.  This  mixture,  while 
¥rarm,  was  spread  over  the  cinders  and  so^eded  off  H  in.  above  the  bottom  of 
the  plank;  planks  being  laid  to  grade  for  screeding.  Into  the  sand  while 
still  warm,  the  3-in.  planks  were  firmly  bedded  by  ramming. 

For  specially  prepared  tars,  50  to  60  gal.  per  yd.  of  sand  are  specified.  On 
this  work  the  greatest  amount  of  tar  that  the  sand  could  be  made  to  contain, 
without  making  a  soft,  wet  mixture,  was  35  gal.  per  cu.  yd.,  the  same  kind  of 
tar  being  used  in  both  cinders  and  sand.  The  writer  has  knowledge  of  floors 
where  the  tar  has  come  up  through  the  joints  in  both  plank  and  top  floor  due, 
no  doubt,  to  an  excess  of  tar  in  the  sand. 

The  difference  in  volume  of  sand  in  place  and  in  carts,  due  to  compression 
and  to  inequalities  of  surface  of  cinder  layer  was  68%.  The  plank  was  3-in. 
kyanized  hemlock,  planed  one  side  to  a  uniform  thickness  of  2H  in.  and  not 
less  than  6  in.  wide,  random  lengths,  square  edged  and  saw  butted ;  laid  to 
break  joints  and  toe  nailed  but  not  driven  tightly  together.  There  was  no 
loss  of  plank  by  cutting. 

Over  the  plank  were  placed  two  layers  of  felt  and  one  of  pitch.  The  felt 
weighed  14  lb.  per  100  sq.  ft.  and  was  laid  to  break  joints  one-half  the  width 
«f  the  sheet;  no  pitch  was  allowed  to  come  in  contact  with  either  plank  or  top 
floor.    The  loss  in  area  of  felt  due  to  lapping  was  21%. 

Over  the  felt  and  at  right  angles  to  the  plank  was  laid  amaple-top  floor  iHe 
in.  thick.  This  flooring  was  square  edge,  3  in.  wide,  and  nailed  with  10- 
penny  finish  nails  through  the  top  every  8  in.  on  alternate  sides. 

The  waste  and  shrinkage  due  partly  to  laying,  but  mostly  to  manufacture, 
was  40%;  in  other  words,  while  the  market  price  of  the  flooring  was  $45  per 
M,  the  shrinkage  in  manufacturing  that  must  be  paid  for,  plus  a  small  loss  by 
waste  in  laying,  brought  the  cost  up  to  $63  x)er  M.  Builders  are  familiar  with 
shrinkages  hi  manufactured  lumber,  bu^  engineers,  not  having  occasion  to  use 
it  so  frequently,  are  not  so  familiar  and  are  surprised  when  as  for  instance, 
they  purchase  5-in.  V-sbeathing  for  building  a  fleld  office,  to  flnd  that  it  covers 
a  width  of  only  syi  in.  and  that  tbe, Western  rules  for  inspection  of  hard  pine 
allow  H  in.  less  than  the  Eastern,  which  in  turn  allow  an  H-hi.  or  more,  less 
than  fuE  dimension  for  square  timber  and  plank. 

Referring  to  the  accompanying  table,  the  quantities  are  the  quantities 
purdiased  in  the  market,  as  for  instance,  4  in.  of  cinders  in  place  amount  to 
0.151  cu.  yd.  measured  in  cars,  or  36%  more  than  the  place  measurement  and 
similarly  for  sand,  felt  and  top  floor,  there  behig  no  loss  in  laying  the  3-in. 
plank. 

In  this  work^  tw^o  distinct  classes  of  labor  or  trades  were  employed,  roofers 
hi  this  case  and  carpent^,  and  though  they  worked  together,  their  organiza- 
tions were  separate.    Por  this  reason,  the  combined  it^ms  for  superintendence 
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is  high  and  that  lor  superintendenoe  of  roofers  unnecessarily  so.  Reducing 
the  item  for  superintendenoe  of  roofers  and  using  untreated  plank  and  leaving 
out  the  felt  and  pitch  between  plank  and  top  floor,  the  cost  would  be  reduced 
its  shown  in  the  last  coltimn  of  the  table. 

Cost  of  Granolithic  Floor. — John  T.  Sullivan  in  Engineering  News-Record, 
April  4.  1918,  gives  the  following: 

A  unit  cost  on  concrete  floor  finishing' (rf  58c.  for  100  sq.  ft.  was  recently 
attained  on  the  first  floor  of  the  new  Charles  Shannon  Building  in  Cincinnati. 
The  entire  job,  consisting  of  3325  sq.  ft.  was  cleaned  up  by  four  laborers  and 
two  finishers  within  nine  hours.  Work  started  at  7  a.  m.  Two  laborers 
mixed  the  finishing  material — one  wet  batch  and  another  dry  batch — using 
iron  mortar  boxes .  Two  other  laborers  roughened  the  floor  with  wire  brooms, 
the  floor  having  been  poured  the  previous  day.  As  soon  as  the  first  batch 
was  ready,  one  of  the  laborers  was  used  to  wheel  the  finish  in  on  the  floor. 

One  finisher  spread  the  batch  while  the  second  finisher  leveled  it  off  with 
a  6-ft.  screed.  The  first  finisher  then  floated  the  siuface  with  a  long  home- 
made float  and  with  a  hand-float.  The  second  flnisher  then  spread  and 
screeded  continuously  while  his  partner  worked  on  floating.  At  2  o'clock  the 
whole  floor  was  spread  and  screeded,  so  both  finishers  worked  with  the  floats 
until  the  floor  was  flnished  at  4: 30  p.  m.  The  laborers  used  on  mixing  and 
wheeling  were  put  on  other  work  as  soon  as  their  task  was  completed.  Here 
is  a  summary  of  the  costs:  - 

Two  laborers  to  mix,  7  a.  m.  to2p.  m.,  6H  hr.  each  at  SOots.  per  hr.  «  $  3.90 

One  laborer  to  wheel  finish  onto  floor,  OH  hr.  at  30  ots.  per  hr.  » 1 .  95 

One  laborer  to  broom  and  use  big  float,  8K  hr.  at  30  ets.  per  hr-  -> . . .  2. 55 

Two  finishers,  9  hr.  each  at  60  cts.  per  hr.  - 10.80 

Total  labor  cost $19.20 

Total  area -  35  X  95  ft.  -  3,  325  sq.  ft. 

Unit  cost -  $19.20  -  58 cts.  per  lOOsq.  ft 

3,325 
One-half  hour  was  taken  for  lunch. 

Cost  of  Resurfacing  Concrete  Floors. — C.  L.  Samson,  gives  the  following 
data  in  Engineering  and  Contracting,  Nov.  29,  1911. 

Both  floors  as  originally  laid  consisted  of  13/16  in.  maple  flooring  nailed 
to  2  X  4  in.  pine  nailing  strips  laid  in  concrete.  Concrete  was  flush  with  the 
top  of  nailing  strips.  In  seven  years  time  the  nailing  strips  rotted  out  and  the 
maple  came  loose.  It  was  decided  to  remove  the  maple  flooring  and  surface 
the  underlying  concrete. 

The  item  "cleaning  floor,"  consisted  of  removing  the  maple,  picking  out 
remains  of  nailing  strips  and  scrubbing  surface  of  old  concrete  to  receive  the 
flnish.  It  was  the  intention  to  make  the  flnish  1  in.  thick  but  the  old  floor 
was  uneven  so  that  in  some  cases  the  flnish  was  1^  ins.  thick,  while  in  other 
places  the  old  concrete  had  to  be  picked  out  and  renewed.  The  amount  of 
crushed  stone  used  will  serve  as  a  rough  indicaticm  of  the  amount  of  concrete 
removed  and  replaced. 

The  form  work  mentioned  was  over  a  tunnel  and  formed  a  slab  4  X  16  ft. 
which  was  reinforced  by  K  i&-  round  rods. 

The  flrst  floor  was  finished  with  what  was  s(dd  to  us  as  Wisconsin  Granite 
chips.  It  proved  to  be  littie  more  than  sandstone  and  did  not  make  a  satis- 
factory floor.    It  flnished  beautifully  but  the  floor  was  so  soft  that  the  ^ass 
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soon  wdre  rough  under  truddng.  Tlie  raixtuHe  of  finish  was  1  of  Portland 
cement  to  IH  "  Wisconsin  Gruiite." 

The  same  mixture  was  used  on  the  sedond  floor  excepting  that  common  sand 
was  used  instead  of  the  granite.  No  irtouUe  wta  experienced  in  either  case 
in  getting  the  finish  to  sticlatothe  old  concrete.  l%e  old  concrete  was  slushed 
with  a  neat  cement  grout  befote  applying  the  finish. 

The  first  floor  was  laid  fai  ^ehruar^  and  the  second  hi  June  while  the  we&ther 
was  very  wann.  The  intense  heat  is  largely  responsible  for  higher  cost  per 
square  foot  of  the  second  floor.  The  second  floor  also  contained  one  reinforced 
concrete  slsb'  13  ft:  square  and  7  in.  thick.  The  cost  tA  the  first  fioor  was  as 
fofiows: 

Labor: 

CoBt  of  cleaning  old  floor  for  concrete '......  $  89. 93 

Cost  of  bringing  in  material 36.53    '      ' 

Cost  of  mixing  board,  floats  and  straightedge 1 .43 

Coat  of  setting  screeds 7 .  15 

Cost  of  forms  around  two  tunnel  doors 12. 20 

Cost  of  finishing 45. 59 

Total  cost  of  labor $192.73 

Material: 

82^  barrels  Portland  cement $  74.47 

15  yds.  crushed  granite 58. 50 

5  yds.  sand , . . . ^ 6. 25 

10  yds.  crushed  stone 13. 00 

Cartage , 21 .  12 

Total  cost  of  material $173.34 

Grandtotal .r ♦ t....,r-.  $3§6»,07      . 

The  rates  of  wages  paid  were :  Common  labor,  25  cts.  per  hour,  and  carpenter 
labor,  30  cts.  per  hour.  The  area  of  floor  laid  was  5,120  sq.  ft.,  and  the  cost 
I)er  square  foot  was  $0.0710.  The  cost  of  the  second  floor  similar  to  above 
was  as  follows: 

Total  cost  of  labor  at  25  ots $203,31 

Cost  of  material: 

68?i  barrels  Portland  cemetat. 61 .88 

25  yds.  sand. 37.50 

16  yds.  stone 24.00 

1140  lbs.  twisted  steel 29. 64 

Total  cost  of  material $153. 02 

Total  cost  of  floor 1356.33 

a 

The  area  of  floor  laid  was  4,217  sq.  ft.  and  the  cost  per  square  foot  was 
$0,084. 

Labor  Cost  of  Lajring  Concrete  Basement  Floor,  Columbus,  Hiss. — C.  L. 
Wood,  in  Engineering  and  Contracting,  Sept.  14,  1910,  gives  the  following: 

The  floor  covered  a  12  X  200  ft.  hallway  and  nine  side  rooms  ranging  in  area 
from  ^59  to  2,069  sq.  ft.  the  total  area  being  12,952.2  sq.  ft.  The  total  thick- 
ness of  the  floor  was  6  Ins.,  composed  of  4-in.  base  of  1;3:5  concrete,  and  a<2-in. 
BuMace  of  l'J2  mortar.  The  aggregates  were  sand  and  gravel.  Tlie  founda- 
tion was  4  ins.  of  screened  coal  cinders,  wet  and  tamped.  The  sand  and 
grav^  was  delivered  in  piles  opposite  the  windows  of  the  basement;  cement 
was  stored  in  one  room  and  limiber  was  delivered  in  piles  opposite  the  doors. 
The  contract  for  laying  included  all  labor  and  supervision  necessary  to  the 
finished  floor,  with  materials  purchased  and  delivered  as  mentioned,  and  with 
free  use  of  shovels  and  wheelbarrows,  and  of  water. 
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Tbe  ttDscreened  sand  and  gravel  was  Bhoveled  into  the  roamB  thrbui^  the 
basement  windows,  screened  and  moved  with  wheelbanows  to  the  mixing 
boards,  which  were  set  in  the  hall  at  two  points  of  which  there  weie  water 
eonnecti<ms.  Th^  mixing  was  done  by  hand,  working  4  men  <m  the  mixing 
board  and  1  man  At  the  mortar  box.  lights  wey<9  necessary,  but  as  all  worlc 
was  mider  cover,  no  delaya  were  caused  by  rain.  The  gang  consisted  of  1 
foreman,  who  was  tlie  contractor  and  tonn  aeiUe^,  I  finisher,  1  mortar  mixer, 
and  from  7  to  12  laborers.  A  10-hour  day  was  worked,  the  finisher  requiring 
extra  time,  since  all  work  was  completed  the  same  day  that  it  waa  begun. 
The  job  was  completed  in  6  calendar  weeks  and  2  days.  The  work  of  electric 
wiring,  steam  piping,  laying  drain.  etC/,  was  in  progress  at  the  same  time  as  tbe 
floor  construction,  which  greatly  hindered  the  progress  of  the  concrete  woric 
and  in  the  narrow  quarters  made  necessary  a  small  working  party.  The 
foUow^  was  the  cost  of  the  work: 


• 


2.010H  his.  common  labor  at  10  cts $201 .  05 

276.4      hra.  mortar  mixer  at  12H  ots 34 .  05 

206.86    hra.  finisher  at  27H  cts 81.50 

32         days  foreman  at  $5 160.00 

Total $477.50 

Profit $  50.00 

Contract  price $527.84 

The  cost  per  square  foot  of  floor  was  3.71  cts.  and  the  contract  price  was 
3Kct8. 

Cost  of  Concrete  Arch  and  I-Beam  Power  House  Floor. — ^The  following 
itemized  account  of  the  cost  of  a  floor  built  in  a  power  house  in  Lincoln 
Park,  Chicago,  in  1909  is  taken  from  Engineering  and  Contracting,  March  15, 
1911. 

The  floor  waa  20  x  25  ft.  in  area  and  was  made  of  10-in.  I-beams,  spaced  5 
ft.  on  centers.  The  concrete  was  11  ins.  thick  at  the  beams  and  was  arched 
between  the  beams  so  that  the  thickness  of  the  concrete  was  5  ins.  at  tbe  crown 
of  the  arch.  The  area  of  the  floor  was  500  sq.  ft.,  but  a  stair  space  reduced 
the  area  of  concrete  placed  to  475  ft.    The  total  cost  was  $208. 

Per 
Labor:  ^  sq.  ft. 

2  4ay8  engineering  at  $3.70 $0.0156 

1  day  superintendent  at  $3.25 0. 0009 

16  days  labor  at  $2 0.0031 

13H  hrs.  finishers  at  28  cts 0.0079 

64  hrs.  carpenters  at  60  cts 0. 0806 

4  hrs.  mason ^ 0.0063 

Total $0. 1796 

Matcnials: 

Lumber $0.0586 

10-in.  I-beams , 0. 1053 

17H  bbls.  cement  at  $1.35 0. 0479 

10  cu.  yds;  gravel  at  $1.65 0.0347 

6  o«.  yds.  torpedo  sand  at  $1.35 0.0170 

Total $0.2575 

Grand  total $0.4371 

Cost  of  Concrete  Balcony  Floors  of  the  Lockport  Power  House,  Chicago 
Drainage  CanaL — ^In  Engineering  and  Contracting,  May  25,  1910,  L.  K. 
Sherman  gives  the  following. 
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The  work  was  done  by  day  labor  and  consisted  of  pladng  the  concrete  in 
two  balconies,  one  abo\e  the  other,  869  ft.  long  l^  26.5  wide.  The  steel 
frame  and  coltmms  of  the  balcony  floors  was  elected  by  contract. 

Fig.  10  shows  a  section  of  the  floor,  which  is  composed  of  concrete  arches 
covering  the  spans  between  the  18-in.  I«beams  and  supported  by  the  lower 
flanges  of  the  I-beams.  The  floor  arches  were  5  ins.  thick  at  the  crown,  with 
elliptical  intrados.  The  concrete  was  mixed  in  the ,  prop6rtio|i  of  1  part 
Portland  cement,  2H  parts  limestone  screenings  under  H-in.  size,  and  4H 
parts  crushed  stone  ranging  from  H.  to  IK  ins.  The  floor  surface  was  made 
with  a  "granolithic"  finish  of  mortar  composed  of  1  part  cement  ^o  2  parts 
torpedo  sand,  placed  from  1  in.  to  IH  ins.  thick.  The  granolithic  surface  was 
invariably  placed  before  the  concrete  had  an  initial  set,  although  this  required 
night  work  of  the  finishers  at  times.  Contraction  grooves  were  cut  in  the 
floor  above  each  I-beam. 

FiQ.  10. — Section   of  balcony   floor  showing  forms,  Lockport  Power  House. 

Concrete  and  Finishing. — The  mixed  concrete  (1-2H-4H)  was  purchased 
from  the  general  contractor  for  the  power  house  at  $5  per  cu.  yd.  at  the  mixer. 

The  concrete  was  hauled  from  the  mixer  to  the  elevator  in  a  IH  cu.  yd. 
Western  dump  car.  The  car  was  hoisted  to  the  balcony  floor,  run  out  on  a 
short  piece  of  track  and  dumped  on  a  receiving  platform.  The  empty  car 
then  returned  to  the  mixer.  Concrete  was  carried  from  the  receiving  plat- 
form and  placed  in  the  work  with  wheelbarrows. 

The  mortar  for  granolithic  surface  was  mixed  in  a  box  near  the  receiving 
platform.  The  cement  flnishers  followed  immediately  after  the  concrete 
gang.  The  expanded  metal  reinforcement  was  placed  on  the  forms  and  cov- 
ered uniformly  with  about  2  ins.  of  soft  concrete.  The  expanded  metal  was 
then  pulled  up  from  the  form  with  hooks  and  shaken  slightly,  so  that  the  mor- 
tar ran  through  the  mesh  and  kept  the  reinforcing  about  1  in.  away  from  the 
lower  surface. 

The  remaining  concrete  was  then  tamped  in  place.  Some  reinforcing  bars 
were  used  about  the  floor  openings.  The  work  was  done  in  February,  March 
and  April,  1907.  Common  labor  received  17 H  cts.  per  hour  in  February  and 
March  and  20  cts.  per  hour  in  April.  During  freezing  weather  heat  was 
supplied  with  four  salamanders  burning  coke.  These  fires  were  placed  under 
the  section  of  new  concrete  floor  and  canvas  curtains  were  hung  around,  so 
as  to  confine  the  heat  to  the  required  section. 

A  typical  force  during  the  period  of  placing  concrete  work  was  as  follows: 

1  Foreman.  • 

1  Motor  man. 

1  Car  man. 

1  Carpenter  on  reinforcing  and  minor  form  fitting. 

1  Laborer  on  reinforcing  and  minor  form  fitting. 
12  Laborers,  wheeling  and  placing  concrete. 

2  Cement  finishers  on  granolithic  surface. 

1  Mortar  mixer  on  granolithic  surface. 

2  Mortar  wheelers  on  granolithic  surface. 


1602  HANDBOOK  OF  CONSTRUCTION  COST 

CMfl.*-Tti»  cost  ci  the  work  is  given  In  the  acoompanyiiig  itemised  tabula- 
tion. The  total  cost  was  S7»827.60,  or  42H  cts.  per  square  foot.  Tbe  &aigi- 
neer '8  estimate  was  $8, 128.    Thib  only  Ud  received  was  $1 1,000. 

Plakt 
£levator: 

Ca«e $       44.00 

Guides,  lumber 37 .  62 

400  ft.  H-in-  wire  rope  mad  fittingB 26 .  26 

3  16411.  sheaves. 26.40 

H-in.  snatch,  block 12 .  00 

ibor 43 .  55 


Ux 


$  189.82 

Hoistinc  winob: 

1  Shannon  double  purchase  winch I  100. 00 

1  42-in.  wood  pulley 8 .  10 

26  ft.  2H-iu.  rubber  belt 2. 86 

FS^ht 7.00 

Repairs  aad  fittings ^ 8 .  37 

Labor  placing 5 .  00 

$  131.33 

Salvage  on  winoh 75 .  00 

$  56.33 

Eleetrie  motor: 

Rent  of  motor  2  hp.  220-volt  D.  C I  25. 94 

Lidxir  placing 5.71 

Labor  electrician. . , ., 20. 00 

$  51.65 

Electric  Current:  6  ots.  hp,  hour 76. 58 

Track* 

Rent  of  800  lin.  ft.  raU  30-lb. I  25. 00 

Labor  on  track. .28. 38 

$  53.38 

Grand  total 427. 76 

Distribution  of  plant  charge: 

To  concrete  $427.76  X  85  %  » $  361.60 

To  granolithic  surface  $427.76  X  15  %  « 66 .  16 

Total $  427.76 

Cost  of  Balcony  Floors 
Forms: 
Lumber: 

1 1.000  B.  M.l  X6-in.D.db  M.  lagging  at  $25.00..  $  275.00 

2.220  B.  M.  2  X  10^.  3.  l.  S.  stringere  at  $30.00.  66. 60 

1,500  B.  M. misc^rough lumber 28. 19 

316  ribs  for  lO-ft.  span  at  66  cts 208. 56 

99  ribs  for  8-ft.  span  at  62  cts 61.88 

48  ribs  for  4-ft.^ span  at  6a9  ots 94.42 

$  664.15 

Bolts,  tools  etc.: 

1.000  ^-in.  hook  bolts  at  8  cts .' $  80.00 

9  kegs  nails 24.58 

Sheet  iron 15. 15 

Tools 9.86 

$  129.68 

Total  form  materials $  793. 78 
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L^or: 

Bailding  and  Moving  Forms: 

Foreman,  29  days  at  $4.00 $  116.00 

Carpenters,  39.6  days  at  $4.60 177. 75 

Carpenters,  61.1  days  at  $3.60 173. 85 

Carpenters.  110.2  dasrs  at  $3.00 380. 60 

Laborers,  66  davs  at  $1.76 116. 49 

Laborers,  17.3  days  at  $2.00 34. 60 

Craneman,  1  day  at  $2.60 2. 60 

$  966.79 

Total,  Forms $1,749. 62 

Concrete: 

470  cu.  yds.  concrete  mixed  material  in  car  at  mixer 

at  $6.00 $2,360.00 

Tools 56.61 

$2,406.61 
Labor  Placing: 

Foreman.  33  days  at  $4.00 $  132.00 

Motorman,  46  days  at  $2.00 90.00 

Laborers,  66.6  days  at  $1.75 98.88 

Laborers,  180  days  at  $2.00 360.00 

$  680.83 
Plant  Charge: 

See  "Plant" $  361.60 

Heating  Concrete: 

4  SaJamanders ^v  .^.  $  11.00 

.   2,460  lbs.  coke 12.24 

6  12  X  30-ft.  tarpaulins 54. 60 

$  77.84 

Concrete  total $3, 526. 88 

Reinforcing: 

19.734  sq.  ft.  3-in.  No.   10  expanded  metal  at  3  cts..   $  592.02 

330  lbs.  K-in-  cor.  bars  at  3  cts 10. 61 

685  lbs.  %-in.  rods  at  2M  cts 14. 63 

Cutter  and  sledge 1 .  89 

$  619.05 
Labor: 

1  day,  cement  foreman  at  $5.00 6 .  00 

11  daya,  eesAent  foreman  at  $3^50. j$6..50 

2  days,  motorman  at  $2.00 4 .  00 

7.6  days,  laborer  at  $2.00. 15. 28 

$  ,62..78 

Reinforcing  total $  681 .83 

QranoBthio  surface: 
l^faterials  * 

260  bbls  cement  at  $1.72 $  447120 

Cement  hauling 21 .  33 

do  cu.  yds.  sand  torpedo 56 .  90 

Sand  freight 149. 17 

Tools , 8.24 

$  682.84 
Labor: 

Cement  finisher,  25.1  days  at  $6.00 $  126. 50 

Cement  finisher,  38.36  days  at  $3.60 134. 22 

Cement  finiaher,  20.06  days  at  $3.00 60. 16 

Cement  finisher,  33.00  days  at  $2.25 74 .  25 

Motorman.  11  days  at  $2.00. . 22. 00 

Laborers,  82  days  at  $2.00 169.00 

Laborers,  46.4  days  at  $1.75. . , 81.15 

$  661.27 
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Plant  charge: 

See  "PUnt" S      6«.  16 

Granolithic  total $1 .410.27 

Finishing  Ceiling. 
Labor: 

Cement  finisher.  49  days  at  $5.00 $    245.00 

Cement  finisher,  57  days  at  $3.50 190. 50 

Cement  and  brushes 14 .  50 


$    459.00 


SuiflfABY 


Cost  in  cents 
Total  cost per  sq.  ft.  of  floor 

Forms,  material $    793.73     4.36     

Forms,  labor 955.79  $1,749.52  5.21  9.57 

Concrete,  material  and  mixing 2.850.00     12.82     

Concrete,  placing 1.176.88  3.526.88  6.42  19.24 

Reinforcing 681.81  8.73  3.73 

GranolHfaie      surface,     plant     and 

materials 749.00     4.08     

Granolithic  surface  Ubor 661.27  1.410.27  3.62  7.70 

FinishiBff  oeiling 459.00  2.51  2.51 

Total.    18.317  sq.  ft $7,827.50       •42.75 

•  Cents. 

Cost  of  t-Ia.  SoUd  Metal  Lath  Partitions.— The  following  data  by  A. 
Dixon  ftre  given  in  Engineering  and  Contracting.  Jan.  18.  1911. 

The  figures  on  plastering  are  the  amount  of  completed  three  coat  work  which 
one  mad  can  do  in  one  hour  and  are  based  on  the  average  of  a  gang  of  men  and 
the  total  time  required  to  apply  three  coats  on  a  given  area. 

12-in.  16-in 

stud  stud 

centers       centers 

Steel  channels,  weight  lb.  per  sq.  yd 4.25  3. 00 

Erecting  channels,  sq.  yds.  per  hour 6.0  9.0 

Metal  Uith,  applying,  sq.  yds.  per  hour 6.5  8. 25 

Plastering,  three  coats,  sq.  yds.  covered  per  hour 1 .  25  1 .  25 

Cost  Of  Metal  Lathing  and  Plastdring. — ^The  following  data  are  published 
by  A.  Pixon  in  Engineering  and  Contracting.  Feb.  J,  1911. 

Applying  metal  lath  on  wooden  studs:  An  expert  on  straight  work  will  imt 
on  12.5  to  17.0  sq.  yds.  per  hour.  On  crooked  or  complicated  work  the  same 
man  wiU  put.  on  5  to  7  sq.  yds.  per  hour. 

Applying  metal  lath  on  steel  studding:  One  man  will  put  on  from  5  to  9 
sq.  yds.  per  hour. 

Plastering  on  metal  lath:  First  coat,  from  9  to  14  sq.  yds.  per  hour;  second 
or  scratch  coat,  6  to  9  sq.  yds.  per  hour;  finishing  coat.  11  to  14  sq.  yds.  per 
hour. 

Cost  of  Lajring  Composition  and  Gravel  Roofs. — ^H.  Lundt.  a  roofing  con- 
tractor {Engineering  and  Contracting^  Apr.  12,  1911),  states  that  the  cheapest 
composition  roof  is  3-ply  tar  and  gravel,  using  45  lbs.  of  saturated  felt.  70  lbs. 
of  tar  and  pitch.  H  yd.  of  screened  gravel,  and  lath  and  nails  at  a  total  cost 
for  material  of  $1.50  per  square,  (10  X  10  ft.).  The  labor  cost  of  the  work 
varied  from  $0.40  to  $1  per  square,  depending  upon  the  number  of  squares 
in  each  job.  It  requires  4  men  to  each  gang  of  roofers*  common  labor  receiv- 
ing 25  bts.  and  skilled  labor  50  cts.  per  hour.    This  woidd  make  the  total  coet 
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of  a  3-ply  composition  roof  with  tar  and  graT^l  f^om  $1.90  to  $2.50  per  square. 
This  roof,  for  ordinary  uses,  will  last  from  6  to  Syears. 

A  better  roof  is  a  4-ply  composition  rodf  laid  in  tbe  same  manner  as  a  3-ply, 
but  having  one  extra  ply  or  15  lbs.  more  of  saturated  felt  and  30  Ibs.'taiore  of 
composition  which  will  make  the  total  cost  from  $2.50  to  $3.00  per  square. 
This  class  of  roof  will  easily  last  10  years. 

The  next  better  roof  is  the  soUd  mopped  roof  with  a  cap  sheet  over  the  4-ply, 
laid  as  follows:  Each  of  the  4  layers  of  felt  is  moppied  over  the  entire  surf  ace 
and  laid  8  ins.  to  the  weather.  The  entire  surface  is  then  covered  with  a 
cap  sheet  which  is  coated  with  the  hot  pitch  compound.  In  this  way  every 
seam  of  the  four  layers  is  covered.  Over  all,  the  pitch  and  tar  and  screened 
gravel  is  laid.  I  have  one  of  these  roofs  which  has  been  laid  14  years  without 
recoating.  The  cost  of  labor  and  material  on  this  class  of  roof  is  $4  per  square. 
The  material  used  per  square  is  75  lbs.  of  saturated  fblt,  150  lbs.  of  composition, 
M  cu.  yd.  of  screened  gravel  and  latfa  and  nails. 

Any  of  the  foregoing  roofs  can  be  laid  with  asphlQt  in  the  same  way  that  the 
tar  and  pitch  composition  is  used.  This  will  increase  the  cost  from  $0.75  to 
$1  per  square.  I  put  on  some  of  these  roofs  10  yeaifs  ago  and  they  are  in  good 
condition  today.  *  Asphalt  retains  its  life,  but  the  tar  and  pitch  prumble  tp 
dust  and  require  a  recoating  after  about  5  years.  The  cost  of  recoating  ia 
about  $1.50  per  square.  In  recoating,  Idl  the  loose  gravel  is  swept  off  and  tne 
felt  is  cleaned  of  dirt  and  (fust.  Then  the  composition  is  placed  with  not  less 
than  60  lbs.  to  t^e  square. 

Unit  Costs  of  Factory  Buildings. — ^A  paper  by  W.  E.  King  before  the  Civil 
Engineers  Society  of  St.  Paul  (Engineering  and  Contracting,  Aug.  5,  1914) 
gives  the  following: 

One  story  shop  building  in  fireproof  construction  will  cost  from  $1.25  to 
$2.00  per  sq.  ft.  depending  upon  the  height  of  the  story,  depth  of  footings, 
length  of  spans  and  kinds  of  exterior  finish  used.  Fireproof  buildings  of  more 
than  one  story  may  be  built  for  as  little  as  50  cts.  per  sq.  ft,  of  fioor  area. 

Table  XX. — Some  Costs  op  Dippbrbnt  Types  op  Construction 

Approximate  cost 
Item  Description  per  sq.  ft.  in  place 

Roofs* 
Fireproof: 

1.  3-in.   hoUow  book^tiles  laid  on  steel  T- 
beams,  covered  with  good  prepared  roof- 
ing; including  supports $0. 30 

2.  Corrugated  iron  on  steel,  purlins  including 

supportSi ,,  ,.\ 0. 12 

JVon  Fireproo/:  < 

3.  2-in.  matched  and  dressed  sheathing  laid  on 

wood  or  steel  purlins,  covered  With  good 

prepared  roofing,  including  supports. ...  0. 20 

Walls  12-in.   common  brick 0. 38 

12-in.   with  facing  brick  and  some  architectural 

decorations 0.40-0. 60 

Sash  Underwriters,  glazed  with  ^-in.  wire  glass 1 .  00 

Rolled  steel  sash   glazed  vntk  doublp  strength 

glass 0.40-0.45 

Double  hung  wooden  sash 0. 25-Q.  50 

Sprinkler 
Protection 

Cost  per  sq.  ft.  of  floor  area  covered 0. 05-0. 15 

*  Types  1  and  3  suitable  for  heated  boildings;  type  2  suitable  for  unh^ted 
buildings. 
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FormuUs  for  WeighU  of  Stool  Roof  Truises. — R.  Fleming  (Engineering 
News-Record,  March  20,  1919)  lias  broi^ht  to  a  common  notation  many  of 
the  empiric  formulas  for  determinipg  the  weights  of  steel  roof  trusses. 
The  notations  used  follow: 
T  m  weight  of  truss  -  WSI>; 
W  «  weight  of  truss  in  pounds  per  squaie  foot  of  the  horizontal  projection 

of  that  portion  ot  the  roof  supported  by  one  truss; 
JS   *»  span  or  distance  between  centers  of  sui^orts  in  feet; 
D  «"  distance  between  centers  of  adjacent  trusses  in  feet; 
P   »  loading  of  truss  in  pounds  per  square  feet  of  horizontal  projection  of 

roof; 
U  «"  allowable  average  direct  stress  in  pounds  per  square  inch  (found  only 

in  the  Thayer  formula), 
The  following  list  includes  the  formulas  most  commonly  quoted: 
Cambria  Steel  Co.,  "  Cambria  Steel,"  11th  edition,  1914,  for  spans  of  75  ft. 
or  less. 

T  ■=  5SD 

Carnegie  Steel  Co.,  "Pocket  Companion,"  19th  edition,  1917,  for  loads  of 
40  lb.  or  more  per  square  foot  of  ground  area: 


'^-£^K^+I) 


Fowler,  "Specifications  for  Steel  Roqfs  and  Buildings,"  5th  edition.  1909, 
for  Fink  trusses  up  to  200-ft.  span: 

W  =  0.065  +  0.6  for  heavy  loads 
W  «  0.04iS  +  0.4  for  Ught  loads 

Johnson,  Bryan  and  Tumure,  "Modern  Framed  Structures,"  early 
editions:  W  =  S/26  +  4.0.  In  the  latest  edition,  1916,  the  Ricker,  1907, 
formula  is  used  for  trusses  resting  on  brick  walls,  and  the  Ketchum  formula 
for  trusses  of  steel-frame  buildings. 

Jones  A  Laughlin,  "Standard  Steel  Construction,"  1916: 


40\20      i)/ 


Ketchum,  "Specifications  for  Steel-Frame  Buildings,"  3rd  edition,  1916 
for  trusses  up  to  150-ft.  span: 


45' 


Maurer,  "Cyclopedia  of  CivU  Engineering,"  1908: 

W  =  5/25  +  1 
Merriman,  "Roofs  and  Bridges,"  1888,  1911: 


H  *  b) 


Ricker,  "A  Study  of  Roof  Trusses,"  University  of  niinois  Bulleiln,  No.  16. 
August,  1907: 

IF  -  rr  + 


25       6000 
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Ricker.  "  Design  and  Ck>nstruetion  of  Roofo,**  1912: 

^       S  8* 

W  >»  "  + 

25       12.600 

Thayer,  "Structural  Design,"  Vol.  II,  1914: 

T  -  \—  (48*  +  608) 

y  u  ' 

Trautwine,  "Engineer's  Pocket  Book,"  1911: 

W  -  (0.05  to  0.08)5 

Tyrrell,  "Mill  BuUdings."  1911,  for  roof  load  of  40  lbs.  per  square  foot  of 
ground  area,  bays  10  to  20  ft:,  rafter  slope  6  ins.  to  1  ft.  and  unit  stresses  of 
12,000  compression,  15.000  tension: 

■  S        12 

The  weights  of  trusses  for  other  loadings  and  rafter  slopes  are  obtained  from 
a  series  of  curves. 

Conclusions  regarding  empiiicsA  formulas  drawn  from  estimated  weights  of 
several  hundred  trusses  may  prove  interesting.  Three  light  Fink  trusses 
resting  on  brick  waUs  of  40-,  60-  and  80-ft.  spans,  bays  16  ft.,  load  equivalent 
to  40  lbs.  per  square  foot  of  horizontal  area  imif ormly  distributed  on  the  top 
chord, roof  slopeO  in8.perfoot,weighed  1,370,2,560  and4.320  lbs.,  respectively. 
The  estimated  weights  of  three  trusses  of  the  Warren  type,  same  span  and 
loading,  but  roof  slope  of  1  in.  per  foot,  were  1,500,  2,900  and  4,800  lbs.  The 
weights,  according  to  the  formulas  quoted,  for  trusses  with  same  spans  and 
loading,  are  given  in  Table  XXI. 

Tablk  XXI. — WBioHTa  or  Roof  Tbtomm-^IO-foot  Bats;  Load,  40  Lbs.  Psb 

Squabb  Foot  of  Hobzzontax«  Absa 

W  "■  Weight  per  square  foot  of  area;  T  »  Weight  of  tnm 

40-ft:-8pan      60-ft.  span        80^ft.  span 
Formula  W  T  W  T  W  T 

Cambria 5.00  8,300  5.00  4,800  5.00  6.400 

Carnegie 2.26  1,446  3.05  2,928  3.79  4,851 

Fowler 2.00  1,280  2.80  2,688  3.60  4.608 

Johnson  B.4T 6.60  §,884  6.40  6,144  7.20  9,216 

Jones  db  Laughlin 2.75  1,760  8.75  3.600  4.75  6,080 

Ketchum 2.67  1,709  8.56  3,417  4.44  5,683 

Maurer 2.60  1,664  3.40  3,264  4.20  5,376 

Merriman 3.75  2,400  5.26  5,040  6.76  8,640 

Ricker   1907 1.87  1,197  3.00  2,880  4.27  5.466 

Mcker   1912 1.73  1,107  2.68  2.573  3.71  4,749 

Thayer 2.76  1,760  3.76  3.600  4.75  6,080 

Trautwine 2.00  1,280  8.00  2,880  4.00  5,120 

Tyrrell 2.75  1,760  3,75  3,600  4.75  6,080 

Again,  three  Unk  trusses  of  the  same  span,  si>acing  and  slope  as  before,  but 
with  load  of  66  lbs.  per  square  footof  horizontal  projection,an  increase  of  40%, 
weighted  1,670, 3,200and5,500  lbs. ,  respectively.  Trusses  of  the  Warren  type, 
roof  slope  of  1  in.  to  1  ft.,  weighted  1,900,  3.760  and  6,000  lbs.  The  formulas 
give  weights  for  this  loading  as  in  Table  XXIt. 

The  variation — ^in  some  cases  more  than  100  per  cent— of  weights*  obtained 
from  the  different  formulas  will  at  once  be  noted.  The  values  obtained  from 
a  number  of  the  formulas  depend  upon  the  span  length  alone,  and  are  the  same 
for  all  loadings.  •  Other  formulas  make  the  weight  of  the  truss  vary  directly 
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as  tbe  load,  which  actual  weights  diow  to  be  an  error.  DuBois,  in  ''The 
Strains  in  Framed  Structures/'  gives  a  formula  taking  into  account  tbe  load, 
span,  slope  and  unit  stresses,  but  it  is  too  cumbersome  for  use.  Moreover,  ft 
supposes  the  chords  to  be  of  constant  section,  and  neglects  the  web  membefs, 
assuming  that  these  two  errors  compensate. 

Tablb  XXII. — WsioHTS  OF  Roof  Txussss — 1&-foot  Bats;  Load,  56  Lsa.  Pn 

Squabb  Foot  of  Hobisontal  Abba 

W  ■■  Weight  per  square  foot  <A  area;  T  »  Weight  of  truss 

40-ft.  span        60-ft.  span        80-ft.  span 
Formula  W  T  W  T  W  T 

Cambria 5.00  3.200  5.00  4,800  5.00  6,400 

Carnegie 3.16  2,024  4.27  4,100  6.31  6.791 

Fowler 3.00  1,920  4.20  4,032  5.40  6,912 

Johnson.  B.  db  T 5.60  3,584  6.40  6,144  7.20  9.216 

Jones  A  Laughlin 3.85  2,464  5.25  5,040  6.65  8.512 

Ketchum 3.73  2,393  4.97  4,784  6.21  7,956 

Maurer 2.60  1,664  3.40  3,264  4.20  5,376 

Merrinaan 3.75  2,400  5.25  5,040  6.75  8.640 

Bicker,  1907 1.87  1,197  3.00  2,880  4.27  5.465 

Bicker,  1912 1.73  1.107  2.68  2,573  8.71  4.749 

Thayer 3.26  2.082  4.44  4.259  5.62  7,193 

Trautwine 2.60  1,664  3.90  3,744  5.20  6.656 

In  fact,  as  stated  by  Marburg,  in  "  Framed  Structures  and  Girders."  tbe 
variables  are  so  numerous  that  no  formula,  for  the  weights  of  roof  trusses 
which  is  at  once  simple,  accurate  and  generally  appUcable,  can  t>e  devised. 
Such  a  formula  is  not  necessary.  In  odculating  stresses  the  weight  of  the 
truss  is  usually  so  small  compared  with  the  weight  of  the  covering,  the  snow 
and  the  wind,  that  an  error  in  its  assumption  is  negligible. 

Ordinary  steel  roof  trusses  on  brick  waUs  with  roof  slope  of  6  in.  to  1  ft. 
and  an  assumed  load  of  800  lbs.  per  linear  foot  of  top  chord,  uniformly  distrib- 
uted, weigh  from  30  to  75  lbs.  per  linear  foot  of  span  for  spans  up  to  85  ft. 
For  less  slopes  the  weight  may  be  from  5  to  25%  more.  For  different  loadings 
the  variation  in  weight  is  usually  from  25  to  75%  of  the  variation  in  loading. 
It  should  be  noted  that  the  personal  equation  of  the  designer  and  the  many 
factors  entering  into  the  weights  of  roof  trusses  may  cause  a  variation  of  5 
to  25%  in  the  same  truss. 

Formula  and  Table  of  Weights  Steel  Roof  Trusses. — Marshall  L.  Murray 
gives  the  following  data  in  Engineering  and  Contracting,  June  25,  1919. 

In  the  preparation  of  designs  for  steel-roof  trusses  for  preliminary  estimates 
for  factory  buildings,  after  several  designs  had  been  prepared  and  lists  of 
material  and  estimates  of  cost  had  been  made,  the  data  on  hand  were  used  in 
several  formulas  for  giving  the  weights  of  steel-roof  trusses,  in  order  to  find 
one  which  would  give  results  closely  agreeing  with  the  figured  weights.  If 
such  a  formula  could  be  found  it  was  intended  to  use  it  for  purposes  of  pre- 
liminary estimates  instead  of  taking  time  to  prepare  a  design.  But  no  one 
formula  gave  results  which  were  considered  satisfactory.  It  was  observed 
that  the  Bicker  formula 

W-  Cl  +  -§!-)  SA. 

\25       6,000/ 

gave  results  which  were  too  low  and  the  Ketchum  formula. 


W-^ri+TTTflSA. 


i}^wi) 
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gave  results  too  high  to  agree  closely  with  our  design  data.  In  these  f  onnulas 
W  equals  total  weight  of  truss;  S  equals  span  of  truss  in  feet ;  A  equals  distance 
center  to  center  of  trusses  in  feet ;  P  equals  carrying  capacity  of  truss  in  pounds 
per  square  foot  of  horizontal  projection  of  roof. 

After  carefully  studying  the  formulas  and  reading  the  explanation  of  the 
Ricker  formula  in  University  of  Illinois  Bulletin  No.  16,  and  that  of  the  Ket- 
chum  formula  in  the  author's  text  book  on  Steel  Mill  Buildings,  it  occurred 
to  the  writer  to  combine  the  two  formulas,  thereby  making  use  of  the  span 
factors  in  the  Ricker  formula  and  the  center  tb  center  of  truss  factor  and  the 
variable  load  factor  in  the  Ketchum  formula.  From  the  bulletin  it  seemed 
the  carrying  capacity  of  the  trusses  upon  which  the  Ricker  formula 
was  based  was  about  50.     Therefore  the  results  obtained  by  using  the 

P 

data  on  hand  with  the  Ricker  formula  were  increased  in  the  ratio  of  — ,  since 

60 

the  Ricker  formula  does  not  take  Into  account  the  variable  load  P.    These 

weights  were  then  averaged  with  those  obtained  by  the  Ketchum  formula, 

which  considers  the  variable  load  P,  and  the  final  results  agreed  quite  closely 

with  the  data  on  hand.    The  tentative  formula  then  became 


W- 


50 


\26       6.000/        45  \         5VA/ 


SA 


P  P 

For  trial  calculation  the  two  factors  —  and  —  were  averaged  and  made  the 

60  46 

same  for  both  formulas.    Then 

1       P  /s        s«  s    \ 

W-  -  X 1        4- +  1  -I-  — 7=  ISA 

2       47.5  \25       6.000  5VA/ 

P 

After  several  trials  with  the  slide  rule  the  variable  load  factor  was  made  — 

92 

P  P 

instead  of — -  or  — ,  so  as  to  agree  with  the  figured  weights.    Therefore 

2  X  47.6      95 

the  formula  finally  derived  was. 

«  «•  ---ISA 


92  V         25       6.000       5VA/ 


In  order  to  try  out  the  above  formula  it  waa  applied  to  all  trusses  upon  which 
we  had  the  necessary  data,  and  to  others  used  as  examples  in  text  books  and 
the  results  were  remarkably  close  to  the  weights  obtained  from  material  lists. 
After  finding  that  the  formula  was  worth  while  the  writer  prepared  the  accom- 
panying table  to  simplify  its  use.  This  was  done  by  making  P  equal  to  unity 
and  calculating  the  value  of  W  for  a  series  of  values  given  to  S  and  A.  It  will 
be  noted  this  reduced  to  a  simple  multiplication  the  calculation  necessary  to 
find  the  weight  of  the  steel  roof  truss,  having  given  the  span,  distance  center 
to  center  of  trusses,  and  the  carrying  capacity  oi  tniss.  The  writer  has  found 
this  table  to  be  very  useful  and  quite  reliable  in  preparing  preliminary  esti- 
niates.  and  even  as  a  check  on  weights  figured  from  a  design. 


1600 
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Cost  of  PriTAte  Fire  Protectioii  InsUllatioiis  for  Industrial  Plants. — The 
f ollowing^  data  are  given  by  Leonard  Metcalf  in  a  paper  before  the  American 
Water  Worlu  Ass'n.  in  1913,  abstracted  in  Engineering  and  Contracting,  July 
28,  1918. 

A  cotton  mill  having  a  value  in  buildings  and  machinery  as  follows: 

Buildings,  including  foundations $    400,000 

Machinery,  engines,  boilers,  shafting>  electricid  and  steam  fittings, 
elevators,  etc 900,000 

Cost  of  mill $1 ,300.000 

Cost  of  fire  protection  equipment  for  this  mill: 

Underground  piping 2 ,  600 

Indicator  post  gates,  valves,  checic  valves,  hydrants,  etc 1 ,  000 

Fire  pumps  (2) 2,500 


Suction  snppUes 1 ,  000 

Hose,  hose  houses,  watchman's  system  and  fire  alarm 1 ,700 

Automatic  sprinlders  and  all  inside  piping 16, 000 


$      24,800 
If  suction  reservoir  has  to  be  built,  add. 3 , 000 

Total  cost  of  fire  protection  equipment $      27 ,  800 

This  is  equivalent  to  2.1  per  cent  of  cost  of  buildings  and  machinery. 

2nd:  A  smaller  plant,  where  cost  of  protection  is  of  necessity  larger  in  propor- 
tion to  cost  of  mill  equipment: 

Buildings,  excluding  foundations. $      70, 000 

Machinery,  etc.,  same  as  above 100,000 

$     170,000 
Cost  of  fire  protection,  as  items  above 6,200 

This  is  equivalent  to  3.7  per  cent  of  cost  of  the  buibHngs  and  machinery. 

In  these  examples,  if  elevated  tanks  or  reservoirs  had  been  necessary,  the 
fire  protection  would  have  been  increased  in  cost  correspondingly.  They 
represent,  however,  fairly  typical  cases,  but  oftentimes  difficult  conditions 
add  to-the  estimated  cost  further  amounts  from  15  to  20  per  cent. 

In  general  the  cost  of  the  fire  protection  equipment  will  be  from  3  to  5  per 
cent  of  cost  of  the  mill  property. 

The  operating  charges  upon  such  an  installation  as  that  cited  in  thte  first 

illustration  given  above  might  be  as  follows:  { 

Per  cent 

Interest s 6 

Depreciation 2 

Repairs 3 

SuppUes  and  miscellaneous IJ 

Coal  foruse  on  Sundays  and  hoUdays 

Extra  labor  on  Sundays  and  holidays. 

Total 18H 

Add  administration  and  overhead  charges IH 

Grand  total  upon  the  cost  of  the  fire  protection  system 15 

This  would  upon  the  cost  of  the  fire  equipment  amount  to  approximately 
$4,170.    If  now  tlie  mutual  insuranoe  rate  upon  this  property  be  added 
amounting  to  approximately  7  cts.  per  $100  of  risk,. or  $010  peryear,  the  total 
cost  of  the  fire  protection  servioe  and  insurance,  excluding  the  payment  to  be 
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made  to  the  waterworks  for  the  water  service,  would  amount  to  $5,0$0. 
Without  the  sprinkler  service  the  rate  upon  such  property  in  the  stock  insur- 
ance companies  might  be  $1  per  $100  of  risk,  in  which  case  the  saving  effected 
would  amount  to  approximately  $8,000  per  year.  If  the  rate  given  by  the 
stock  companies  were  less  than  $1  per  $100  of  risk,  the  saving  would  be  corre- 
spondingly reduced.  It  is  probably  safe  to  say,  however,  that  the  equipment 
wrould  be  paid  for  by  the  saving  in  insurance  in  a  period  of  not  over  five  to 
six  years,  if  nominal  charge  only  be  made  by  the  waterworks  for  the  service 
rendered  by  it  to  the  mill. 

Data  on  Erection  of  Cantonment  Buildings. — The  following  dat^  on  the 
construction  of  buildings  at  Camp  Meade,  Md.,  are  abstracted  in  £^ngineering 
and  Contracting,  June  26,  1918,  from  a  paper  presented  to  Western  Society 
of  Engineers  by  N.  B.  Garver. 

The  construction  of  the.  buildings  for  training  battalions  designated  as 
Regiment  AA  was  determined  upon  Friday.  Sept.  21.    They  consisted  of: 

32  2-story  barracks,  30  by  60  feet. 

8  1-story  mess  haUs,  20  by  147  feet. 

4  1-story  officers'  quarter,  20  by  133  feet. 

1  24tory  medical  building,  20  by  119  feel, 

2  1-stoiy  store  houses,  20  by  98  feet. 
2  atables,  29  by  40  feet. 

2  wagon  sheds,  29  by  18  feet. 
.  A  total  of  51  buUdings. 
The  material  requiifid  was: 
2,108  posts. 

1,490,000  ft.  of  yellow  pine  lumber 
321,000  sq.  ft.  of  building  paper. 
152,000  sq.  ft.  of  roofing. 
3,888  window  sash. 
304  doors. 

136,400  sq.  ft.  of  wall  board, 
782  sq.  ft.  of  brick  hearth. 
30,514  pounds  of  nails. 

2,184  lin.  ft.  of  mess  tables  with  seats  were  constructed. 
1,600  Un.  ft.  of  fire  ladders  were  erected. 

The  hauling  of  posts,  lumber,  a^d  other  materials  was  begun  on  Saturday, 
Sept.  22.  Actual  construction  began  on  Sunday,  Sept.  23.  A  10-hour  work- 
day was  observed.  Lumber  erection  was  completed  and  the  buildings  were 
finished  at  6  p.  m.,  Oct.  2.  Ten  days,  or  100  hours,  was  required  to  complete 
the  51  buildings  of  this  regiment.  Fifteen  thousand  feet  of  lumber  was  erected 
each  working  hour,  and  a  building  was  completed  every  two  hours. 

The  number  of  carpenter  and  labor  hours  required  to  complete  e^ch  stage 
of  construction  of  a  200-man  barrack  is  as  follows: 

Lumber 
ft.  B.  M. 

Foandation  poata ^ Carpentert  20  kn. 

Laborers  60  hrs.        1,000 

Framing  complete Carpenters  375  hre. 

Laborers  72  hrs.      20,700 

Sub-floors  and  roof Carpenters  390  his. 

Laborers  50  hra.      19,400 
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Fiuiabed  Boon. 
loaide  Ukd  ouUlii 


.   CunwiUn    630  hn. 
.   Laboren  8E  hn. 


SciKiiiiia. 


.thing Csipeoten    4 


Viil  board CarpeatMS  330  hn! 

RoofiDf  fdt Carpenten  70  hn. 

lAborcn  ""  '■'- 
.   Caqkeote 


lAborcn         .,- 

Undenheathinc  and  ladden Caqwoten      60  hn.        3,000 


Total 74,000 

Tout  carpenUr  boun  on  lumb«  erection.  1.825. 

Total  labor  hours  on  lumber  enction,  332. 

Lumber  erected  per  catpcoter  per  day.  407  ft.  B.  M. 

C»rpon*«n  received  Wii  eta.  per  hour  and  laboren  30  cU.  pet  hour. 

Colt  d(  ConttmctiDi  ■  Camp  to  Accommodate  Fortr  Laboreri. — In  Engl- 

neeilng  and  Coatractlng.  Jul;  2,  1013^  Clark  A.  Bryan  gtvea  the  foUmrins. 
The  camp  woa  built  diulng  tbe  Bummer  of  ISIZ.  Uy  accoramodate  loboicn 
employed  on  the  conatructlon  ot  sewerose  Ryitem  and  disposal  i^aot  at 
Rldgely,  Md.,  and  coDsletedotBtore  and  dining  room,  buQk  house,  cook  Bhed, 
toilet  and  well.     Tbe  foUowlDg  matter  1b  taken  from  Mr.  Bryan's  article. 

Slori  and  Dinina  Room. — The  building  itself  Is  30  X  18  ft.  In  pIOD  and  ia 
built  with  a  gabled  roof.  The  height  from  the  top  of  the  floor  to  the  top  o( 
the  plates  Is  7  ft.  3  Ins.  and  the  height  of  the  gable  Is  4  ft.  6  Im..  m-king  tbe 
total  height  of  the  ridge  It  ft.  0  Ins.  above  tbe  Soor.  This  building  Is  divided 
into  two  ro<mu  sized  11  ft.  61ns.  and  24  ft.  6  Ins.  respectively,  the  former  belne 
used  08  a  store  and  the  latter  tor  a  dining  room.  The  sills  were  made  of  4  x 
6  In.  lumber.  Tbe  four  corner  posts  were  mode  of  3  x  4  in.  material  and  tbe 
Intermediate  posts,  of  which  there  were  two  on  each  of  the  long  ddes.  wen 
spaced  11  ft.  6  Ins.  from  eadi  end  of  the  building  and  were  made  ot  the  same 
sized  material.  These  upright  3  X  4  In.  posts  were  all  monlsed  Into  the  i4ate. 
which  was  made  of  4  X  4  In.  material.  To  further  brace  tlie  building  a  piece 
of  2  X  4  In.  was  run  completely  i  the  uprights  at 

a  height  ol  3  ft.  above  the  floor.  .  the  direction  of 

Its  short  dimension  by  running  from  the  top  of 

one  of  the  intermediate  posts  i  ist.  tliese  bracn 

being  set  flush  with  the  top  t^  t[  died  to  the  plate 

and  were  made  of  2  x  4  In.  mai  i  on  each  side  ot 

the  ridge  and  they  were  10  ft.  the  sides  ot  the 

building  by  about  8  ins.    To  fln  le  rstlers  a  piece 

of  1  X  G  In.  material  was  nailed  m.     The  purlins 

were  laid  at  right  angles  to  the  Tatters  and  nailed  to  them.  Tbey  were  spaced 
1  ft.  6  In.  on  centers  and  a  1  X  3  In.  lathing  was  used  tor  this  purpose :  at  the 
ridge  tour  ot  these  laths  were  used.  For  a  roof  corrugated  Inm  welgblog  liS 
Iba.  per  square  was  used  and  this  was  nailed  directly  to  the  purlins.  By  tills 
if  was  built  wUdi  provided  identy  of  ventilation, 
It  tightly  sheathed  at  tbe  sides  ta  the  butldliK.  and  yet 
he  building  through  this  space.    Hw  joists  were  10  ft. 
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long  and  were  made  of  2  X  8  in.  material;  thsy  were  notched  3  ins.  on  the 
sills  and  a  1-in.  floor  was  laid  on  them.  The  joists  were  spaced  1  ft.  6  ins.  on 
centers.  The  sides  were  built  of  1-in.  rabbeted  bam  boards  10  ixiA.  wide. 
A  solid  partition  of  this  same  material  was  built  across  the  building,  dividing 
it  into  two  rooms  11  ft.  6  ins,  and  25  ft.  6  ins.,  respectiTely.  There  were  fire 
windows  each  2  ft.  6  ins.  X  2  ft.,  and  having  six  lights;  four  of  these  windows 
were  in  the  dining-room  or  larger  compaAtment  and  one  in  the  store  room. 
Three  doors,  each  2  ft.  9  ins.  X  7  ft.,  were  built,  one  being  in  the  dhiing  room 
and  two  in  the  store  room.  Table  XXIV  gives  the  bill  of  materials  and  cost 
of  constructing  this  building. 

Tablk  XXIV. — Bill  of  Materials  AtfD  Cost  of  Constrttctinq  Dining  and 

Store  Bttildino  for  Workman's  Cakp 

Items  and  size  Rate  Cost 

104  lin.  ft.  sills,  4  X  6  ina 10.05  $     5.70 

100  lin.  ft.  posts,  3  X  4  ins 0.0275  2.75 

16  lin.  ft.  frames  for  doors,  etc.,  3  X  4  ins 0. 0275  0. 56 

104  lin.  ft.  plates.  4  X  4  ins 0.03  3.12 

104  lin.  ft.  braces,  2  X  4  ins 0.015  1.56 

32  lin.  ft.  braces  at  plate,  2X4  ins 0.015  0.48 

380  lin.  ft.  rafters,  2  X4  ins..! 0.016  6.70 

432  lin.  ft.  purhns,  1  X  3  ins 0.006  2,16 

144  lin.  ft.  ridge,  1  X  3  ins * 0005  0.72 

36  lin.  ft.  ridge  pole,  3X4  ins 0.0275  1 .00 

416  Hn.  ft.  joists  (26  pieces  16-ft.),  2X8  ins 0.028  11. 70 

676  sq.  ft.  flooring,  1-in 0.025  14.40 

782  sq.  ft.  barn  boards  in  sides,  1  X  10  ins 0. 025  19. 55 

72  sq.  ft.  barn  boards  in  gables,  1  X  10  ina 0.03  '  2. 16 

150  sq.  ft.  barn  boards  in  partition,  1  X  10  ins 0.025  3.75 

40  lin.  ft.  tin  ridge 0.06  2.40 

5  windows  (six  8  X  10-in.  lights),  2  ft.  6  ins.  by  2  ft 1 .  25  6 .  25 

3  doors,  2  ft.  9  ins.  by  7  ft 0. 90  2. 70 

2  mess  tables.  16  ft.  by  3  ft 2.50  5.00 

4  benches,  liB  ft 0.40  1.60 

720  sq.  ft.  corrugated  iron  roof 0.046  33.85 

90  lbs.  wire  nails 0.035  3.85 

7  lbs.  galvanised  nails 0. 06  0. 42 

3  pairs  hinges  (10-in.  strap) 0.25  *  0.75 

3  nooks  and  staples^ 0. 05  0.15 

2  hasps  and  staples 0. 10  0. 20 

IpacUock..,. 0.28  0.28 

112  fin.  ft.  trim.  1  X  5  ins 0.035  3.92 

f  «  — ^— — — . 

.    Total  cost  of  materials $135. 28 

Labor: 

14  hrs.  foreman  carpenter SO. 275  S     3 . 85 

66  hrs.  carpenter 0.22  14.52 

.    41.5  hrs.  carpenter's  helper .*% 0. 17  7 . 06 

Total  cost  of  labor $  25. 45 

Total  cost  of  building 160. 73 

Bunk  HouBc. — This  building  is  50  X  14  ft.  in  plan  and  is  built  with  a  slop- 
ing roof.  The  building  is  placed  with  the  long  dimension  parallel  to  the  road 
leading  to  Ridgely  and  the  height  of  the  side  facing  this  road  is  9  ft.  6  ins., 
while  the  height  of  the  rear  is  6  ft.  6  ins.  The  house  is  divided  into  five  com- 
t)artments,  each  of  which  was  designed  to  accommodate,  eight  men.  The  sills 
were  made  out  of  4  X  6-in.  lumber,  the  four  corner  posts  were  made  out  ^  of 
3  X  4-ln.  material.  The  upright  posts  along  the  front  and  rear  Gt  the  building 
were  spaced  10  ft.  on  centers  and  made  of  the  same  sized  material.    The  plate, 
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whicheoBsistedof  2  X  4  in*  material,  was  apUced  to  the  Uqis  of  these  iq>rii^t0. 
The  rafters  rested  on  the  plate  and  were  spiked  to  it  and  were  of  3  X  4-in. 
material.    They  were  16  ft.  long  and  were  spaoed  2  ft.  on  centers,  and  over- 
hung the  sides  <^  the  building  about  8  ins.    As  in  the  other  building  1  X  3-in. 
lathing  was  used  for  puriins  and  spaced  1  ft.  6  ins.  on  centers.    The  roof  was 
of  corrugated  iron  weie^iing  115  lbs.  per  square  and  was  nailed  directly  to  the 
lathing.  '  To  finish  off  the  ends  of  the  rafters  they  were  coyeied  on  the  front 
and  rear  of  the  building  by  5-in.  dressed  boards.    By  this  method  of  constnio- 
tioB  a  fresh  air  inlet  4  ins.  high  was  provided  along  both  front  and  rear  <rf  the 
building,  yet  rain  could  not  enter  through  this  space.    This  building  was 
braced  in  a  manner  similar  to  that  employed  in  the  construction  of  the  build- 
ing previously  described  with  the  exception  that  the  2  X  4-in.  braces  running 
from  the  top  of  the  plates  were  run  level  from  the  top  of  the  rear  plate  and 
were  spiked  at  the  front  to  a  piece  of  2  X  4-in.  material.    The  joists,  floors 
and  sides  of  this  building  were  constructed  as  in  the  other  and  need  no  further 
comment.    As  stated,  this  building  was  divided  into  five  compartments,  each 
of  which  was  10  ft.  wide,  the  compartments  being  separated  by  partitions 
of  bam  boards  and  each  partition  6  ft.  high.    "Each  compartment  was  pro> 
vided  with  a  door  placed  at  the  front  of  the  building,  also  with  two  windows, 
one  in  front  and  over  the  door,  and  the  other  at  the  rear.    In  this  way  com- 
plete ventilation  of  the  building  was  obtained.     Against  each  side  of  each 
compartment  two  tiers  of  bunks  were  built.    The  bunks  were  3  ft.  wide  and 
extended  the  14-ft.  dimension  of  the  building.    The  bottom  tier  of  bunks 

Tabix  XXV. — Bill  or  Matbbial  and  Cost  or  CoNSTBUcnNo  Bitnk  Housb 

roB  Wobkman's  Camp 
Items  and  sis  Rate  Cost 

128  lin.  ft.  sills,  4  X  6  ins $0.05            $     6.40 

98  lin.  ft.  posts,  3  X  4  ins 0.0275  2.56 

65  lin.  ft.  frames  for  doors,  etc.   3X4  ins 0.0275  1.78 

132  lin.  ft.  plates,  2  X  4  ins 0.015  1.93 

128  lin.  ft.  braces,  2  X  4  ins 0.015  1.92 

224  lin.  ft.  braces,  at  plate  2X4  ins 0.015  3. 86 

416  lin.  ft.  rafters.  3  X  4  ins 0.0275  11.44 

650  lin.  ft.  purlins,  1X3  ins 0.005  8. 25 

405 lin.  ft.  [cists  (27  pieces  16-ft.),  2  X  8  ins 0.028  11.84 

75  lin.  ft.  braces  foot  of  poets  3X4  ins 0.0275  2.07 

800  sq.  ft.  flooring,  1-in 0.025  20.00 

1,000  sq.  ft.  barn  boards  in  sides,  1  X  10  ins 0.025  25.00 

336  sq.  ft.  barn  boards  in  partitions,  1  X  10  ins 0.025  8.40 

500  sq.  ft.  barn  boards  in  bunks  proper,  1  X  10  ins. . . .  0.025  12.50 

60  lin.  ft.  2  X  4-in.  supports  for  bunks 0.015  0.90 

50  lin.  ft.  braces,  2X4  ins.,  for  bunks 0.015  0.75 

132  lin.  ft.  trim,  1  X  6  ins 0.085  4.62 

10  windows  (six  8,  X  10-in.  lights),  2  ft.  6  in.  by  2  ft 1 . 25  12.  SO 

5  doors,  (2  ft.  9  ins.  by  6  ft.) 0.54  2.70 

800  sq.  ft.  comisated  iron  roof 0.046  36.80 

108  lbs.  wire  nails 0.035  4.46 

7  lbs.  galvanised  nails 0. 06  0. 42 

6  prs.  mnces  (8-in.  strap) 0. 16  1.08 

6  prs.  hooks  and  staples 0. 05  0. 30 

6  prs.  hasps  and  staples •  0. 10  0. 60 

Total  cost  of  materials $177 .  28 

Labor: 

24  hours  foreman  carpenter $0,275  $     6.60 

95  hours  <sarpenter ^'^3  20.90 

34  hours  oaipenter  helper 0. 17  5. 95 

Total  cost  of  labor S  83. 45 

Total  cost  of  buiklinc 210.73 
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WB8  about  1  ft.  abote  thd  flo<»r,  wlifle  tiie  upper  tier  Tested  on  the  2  X  4-in. 
brace  that  extended  around  the  building.  The  bunks  were  supported  at  the 
center  by  means  of  a  trestle  consisting  of  two  2  X  4-in.  posts  6  ft.  long  and 
spaced  6  ft.  apart.  The  tops  of  these  posts  were  connected  by  a  pfeod  of  2  X 
4-in.  material  running  longitudinaDy  of  the  building,  and  were  f^nther  braced 
by  running  2  x  4-in.  braces  from  the  top  of  the  rear  plate  over  isadtpoBt  and 
spiking  this  brace  to  a  piece  of  2  X  4-tn.  material  that  ran  acrosi»  the  front  of 
the  building.  Nailed  to  these  2  X  4-m.  posts  and  at  heights  of  about  1  ft. 
and  3  ft.  above  the  floor,  respectively,  were  two  pieces  of  2  X  4-in.  material 
6-  ft,  long  and  upon  these  the  bunks  rested.  The  bunks  were  made  ol  1-in. 
bam  board.  Table  XXV  gives  the  bill  of  material  used  in  the  construction  of 
this  building  and  the  cost  of  construction. 

Cook  Shed. — The  shed  provided  for  cooking  purposes  consisted  simply  of 
four  upright  posts  about  7  ft.  high,  supporting  a  corrugated  iron  roof  12  ft. 
square.  Under  this  shed  the  brick  ovens  used  by  the  men  to  co<d£  their  food 
were  prepared.    The  cost  of  constructing  this  shed  is^shown  by  Table  XXVI. 

Tablx  XXVI. — Cost  of  Cook  Shbd 

Items  and  sise  Rate  Cost 

40  lin.  ft.  corner  poets  4X6  ins SO. 05  S  2.00 

Other  lumber 1.00 

144  sq.  ft.  oormgated  iron  roofing 0.046  6. 68 

Total  cost  of  materials $0.63 

Labor: 

?  hours  carpenter $0. 22  $  1 .  54 

Total  cost  of  shed * $11. 17 

The  toilet  was  built  along  imes  typical  of  out-of-door  toilets.  It  was  4  ft. 
square  and  was  not  roofed  over.  The  total  cost  of  the  closet  was  $2.85. 
The  following  is  a  summary  of  the  total  cost  of  camp: 

Combined  dining  room  and  store.- $160. 73 

Bunk  house  or  ueeping  quarters ,..,... 210. 73s 

Cooking  shed 11.17 

Toilet 2.85 

WeU 10. 56 

Straw  for  bedding , 5. 00 

Total  coet  of  camp $401 .03 

After  the  construction  work  on  the  sewer  system  had  been  finished  the  town 
of  Ridgely  purchased  the  building  used  as  dining-room  and  store  and  remod- 
eled it  and  made  it  mto  a  bam.  The  bmik  house  and  also  the  well  were  sold, 
the  total  amount  received  from  these  sales  being  $312.98  making  the  net  cost 
of  building  the  camp  $88.05.  As  the  camp  was  in  use  for  a  period  of  about  eight 
months  the  net  cost  per  month  amounted  to  about  $11. 

The  first  cost  of  the  camp,  including  a  well  for  water  supply  and  other  acces- 
sories was  $10  per  man  accommodated.  The  dining  and  store  building  cost 
just  under  80  cts.  and  thie  bunk  house  just  over  30  cts.  per  square  foot  of  area. 

Data  on  the  Erection  of  Steel  Work  of  the  dhops  of  the  Lima  Locomotive 
Corp.,  Lima,  OUo. — Engmeering  News.  May  7,  1914,  gives  the  following: 

The  steelwork  conforms  hi  the  Manufacturers  Standard  Specifications.  It 
was  given  two  coats  of  graphite  paint,  one  applied  in  the  stiop  and  the  other 
after  erection. 
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All  Steel  erectl(m  was  done  with  lour  tFaveling  stiff-leg  derricks  of  50  tons 
hoistiog  capacity,  canying  booms  100  ft.  long.  Tbeee  were  of  steel  construc- 
tion and  the  booms  were  long  enough  to  place  the  roof  trusses  and  monitcn' 
roof  framing.  The  boolc  tile  for  the  roof  of  the  erecting  shop  were  handled  by 
a  platform  elevator  in  the  timber  tower  at  the  middle  <rf  tiie  buUdins.  Tbe 
steel  gang  numbered  about  85  men.  Woiic  was  oonnnenoed  on  Jan.  12  and 
completed  Mar.  8.  1918.  The  tonnage  and  time  of  erection  of  the  seyeral 
steel  buildings  were  as  fi^ows: 


Building 

Erecting  shop 

Boiler  shop 

Smith  shop 

Hammer  shop 

Tank  shop 

Coal-pulverising  plant. 
Rivetmg  tower 


Tons 

Time  of  erection 

1200 

26  days 

225 

10  days 

260 

8  days 

253 

6  days 

300 

7  days 

20 

10  days 

12 

7  dasra 

Cost  of  Erecting  a  Large  Steel  Dome. — In  Engineering  News,  Mar.  8,  1917, 
M.  Van  Meter  gives  the  following: 

The  92-ft.  dome  of  the  Wealthy  St.  Baptist  Church.  Grand  Rapids,  Mich., 
has  a  steel  frame  formed  by  eight  main  arch  members  35  ft.  in  span,  with  19- 
ft.  rise,  framing  into  an  octagonal  crown  diaphragm,  22  ft.  wide  across  the 
points.  The  arches  are  tied  together  at  the  heel  by  four  trusses  and  four  sets 
of  angle  ties.  This  is  because  that  portion  of  the  building  under  the  dome  is 
square,  and  a  part  of  the  roof  load  is  carried 'by  the  ties  in  alternate  bays. 

The  arches  are  2  ft.  deep  at  the  top  and  5  ft.  at  the  outer  extremity.  Three 
lines  of  beams  parallel  to  the  base  ties  carry  the  wooden  ceiling  and  roof 
joists.  The  lateral  bracing  consists  of  a  system,  of  rods  together  with  a  line 
of  struts  in  the  center  of  each  bay  at  right  angles  to  the  roof  beams.  A  steel 
monitor  frame  8  ft.  high  surmounts  the  structure. 

The  erection  procedure  was  as  follow^:  A  derrick  <xf  the  required  height  was 
raised,  and  the  eight  sides  of  the  diaphragm  were  riveted  up  around  its  base. 
With  two  sets  of  blocks,  the  ring  was  raised  to  the  final  elevation,  45  ft.  above 
the  floor,  and  light  timber  falsework  placed  underneath.  The  arches  were 
raised  with  a  gin  pole,  bolted  in  place,  and  the  base  ties  erected.  The  roof 
beams,  struts  and  rods  were  then  placed,  rivets  driven  and  supports  removed. 
The  entire  job  was  completed  without  a  mishap,  the  one  anxiety  being  caused 
by  the  extraordinarily  high  winds  that  prevailed  after  the  diaphragm  was 
raised  and  before  the  timber  falsewOTk  was  finished. 

The  shop  cost  of  this  contract  was  $25  and  the  erection  cost  $28  per  ton, 
with  labor  at  50  cts.  per  hour  hi  each  case. 

Cost  of  Erecting  Steelwork  for  an  Armory  Haying  Three-Hinged  Arches. — 
The  following  data,  taken  from  an  aitide  in,  Engineering  and  Contracting, 
Aug.  6,  1913,  refer  to  the  amuwy  building  oi  t^  University  of  Illinois. 

When  completed,  this  structure  will  have  a  clei^  drilling  space  of  about  200 
ft.  by  390  ft.  In  1913  the  two  end  bays  were  ijiat  built,  owing  to  a  lack  of 
apprt^riatlons.  The  width  of  the  pprtionr  built  is  2Q|6  ft.*  center  to  center  of 
end  pins,  the  length  is  338  ft.  center  to  center  of  end  arches,  and  the  hei^ 
is  94  ft.  8  his.  from  cent^  of  pin  at  the  crown  to  a  line  connecting  the  end  pins. 
The  present  structure  has  13  bays,  ea<^  26  ft.  long.  The  two  future  bays 
are  each  26  ft.  6  ins.  long. 
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The  arcbes  rest  on  masonry  piers,  and  the  boiteoBtal  thrust  is  taken  up 
by  tie  rods  which  connect  the  end  pins.  These  tie  rods  are  encased  in  con- 
crete to  prevent  corrosion. 

Although  the  baicony  was  not  provided  at  the  time  of  erection  the  balcony 
girders  were  put  in  and  provisicna  made  for  connecting  the  future  steelwork  to 
them.  Lateral  bracing  is  placed  in  the  end  panels  and  in  every  alternate  panel. 
The  bracing  in  th^  sides  of  the  building  consists,  ol  6  X  3H  X  ^-in.  angles, 
this  bracing  being  omitted  in  the  three  center  bays  on  account  of  the  entranoea. 

The  total  weight  of  the,  steelwork  f<Nr  this  armory  was  985  tons.  The 
weight  of  one  three-hinged  arch,  complete  with  pins  but  exclusive  of  Uie  eye- 
bar  ties  and  the  bases,  was  87  tons.  Each  segment  of  the  arch  was  shipped  in 
four  sections,  the  weights  of  these  sections,  beginning  at  the  bottom,  being  5H 
tons,  4K  tons,  4  tons,  and  5  tons.  The  arches  rested  on  cast  bases,  each  base 
beii^  anchored  to  its  footing  with  two  IH-iii-  rods  2  ft.  long.  There  are 
15,400  H-iii.  diameter  field  rivets  and  14,900  ^-in.  diameter  field  rivets  in  the 
structure. 

Contraetor^B  Bquipthent. — The  contractor's  equipment  included  a  large 
traveling  derrick,  two  riveting  outfits,  an  air  compressor  plant,  an  office,  block- 
and-tackle  apparatus  and  ropes  for  guiding  the  arches  during  erection,  etc. 

On  account  of  the  size  and  weight  of  the  arches,  a  q)ecial  traveling  derrick 
was  used.  It  was  formed  by  mounting  parts  of  two  stiff-leg  derricks  on  a  steel 
tower,  which  in  turn  rested  on  rollers.  One  of  the  tegs  was  taken  off  of  each 
stiff-leg  derrick,  and  the  remaining  portion  was  braced  together  as  shown  in 
the  drawing.  Heavy  bracing  was  required  to  give  the  required  rigidity  to 
the  tower.  The  tower  was  37  ft.  6M  ins.  by  38  ft.  4  ins.  by  32  ft.  high.  A 
platform  placed  on  the  lower  sills  of  the  tower  carried  the  two  hoisting  engines. 
These  engines  were  placed  at  the  rear  to  assist  in  anchoring  the  tower,  although 
considerable  additional  anchorage  was  required.  One  hoisting  engine  was 
used  to  operate  each  boom.  The  booms  could  be  moved  independently,  or 
both  could  be  moved  at  the  same  time.  The  height  of  the  masts  was  40  ft., 
the  length  of  each  stiff-leg  was  56  ft.,  and  the  length  of  each  boom  was  90  ft., 
thus  the  height  and  reach  of  the  booms  was  sufficient  to  reach  any  part  of  an 
erected  arch.  The  boom  had  a  17-in.  sheave  and  a  2-in.  shaft  at  the  top. 
Quadruple  blocks  were  used.  The  masts  were  fitted  with  13-in.  sheaves  and 
IH-in-  shafts  at  b6th  top  and  bottom.  The  booms  used  on  this  work  had 
three  30-ft.  sections,  although  their  total  lengths  could  be  changed  by  sub- 
stituting sections  of  different  lengths.  The  total  weight  of  the  traveler  was 
about  26.  tons,  and  each  hoisting  engine  had  a  capacity  of  about  85  tons. 

Method  of  Erection. — ^The  footings  were  first  put  in  place,  and  trenches  were 
dug  for  the  tie  rods.  The  traveler  was  then  shipped  to  the  site  and  erected. 
As  has  been  pi^Vlously  mentioned,  eachr  segment  of  the  arch  was  shipped  in 
four  parts.  These  sections  were  hauled  to  the  site  on  wagons.  The  derribk 
then  picked  up  these  parts  and  placed  them  on  the  ground  in  their  proper  posi- 
tions. They  were  then  assembled  and  riveted  together.  In  the  meantime, 
the  cast  bases  were  set  on  the  footings,  and  the  tie  rods  were  laid  In  the 
trenches. 

Time  Account  and  Co»t  Data. — About  two  weeks  were  required  to  erect  the 
traveler  and  to  get  the  equipment  in  good  order.  On  an  average  two  arches 
were  erected  per  week.  Sometimes  as  many  as  three  arches  were  erected  in 
a  week,  but  it  was  necessary  to  assemble  a  segment  and  rivet  the  four  parts 
together  before  it  could  be  erected  and  this  required  considerable  time.  Work 
was  started  putting  up  the  traveler  on  Jan.  20.  1913,  and  about  two  weeks 
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later  the  erectkm  of  the  sieelwoik  WM  started.  One  liTetinr  ganfitHlrfa  I 
F\Bb.  17  and  another  on  Feb.  84.  They  finished  rlvvtlns  the  fint  pnci  ■  I 
March  1.    The  men  started  to  take  down  the  traveler  on  March  SS.  I 

The  superintendent  and  the  two  f oreoien  of  the  rlTetln^  ffuiga.  each  ifccM  I 
80H  eta-  P^r  hour,  the  two  engineers  for  the  hototins^  ctiglnea  and  the  eogtaRi  I 
for  the  air  compressor  received  72 M  cts.  per  hour,  the  men  wmkiagoiih 
steel  erection  68  cts.  per  hour,  several  laborers  25  eta.  per  hour,  and  saekf 
reoehred  20  cts.  per  hour. 

Although  the  greatest  number  of  men  at  work  at  any  tintie  was  44.  aboslT* 
differait  ones  were  employed  by  the  contractor  befoi«  tbe  work  was  u«iii>irt>i 

The  following  is  a  summary  of  costs  and  welgfata: 

Total  cost  of  erecting  traveler  (labor) .  $    CM  A 

Total  cost  of  ereotiag  steelwork  (labor) 4,S79.U 

Total  cost  of  taking  down  traveler  (labor) 48.1? 

Total  cost  of  field  riveting  (labor) 3.MI.1I 

Total  coet  for  erecting  and  field  riveting 9.40I.C 

Total  weight  of  steel  in  atnioture  (tone) 1^ 

There  were  15.  400  H-in.  and  14.  900  ^-in.   fiekl  riveU  driven,   a 

total  of 30.» 

Cost  of  erecting  steel  (per  ton) f        9  H 

Cost  of  driving  field  riveta  (centa  eaeh) 13  I 

Prices  of  Water  for  Building  Purposes. — Engineering  and  Contrartiag!. 
April  1 1,  1017,  gives  the  following  data.  The  following  scdiedule  of  rates  t»iB 
force  at  Johnstown,  N.  Y.,  for  water  used  for  constnictk>n  purposes: 

Plastering  per  100  yd 2A  cts. 

Brick  per  1. 000 4  ct». 

Stone  per  cu.  yd .     2  cu. 

The  supply  must  be  specially  applied  for,  and  pennission  obtained  from  Ctt7 
Clerk  for  each  separata  building,  job  or  pleoe  of  work,  and  paid  for  at  the  tlnv 
application  is  made  for  the  pennit. 
The  rates  at  Detroit,  Mich.,  aie: 

Brick  per  1.  000 • f0.05 

Plaster  per  100  sq.  yd 07 

Concrete  per  100  cu.  yd 1 .  00 

Concrete  6  in.  thick  or  less  per  100  sq.  yd 20 

Tile  per  100  cu.  ft 05 

Each  perch  stone 01 

Cost  of  Mannfactariag  Concrete  Roof  Tile. — D.  Helmuth  (Concreta,  Oct.. 
1019)  gives  the  following: 

The  size  of  the  tile  Is  9-in.  by  14^  In.  By  concentrating  efforta  on  labor 
saving  devices  the  output  of  the  machines  was  increased  from  250  tiles  each 
man  per  day  to  600. 

To  quote  Mr.  Helmuth: 

We  make  our  tile  on  the  well-known.hand-operated  type  of  machine.  We 
figure  a  profit  of  8%  on  our  entire  investment,  and  from  June  and  July,  1919. 
figures,  it  works  out  as  follows: 

Oment.  per  bbl.,  $2.32,  at  the  mixer. 

Washed  sand,  either  river  or  bank— that  Is.  practically  free  ftom  loam— at 

iL33  per  ton,  at  the  m\m. 


BUILDING  CONSTRUCTION  1611 

Pure  red  and  brown  color,  $0.17  per  lb.,  unmixed. 

Tile  made  on  a  piece-work  basis,  at  1  ct.  per  tile. 

The  operators  have  the  mix  brought  to  the  machine,  as  well  as  the  pallets, 
all  ready  and  oiled,  and  the  tile  removed  from  the  pallets,  for  the  tile  operator, 
by  a  laborer  that  costs  us  60  cts.  per  hour. 

A  first-class  man  to  make  special  pieces,  at  70  cts.  i)er  hour. 

Figure  8%  as  a  charge  on  a  capital  investment  of  $50,000. 

Water,  light,  power,  heat,  factory  and  office  rentals,  and  every  conceivable 
overhead  necessary  today  in  the  operation  of  a  modem  business  that  requires 
about  this  amount  of  capital  are  charged  up. 

Everybody  in  the  imit  is  an  expert  man. 

Results — Tile  produced  and  stacked  in  the  yard  for  4  cts  a  piece,  or  $6.00  per 
square,  counting  150  pieces  to  a  square.  '  1  ■ 

Cost  of  Concrete  Block  Manufacture. — S.  H.  Wightman.  in  Engineering 
World,  Sept.,  1920,  gives  the  following  cost  anaijrsis  made  by  him  in  March, 
1920. 

Quality  of  block  which  will  stand  1500  lbs.  per  sq.  in.  in  28  days 

Average  capacity  per  day,  1000  8  by  8  by  16 — 300  days  =  300.000  per  year. 

Average  cost  of  factory  building.  $5000.  Wood.  (For  modem  plant  add 
$10,000.) 

Average  cost  of  equipment,  $1Q,000.     (See  schedule  "A.*') 

Average  cost  working  capital.  $10,000. 

Factobt  Pboduction  Ck>8T8 

Cost  per 
block 

Cement— 12  bFocks  to  a  bag  at  $2.40  per  bbl.  net $0.0505 

Lobs  on  cement  bags   .06  cts.  bbl. 
Sand  and  gravel — 50  blocks  per  cu.  yd.  at  $3  yd .06 

Day 

Productive  labor — 1  Machine  operator $  8. 50 

1  Oflf  bearer 8.00 

1  Mixer  man 8. 00 

2  Men  stocking,  etc 7 .  50 

7.50 

1  Cement  and  gravel 7 .  00 

$46.50             .0465 
Total  per  block. , 01570 

Factobt  Ovbbhead  , 

Non-productive  (indirect  labor)  ^  Day 

Supt.  and  general  overseer , . . .   $10 .  00  . 

Extra  all  around  man 8 .  00 

Night  man ^ 7 .  00 

$25.00  $0,023  . 

Coal.  1  ton  per  week  @  $8.40  per  ton 0014 

OU,  water  and  light,  $1.70  per  day 0017 

Power,  $2.50  per  day 0025 

Repairs  and  maintenance,  materials  $9  per  week 0015 

Factory  expenses,  freight  &  cartage  $6  per  week , .001 

Depreciation  on  equipment  (15  %  on  $10,000  «  $5  per  day) .  005 

Depreciation  on  buildingB  (5  %  on  $5,000  <-  .838  per  day) 00088 

Breakage  in  manufacturing  blocks  per  day  at  .28  cts.  »  $5.60  per  day       .0056 
Workingmen's  compensation,  4  %  of  $72.50  per  day  »  $2.90 .  0029 

Total  per  block , .  - $0.04542 
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Dbuvbst  and  Bauds 

Loadinc  blocks 90. 008 

Freight  and  cartage  out 035 

Extra  cartage 
Delivery  breakage 
Commission 

Adjustments  \ 001 

Service 

Estimates 

Advertifldng 

Net  discounts  on  sales  2  %  >■  S7  per  day 007 

Total  per  block $0,051 

ExBCunva  Ovkbhxad 

General  manager  (owner)   $5000  year  »  $16.66  per  day $0.01666 

Office  expense,  $1  per  day 001 

Taxes 0005 

Insurance,  buildilig  equipments  and  m«teiials 0005 

Interest  on  loans,  $5000  at  6  % 001 

Loss  on  bad  accounts, $300  per  year 001 

Rent  on  land,  $100  month 004 

Total  per  block , $0.02466 

schbdulk  "a" 

Eqctipmbnt  to  Makb  300,000  Blocks  veib.  Ybab 

Block  machines  and  attachments r $3 ,  200. 00 

40  Block  cars 1,600.00 

Tracks,  ties  and  transfers 500. 00 

PaUets 1,000.00 

2  Mixers 500.00 

Gravity  conveyor 100.00 

Boiler 400.00 

Piping  and  heating 200.00 

Motor,  10  horsepower 250.00 

Wiring : 200.00 

Millwright  installation  material 4SO.00 

Office  equipment * 185.00 

Tool  and  factory  supplies 400.00 

Bag  bundling  machine 35. 00 

Drawings 350.00 

General  expense 600.00 

Total $10,000.00 

From  this  analysis  it  may  be  assumed  that  good  block  will  cost  29  cts.  to 
manufacture  and  if  sold  at  35  cts.  each  will  yield  a  profit  of  17%  on  the  gross 
sales.  As  the  quantities  of  materials  are  stated  and  other  units  of  labor  given 
any  one  can  substitute  local  prices  for  those  given,  change  the  total  accordingly 
and  arrive  at  what  should  be  the  cost  prices  in  any  district.  Needless  to  say, 
a  fair  profit  should  be  added  to  total  manufacturing  and  selling  costs. 

Costs  of  Upkeep  and  Repairs  on  a  Large  Building. — Walter  R.  Mets  in 
Engineering  News-Record,  Ailg.  5,  1020,  gives  the  following: 

The  costs  as  given  cover  a  group  of  ten  buildings  all  connected  together  but 
not  all  under  one  roof.  The  main  building  is  seven  stories  high  and  the  other 
buildings  are  from  four  to  six  stories  high.  All  of  the  buildings  were  designed 
for  heavy  loads  and  heavy  machinery  and  are  used  for  a  printing  plant.  The 
floors  in  the  main  building  were  designed  lor  loads  ol  300  lb.  per  sq.  ft.  and  In 
the  other  buildings  200  lb.  per  sq.  ft. 

Costs  have  been  given  for  each  year  from  1012  to  1019  indusive  and  indi- 
cates the  gradually  increased  cost  of  both  labor  and  materials.* 
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Flo<m, — ^All  floors  were  leveled  up  with  concrete  and  finished  with  hard 
maple  Mocks  2^  X  12  X  >l  in.,  cut  with  interlocking  grooves  and  projec- 
tions on  the  sides  and  near  the  lower  faces  of  the  blocks.  These  blocks  were 
dipped  so  as  to  coat  the  imder  side  with  hot  bitiuninous  mastic  and  appliejd 
to  the  concrete,  which  had  been  previously  prepared  by  giving  it  a  coattif 
bituminous  varnish.  The  total  area  of  the  floors,  in  round  numbers,  is  250,- 
600  sq.ft. 


Year 

Labor 

Material 

Total 

Cost  per  square 

1919 

$2,387.69 

$267.48 

$2,655.17 

$1.06 

1918 

2,787.91 

132.57 

2,920.48 

1.16 

1917 

2,454.53 

202.30 

2,656.83 

i:o6 

1916 

1,178.87 

125.31 

1.303.68 

.52 

1915 

1,058.33 

99.01 

1,167.34 

.46 

1914 

1,005.17 

57.86 

1.063.03 

.42 

1913 

1,336.54 

95.87 

1,432.41 

.57 

1912 

1,055.09 

121.59 

1,176.68 

.47 

Roof, — The  roof  is  of  reinforced-concrete  slabs  supported  by  steel  beams. 
It  was  flnished  with  flat  vitrified  tUes,  laid  on  a  base  of  Neufchatel  asphalt 
mastic.  The  mastic  was  applied  in  two  coats  with  a  layer  of  fine  wire  netting 
between  to  serve  as  a  bond.  Each  tile  was  stuck  fast  to  the  mastic  with  a 
spoonful  of  bituminous  cement.  The  inclination  of  the  roof  is  about  1  to  7. 
This  is  rather  steep  for  tiles  on  an  asphalt  base  but  the  whole  roof  has  stood 
up  remarkably  well.    The  total  area  of  the  tile  roofing  is  50,700  sq.  ft. 


Year 

Labor 

Materials 

Total 

Cost  per  square 

1919 

$  726.91 

$  16.20 

$     743.11 

$1.46 

1918 

2,038.80 

459.96 

2,478.76 

4.88 

1917 

392.38 

12.82 

405.20 

.79 

1916 

640.78 

166.03 

809.81 

1.59 

1915 

102.13 

4.95 

107.08 

.21 

1014 

667.96 

89.33 

747,29 

1.47 

1913 

493.70 

§6.94 

476.64 

.94 

1912 

239.11 

28.54 

267.65 

.52 

Steam  Heating. — The  total  volume  of  the  main  building  is  7,600,000  cu.  ft. 
The  system  of  heating  is  the  direct-indirect,  the  coils  being  placed  in  podcets 
under  the  windows  with  dampers  for  admitting  fresh  air  lind  baffles  for  deflect- 
ing the  air  to  the  floor,  whence  it  would  have  to  rise  through  the  coils.  The 
total  radiation  is  70,000  sq.  ft.,  consisting  of  604  steam  coils  apd  35  cast-iron 
radiators.    The  ratio  of  heating  surface  to  the  volume  of  the  building  is  108. 

In  addition  to  this  there  is  approximately  30,000  sq.  ft.  of  radiation  in  coils 
in  the  other  buUdings,  making  the  total  radiation  approximately  100,000  sq.  ft. 


Year 

Labor 

Material 

Total 

Cost  per  100  sq. 
ft.  of  radiation 

1919 

$3,928.23 

$     601.46 

$4,529.69 

$4.53 

1018 

2,631.21 

2,000.38 

4,631.59 

4.68 

1917 

3,823.02 

523.04 

4.346.06 

4.34 

1916 

3,183.45 

694.11 

3,877.56 

3.87 

1915 

2.635.52 

222.35 

2,857.87 

2.85 

1914 

2,643.43 

399.83 

8,043.26 

3.04 

1913 

2.870.56 

480.71 

8,851.27 

3.35 

1912 

2,436.34 

343.97 

2,780.31 

2;  78 

Plaster. — Plaster  on  ceilings  was  applied  to  a  concrete  surface  and  three 
coats  of  plaster  were  applied.  The  flrst  and  second  coats  were  heavily  gaged 
with  Portland  cement,  the  idea  being  to  secure  a  hard  plaster.  Around 
beams  the  plaster  was  applied  to  wire  mesh.    The  plaster  was  rather  thick 
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ma  niB  Denemi  if  woom  fumncnMiea 
about  ^  in.  thick.    Hie  pfaMter  oa 
tobeicoKnred  after  sbout  dsht  or  tea 
i«fll  is  sood  Aape  altiMN«|i  about  18 


Yev 

lappnnumaM 
Labor 

1919 

$  993. «3 

1918 

82.61 

1917 

9.026. S2 

1916 

2.650.62 

1916 

661.68 

1914 

466.66 

1913 

858.77 

1912 

678.42 

Year 

LabcM- 

1919 

$564.58 

1918 

883.44 

1917 

608.88 

1916 

910.38 

1915 

691.04 

1914 

855.72 

1913 

440.42 

1912 

435.80 

8  21.83  81.016.46  80.28 

62-81  .017 

066.49  9.983.01  2.77 

400.81  3.009.43  .S5 

61.66  733.34  .20 

3.60  470.26  .13 

38.44  897.21  .24 

96.47  674.89  .18 

Doar§. — ^Tbere  are  223  doors  of  all  sixes  and  types  in  the  boHdinss,  single- 
acting  hinged  office  doors,  double-acting,  plain  sliding,  and  automatic  siidiBs 
fire  doors.  These  doon  receire  very  hard  usage  and  need  T*Nwtant  attentioo. 
Practically  all  of  the  double-acting  doors  have  wire  glass  in  the  iQ^>er  panels. 

Material  Total  Coat  per  door 

$109.18  $    673.76  83.02 

182.91  1,066.35  4.78 

186.08  783.91  3.51 

224.22  1.134.60  5  08 

148.46  839.50  3.76 

143.86  1.099.57  4.93 

130.28  570.70  2  56 

142.81  578.61  2  89 

Windows. — There  are  2,290  windows  in  the  buildings,  most  of  them  of  the 
double-hung  sliding  type  with  a  few  of  the  hinged  type.  Glass  sizes  Tary  from 
12  X  18  in.  to  36  X  60  in. 

Year  Labor 

1919  $603.67 

1018  794.70 

1917  486.97 

1916  729.51 

1916  421.47 

1914  758.72 

1913  474.50 

1912  564.12 

Plwnhing. — Fixtures  in  the  building  consist  of  240  water  closets,  338  wash- 
basins, 90  urinals.  21  slop  sinks,  120  drinking  fountains,  80  fire  hose  and  racks. 
The.rei>alr8  includes,  of  course,  repairs  to  the  necessary  piping  as  well  as  to 
repairs  to  fixtures.  It  is  difficult  to  find  any  unit  basis  so  total  amounts  only 
are  given. 

Material  Total 

$406.08  $5,810.71 

352.87  5.662.18 

556  05  5.086.14 

464.06  3.766.66 

237,03  3,212.80 

238.96  3,180.36 

305.26  3.133.52 

160.80  2,411.18 


Material 

'     Total 

Cost  per  window 

$220.26 

$    713.93 

$0.31 

294.87 

1.088.67 

.47 

161.72 

648.69 

.28 

191.99 

921.60 

.40 

76.46 

497.93 

.21 

168.70 

927.42 

.40 

108.95 

583.45 

.25 

174.40 

738.52 

.32 

Year 

>  Labor 

1919 

86.304.63 

1918 

6.309.31 

1917 

4.530.09 

1916 

8.291.66 

1916 

2,974.8t 

1914 

2.941.40 
2,^38.26 

1913 

1913 

2.260.82 
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Depredation  of  OiBce  Buildings. — (Engineering  and  Contracting.  Dec.  25. 
1918.)  After  much  research  work  in  many  leading  cities  the  committee  on 
Taxation  of  the  National  Association  of  Building  Owners  and  Managers  has 
reached  the  conclusion  that  the  minimum  annual  depreciation  of  normal  office 
buildings  is  3  per  cent  of  actual  building  cost  for  each  of  the  first  ten  years, 
2.5  per  cent  for  the  second  10  years.  2  per  cent  for  the  third  10  years,  and 
thereafter  doubtful.  These  figures  are  given  by  H.  J.  Burton,  chairman  of  the 
committee,  in  a  report  to  the  Govemment  Advisory  Coimdl  of  Real  Estate 
Interests.    The  report  also  states: 

"  The  best  authorities  consider  that  there  is  a  steady  and  inevitable  annual 
depreciation  ranging  from  1.5  to  2  per  cent  for  the  structural  portipn  of  the 
average  modem  office  building,  and  from  7  to  10  per  cent  per  annum  for  the 
mechanical  plant  and  equipment.  This  makes  the  annual  depreciation  of 
the  combined  structure  and  plant  3.2  per  cent  per  annum. 

"The  obsolescence  of  the  ornamental  and  finishing  work  and  of  the  archi- 
tectural plan,  which  reduces  the  competitive  earning  capacity  of  the  building, 
should  also  be  allowed,  and  should  be  differentiated  from  the  obsolescence  or 
decadence  of  the  location,  which  is  reflected  in  the  reduced  land  values." 


CHAPTER  XXIV 
ENGINEERING,  SURVEYING  AND  OVERHEAI>  CX)STS 


References. — Furtber  date  €m  cost  at  suncjiag  are  gtven  in  GOleOe's 
"Haodbookof  Cost  Date.**  Chapter  I  of  "  Mediamcal  and  Electrical  Cost 
Data  "by  Gillette  aod  Dana  contains  many  data  on  oreriiead  and 
costs. 

Schedale  oi  Cbarg  es  lor  Bacimeeriac  Scrncea. — Ensineerins  «>d 
iDg,  Mardi  13.  1918.  gives  tbe  f<rikiwing  abstract  at  a  paper  by  Kdmnnrt  T. 
Perkins  presented  ai  tbe  1918  annual  meeting  of  nHnoiB  Society  of 
Engineers. 

Ttie  various  services  rendered  are  rtawwiftrd  as  foDcms,  and  are  genefallr 
diarged  for  on  a  percentage  basis,  except  surveying  wfaidi  abookl  be 
per  diem. 


1—1 

2 — PreHminary  reports. 
3 — Sorves^iiic. 
4 — Plans  and  q>ecificati(His. 
6— Details. 

6 — Supervision  and  progrcas  estimates. 
7 — Superintendenee. 
8 — Alterations. 
9 — Professional  advice. 
10— Consultation. 
11^-Court  work  or  arbitration. 

Reconnaissance  work  is  necessary  wben  no  data,  or  incomplete  data,  bave 
been  secured,  and  is  preliminary  to  general  planning  of  project  and  securing  of 
data. 

Preliminary  reports  are  made  wben  tbe  necessary  data  on  wbidi  tbe  report 
is  based  have  been  secured  of  such  detail  and  accuracy  as  to  pomit  of  proptf 
advice  being  given  or  design  made. 

Surveying  covers  every  class  of  field  work  which  is  not  a  part  of  reconnais- 
sance work.  It  includes  all  location  lines  for  roads,  canals,  railroads,  etc.  all 
level  lines,  all  sinking  of  wells  or  experiment  work,  besides  aU  classes  of  land 
surveying  and  land  subdivision,  and  compensation  therefore  should  be  on  a 
salary  or  per  diem  basis  with  expenses  paid. 

Plans  and  specifications  are  required  as  the  basis  for  letting  of  contracts  or 
for  the  information  of  the  owner,  employer  or  consulting  engineer,  and  afford 
a  full  description  of  the  work.  They  are  implied  by  the  necessities  of  tbe  work 
even  when  not  required  by  the  owner,  and  include  an  estimate  of  tbe  cost  of 
the  work.  Plans,  when  adopted  and  approved,  must  be  so  endorsed  by  both 
owner  and  engineer. 

1616 
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Details  are  not  always  an  essential  of  the  constniction  work,  and  the  rate 
charged,  therefore,  is  flexible,  varying  with  the  amount  of  detail  work. 

Supervision  and  the  making  of  progress  estimates  should  always  be  required . 
that  the  engineer  responsible  for  the  plans  and  specifications  should  be  satis- 
fied, by  personal  inspection  that  the  specifications  are  fully  complied  with  and 
satisfactory  progress  made.  When  superintendence  is  paid  for,  as  defined 
in  the  next  section,  there  is  np  additional  charge  for  supervision. 

Superintendence  of  construction  must  be  had  by  a  superintendent  mutually 
acceptable  to  owner  and  engineer.  The  schedide  rate  for  superintendenciB 
applies  when  the  engineer  who  has  designed  and  planned  the  work,  or  his 
assistant,  superintends  construction.  All  other  employes  than  such  assistant 
or  assistants  are  to  be  paid  by  the  owner. 

Alterations  may  be  required  at  any  time  by  the  owner,  or  become  necessary 
by  reason  of  unforeseen  conditions  or  changes  in  the  size  of  projects.  The 
schedule  rate  applies  to  such  alterations  as  may  be  required  by  the  owner — 
alterations  becoming  necessary  by  reason  of  unforeseen  condition  or  acci- 
dents are  covered  by  percentage  charges  on  the  aggregate  costs. 

Pnrfessional  advice  is  always  charged  for  according  to  interests  involved, 
charges  being  based  on  value  of  services  rendered,  not  on  time  required  in 
arriving  at  conclusions  or  opinions. 

Consultation  with  engineers  who  have  made  certain  branches  of  professional 
work  a  specialty  may  be  requested  by  the  engineer  having  general  <diarge'of 
the  work,  or  may  be  required  by  the  owner.  Charges  for  consultation  work 
being  based  on  value  of  services  rendered,  not  on  time  required  in  arriving  at 
conclusion  or  opinion. 

Court  work  as  an  expert  or  as  arbitrator  in  settlement  of  controversies, 
condemnation  proceedings,  etc.,  in  the  interest  of  the  owner,  is  entitled  to 
additional  pay  at  a  rate  to  be  agreed  upon. 

Schedule  rates  cover  compensation  only  for  engineering  services:  that  is, 
the  services  of  the  engineer  and  his  engineer  assistants. 

All  expenses  incurred  for  materials,  blue  prints,  or  for  transportation,  hire 
of  helpers,  rodmen,  chainmen,  teamsters,  conveyances,  and  living  expenses 
vdien  away  from  regular  place  of  business,  are  a  separate  and  additional  charge 
against  the  own^,  as  is  a  reasonable  charge  for  general  office  expenses. 
-  Time  of  payment  is  according  to  agreement;  but  usually  is  arranged  on  the 
basis  of  a  preliminary  payment,  or  retainer,  and  an  advance  for  traveling  or 
other  expenses  aside  from  services;  and  further  payments  on  account,  if  the 
commission  extends  over  considerable  time. 

Final  pay  for  preliminary  reports  is  due  upon  presentation  of  report. 

Final  pay  for  reconnaissance  work  is  due  upon  completion  of  same. 

Pay  for  supervision  or  superintendence  becomes  due  on  progress  estimates 
made  for  payments  to  contractors,  or,  if  work  is  done  by  day  labor,  on  mqnthly 
appraisem^ts  of  work  done. 

All  percentages  are  computed  on  the  contract  price  or  actual  cost  of 
work. 

When  construction  covered  by  plans  and  specifications  is  not  carried  out, 
pay  for  these  plans  and  specifications  is  due  upon  coQipletion  of  the  estimate 
of  cost  of  work. 

The  several  items  of  payment  on  the  percentage  basis  become  due  from  time 
to  time  when  the  class  of  service  has  been  rendered. 

Per  diem  rates  apply  to  an  8-hour  day.    Extra  time  is  charged  for  on  a  basis 
of  IH  time  on  week  days,  and  twice  time  on  Sundays  and  legal  holidays. 
102 
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TaMLM  of  OlAmOBS — oh  PBBCmiCTAOK   Basu 

!5  'M       0«»-     Qa»       Q^    OS      Om       ^** 

,•»  2^       2  2  5         "^  ^  -^ 


/•  .« 


«r  «  «'^ 


5%      *^      *#      r*       •^       *~ 

loe 2.0  1.75  I.'S  1.0  0.75  0.5  0.4  0.3 

PtatiiniiiariM 1.5  1.0  0.8  0.6  0.5    0.4  0.3  0.2 

FUiM  and  specifications 4.0  3.5  3.0  2.5  2.0     1.5  1.3  1  2 

*  Supervision..- 2.0  1.8  1.5  1.3  1.1     l.O  0.8  0  6 

* Saperintendenoe 5.0  4.5  4.0  3.5  3.5    3.0  2.8  2  4 

tAlterations 7.0  6.5  6.0  5.5  5.0    4.5  4.0  3.5 

Ev^ythins  from  beginning  to 

completion  of  job 12.5     10.75    9.3    7.9    7.4     6.0     5.3     4.2 

*  Superyiaon  not  ehaned  for  when  saperintendence  is. 

t  Altotition  relates  only  to  value  of  work  involved  in  the  alteration. 

NoTB. — Percentages  are  computed  up<m  the  entire  cost  of  the  competed  work, 
exclusive  of  engineering,  or  upcm  the  estimated  cost  pending  execution  or  com- 
I^etion  of  same.  "Cost"  rtSen  ovUtf  to  such  part  or  parts  of  the  whole  wm'k  or 
project  as  the  engineer  may  deal  with. 

Table  op  Chabobs — on  Pbb  Dibm  Basis 
Chief  engineer     $500  retaining  fee,  $100  per  day  while  absent  from  office  and 

Assistant  chief  engineer — $50  a  day  while  absent  from  office  and  expraaea. 

Topogmphers,  assistant  engineos  and  ehi^  of  parties — $15  to  $25  a  day  while 
absent  from  office  and  expenses. 
.  DeflOgners — ^$12.50  a  day  while  absent  from  office  and  expenses. 

Instrument  men,  draftsmen,  computers — $7.50  a  day  whue  absent  6t>m  office 
and  expenses. 

Stenographers,  chainmen,  axmen — $3.50  a  day. 

NoTB. — ^Attendance  at  court  or  expert  testimony  for  any  fraction  of  a  day  is 
cons&iered  as  a  full  day. 

Charges  on  Other  Batee. — ^A  fixed  fee  for  services  rendered  may  be  charged 
by  acreement  where  a  long  engagement  for  professional  services  is  contem* 
plated ;  the  engineer  may  accept  sudi  retainers  an.  a  yearly  basis,  at  a  compen- 
sation not  less  than  that  of  the  permanently  employed  engineer  of  the  client. 
Except  in  cases  where  the  compensation  of  the  engineer  is  in  the  form  of  an 
annual  retainer,  the  agreement  between  the  engineer  and  his  client  should 
specify  the  period  of  time  during  which  the  compensation  of  the  engineer,  as 
determined  by  per  diem  charges,  fixed  fee,  or  agieed  percentages,  shaB  apply. 
If,  through  no  fault  of  the  engineer,  the  work  ^ould  not  be  completed  within 
the  time  so  specified,  an  additional  charge  may  be  made,  the  basis  for  which, 
if  practicable,  should  be  agreed  upon  in  advance. 

Mahoning  Valley  Bagineers*  Schedule  of  Fees. — ^The  Mahoning  Valley, 
Ohio,  engineers,  have  a  standard  fee  schedule.  The  schedule,  as  giviNi  in  the 
1918  report  of  the  Committee  of  Standard  Fees  of  the  Iowa  Kngineering 
Society  is  abstracted  in  Engineering  and  Contracting,  Jan.  22, 1918,  as  follows: 

Per  Diem  Rate. — Consultation,  opinion,  testimony,  prdiminary  investi- 
gation, reports,  and  consulting  capacity  upon  design,  mfnimtmi,  $25  per  day. 
(While  absent  from  city,  attending  court,  or  similar  duties,  <»-  traveling,  each 
day  of  24  hours,  or  fraction  thereof  ^lall  be  considered  as  one  day  Irreqiective 
of  the  actual  time  spent  on  the  case.  Otherwise  seven  hours  shaO  ccHistitute 
one  day.)  For  examination  or  reports  of  an  extensive  nature  covering  several 
days,  minimum,  $15  per  day.    Engineer  in  charge  of  fidd  work,  minimum. 
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SIO  per  day.  Assistants,  classed  as  instrumentman  of  party,  minimum,  $5 
per  day.  Assistants,  classed  as  rodmen,  chainmen,  etc.,  Tnininmin)  $3.50  per 
day.  Inspector  on  paving,  sewer,  etc.,  minimmn,  $3.50  per  day.  Minimmn 
cliarge  for  field  work,  $10.  To  all  the  above  an  additional  charge  will  be 
made  to  cover  actual  expense,  including  $10.    Residence  lot,  Tninin^iim  charge, 

sio. 

Office  Work. — Calculating,  draughting,  etc.,  $10  per  day.  Minimum  charge, 
$2.50.  Minimum  charge  for  one  map,  $5.  Engineer  to  retain  original  draw- 
ings, but  to  furnish  one  print  copy  to  client  and  if  plat  is  for  public  record  one 
copy  on  tracing  cloth  in  addition.  Additional  copies  to  be  furnished  client 
at  cost. 
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Contract  Price  in^lOOO 

FlQ.   1. 


Percentage  of  Cost. — Engineering  and  supervision  for  sewer  district  or  system, 
or  disposal  plant,  minimum: 

Contracts  under  $3,000,  per  diem  rate.  Contracts  under  $30,000:  First 
$15,000,  8  per  cent  of  estimate.     Second  $15,000,  7M  per  cent  of  estimate. 

For  Powng.— Contracts  under  $3,000,  per  diem  rate.  Contracts  under 
$30,000:  First  $15,000,  7  per  cent  of  cost.  Second  $15,000,  6H  per  cent  of 
cost.    Client  to  pay  for  one  inspector  on  percentage  work. 

The  above  rates  are  a  base  for  contracts  with  a  reasonable  time  limit  in  the 
contract  and  all  overtime  to  be  based  on  the  per  diem  rate. 

Cost  of  Engineering  and  Inspection  on  Street  and  Sewer  Construction  in 
Spokane,  Wash. — Fig.  1,  given  in  Engineering  and  Contracting,  July  0, 1913, 
shows  the  cost  of  engineering  and  inspection  on  sewer  construction  and  street 
improvement  work  in  Spokane,  Wash.,  during  the  year  1012.  It  will  be  noted 
that  four  curves  are  given  on  the  diagram  lowing,  respectively,  the  cost  of 
street  engineering,  street  inspection,  sewer  engineering  and  sewer  inspection. 
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The  cost  of  the  engineering  and  inspecticm  Is  sUted  ms  a  peicentoge  «( tfar 
contract  price. 

In  Engineering  and  Contracting,  Aug.  20.  191S,  a  letter  fram  Akxudir 
Potter  commenting  on  Fig.  1  and  a  reply  by  Morton  Macartn^,  City  Ear- 
neer  of  Spokane,  Wash,  are  giyeo.  The  following  Is  taken  ttom  Mr.  Maoit- 
ney*8  reply. 

Relative  to  the  diagram  giving  engineering  costs  on  sewer  and  street  ««i 
in  Spokane  during  1012. 1  beg  to  state  that,  wfaHe  I  agree  thoroughly  with  Mr 
Potter,  that  no  engineer  in  private  practice  can  afford  to  do  sewer  «9gineaiiK 
and  supervision  for  mudi  less  than  from  5  to  7  per  cent,  3rou  wfll  notice  tte 
(in  Fig.  1)  we  have  segregated  our  inspection  from  our  engineering,  and  a 
order  to  get  what  the  ordinary  engineer  has  to  do  in  connection  with  a  sewr 
project,  he  must  add  these  two  together.  In  this  case  it  would  brli^  tlie  end 
of  our  engineering  and  supervision  up  to  about  from  3.8  per  cent  to  8  or  9 
per  cent;  or  assuming  the  limits  he  refers  to,  namely  $15,000  and  over,  the 
engineering  and  supervision  would  cost  not  to  exceed  5.6  per  cent  to  S.8  ivr 
cent.  These  curves  are  platted  from  actual  costs  covering  a  period  of  oar 
year  and  tally  very  closely  with  a  similar  curve  for  the  year  1011.  Nopriratr 
engineer  should  be  able  to  do  the  engineering  and  supervise  the  oonrtmctioD 
of  a  sewer  for  as  low  an  amount  as  a  municipal  department  doing  this  d«» 
of  work,  due  to  the  fact  that  all  run  off  data  and  other  items  usually  costior 
tbe  engineer  considerable  to  gather,  are  matters  of  record  resulting  ftam  so 
accumulation  that  comes  to  an  ofBoe  doing  that  dass  of  work,  usually  without 
a  very  great  expense. 

The  aggregate  work  for  the  jrear  amounted  to  $508,000  and  consisted  of 
almost  all  classes  of  sewer  construction  work,  varsring  from  an  8-lncfa.  vitrilM 
pipe  to  a  large  reinforced  concrete  sewer,  totaling  slightly  over  13H  mUes. 

The  engineering  costs  include  the  cost  of  actual  time  spent  by  Held  corps. 
inspectors,  and  designing  engineers,  with  a  10  per  cent  overhead  expense  oo 
the  part  of  the  general  office. 

Cost  of  BngineeriAg  ia  Small  Towas  ia  MississippL — ^The  following  is  from 
a  tabulation  given  by  C.  L.  Wood  in  Engineering  and  Contracting.  May  !• 
1912. 


Tjrpe  of  work  Town 

Street  grading,  storm  drains 

and  brick  gutters Newton 

Macadam  and  storm  sewem 

and  sidewalks West  Point 

Storm  sewers,  concrete  curb 

and  gutter Columbus 

Concrete  sidewalk Boonevillo 

Macadam  paving West  Point 


Amount  of     Kngine«^ 
Contract     ing  Coat,  f; 


$  8.000 

85,000 

8.000 

15.000 

6.200 


mg  Coat, 

6.6 

4.0 

7.0 
3.5 
7.3 


EqorralcBt 

of 
Pcrcttitafle 

$125.00 

166.67 

166.67 
150.00 


Cost  of  Bngineeriag  oa  Sewage  DIspOHd  Plaat — ^Richard  Qould  in  giving 
the  costs  of  the  Dallas  Sewage  Disposal  Plant.  Engineering  News-Reccrd 
July  5th,  1917,  states  that  the  total  oost  of  the  plant  was  $571,575  of  which 
$36,962  was  for  engineering,  or  about  6.48%. 

Cost  of  Engineering  Sui^tvitloa  ia  Road  Woik. — Engbnserlng  and  Coo- 
fracting.  May  17,  l^lft,  g\ve»1i»l^a'^te*iB»ft»rt.tMin  a  paper  beftte  thB 
Pan  American  Road  Cou«t«a»^l'^*«>»*^^*^' 
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Based  on  inquiries  addressed  to  state  road  officials  the  following  data  were 
amassed  relating  to  cost  of  engineering  supervision: 

Alabama. — Bulletin  No.  4  shows  that  in  twenty  counties  the  percentage  for 
plans  and  surveys  was  about  3  per  cent  and  for  engineering  during  construc- 
tion the  percentage  was  al>out  5.9  per  cent  of  the  total  cost  of  construction. 
The  cost  of  all  engineering  work  would  be,  therefore,  about  8.0  per  cent  of  the 
total  cost  of  construction.    The  administrative  charges  are  not  shown. 

Arizona. — The  percentage  for  plans  and  surveys  is  4.6  per  cent  and  for 
engineering  and  inspection  during  construction  4  per  cent,  or  total  engineering 
and  inspection,  8.6  per  cent,  based  on  total  cost  of  construction  and  engineer- 
ing. The  cost  of  executive  and  administration  is  3.6  per  cent,  making  grand 
total  overhead  expenses  12.2  per  cent. 

Connecticut. — The  percentage  for  surveys,  plans,  etc.*  is  about  0.88  of  1 
per  cent,  and  for  engineering  during  construction  about  4.04  per  cent  of  the 
total  cost.  The  cost  of  the  work  done  by  the  state  highway  commission  in 
connection  with  roads  and  bridges  amounts  to  about  0.7  of  1  -pQx  cent  of  the 
total  expenditures  of  the  various  counties  on  roads  and  bridges. 

Kansaa. — On  bridge  construction  the  percentage  for  plans,  estimates,  s^eci- 
fieations,  etc.,  average  about  1  per  cent,  and  for  engineering  sui)ervision  and 
inspection  from  2  per  cent  to  5  per  cent  of  the  contract  price,  making  the  cost 
of  all  the  engineering  and  supervision  about  4.5  i)er  cent  of  the  total  cost  of  the 
work.  On  road  construction  the  percentage  for  all  engineering  and  super- 
vision on  macadam  and  concrete  roads  is  about  8  per  cent  of  the  contract 
price. 

Maine. — ^The  percentage  for  surveys,  plans,  specifications,  etc.,  is  about  2.27 
per  cent,  and  for  inspection  and  engineering  supervision  about  3.58  per  cent 
of  the  total  cost  of  the  work.  On  small  work  it  is  estimated  this  i)ercentage 
will  be  as  high  as  10  or  11  per  cent. 

Maryland. — On  the  state  aid  roads  completed  between  June  1,  1010,  and 
December  31, 1913,  the  percentage  for  suWey,  plans,  estimates,  etc.,  was  aboui 
0.5  of  1  per  cent,  and  for  engineering  during  construction  about  3.2  per  cent 
of  the  total  cost  of  the  work.  The  percentage  for  other  engineering  and  ad- 
ministration was  about  4.7  per  cent,  making  the  cost  of  all  engineering  and 
administration  about  8.4  per  cent  of  the  total  cost  of  the  work. 

Maa»achu8€U9. — The  percentage  for  surveys,  plans,  etc.,  is  about  1.9  per 
cent,  and  for  engineering  during  construction  about  4.5  per  cent  of  the  total 
cost  of  the  work.  The  cost  of  administration  is  about  1.2  i)er  cent,  making 
the  cost  of  all  engineering  and  administration  about  7.6  per  cent  of  the  total 
cost  of  the  work. 

Minnesota. — For  the  year  1914  all  the  expenditures  for  engineering  and 
supervision  amounted  to  about  5H  per  cent  of  the  total  cost  of  the  work  done. 
Mr.  Geo.  W.  Cooley,  state  engineer,  states  that  he  believes  this  amount  to  be 
smaller  than  is  desirable.  He  believes  very  nearly  10  per  cent  is  necessary 
for  actual  close  supervision. 

New  Jersey. — On  twenty  pieces  of  work  the  average  percentage  for  surveys, 
plans,  etc.,  was  1.8  per  cent  and  for  other  engineering  was  4.1  per  cent,  making 
the  cost  of  all  engineering  about  5.9  per  cent  of  the  total  cost  of  the  work.  The 
cost  of  administration  was  not  given. 

New  Mexico. — On  bridge  construction  the  expenditures  for  engineering  and 
inspection  amount  to  about  3  per  cent  of  the  total  cost.  On  road  construction 
the  expenditure  for  engineering  and  inspection  amount  to  about  5.2  per  cent, 
and  for  administration  and  office  engineering  about  7.42  per  cent  of  the  total 
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cost  of  the  work.    The  cost  of  all  engineering  and  administration  on  road 
construction  would  be  about  12.62  per  cent  of  the  totid  cost  of  the  work. 

New  York. — ^The  report  of  the  Commissioner  of  Highways  for  1014  shows 
about  11.2  per  cent  of  the  total  expenditiures  to  be  for  engineering  and  inspec- 
tion and  about  3  per  cent  for  administration,  making  the  cost  of  all  engineering 
and  administration  about  14.2  per  cent  of  the  total  expenditures. 

North  Carolina. — ^The  information  available  covers  a  few  roads  only  and 
shows  that  about  4.06  per  cent  of  the  total  cost  of  the  work  was  expended  for 
engineering  and  inspection.  The  administration  charges  appear  to  be  in 
addition  to  the  above. 

.  Ohio. — Bulletin  No.  22  shows  that  about  5.71  per  cent  of  the  total  cost  d 
road  construction  was  expended  for  engineering.  The  cost  of  administration 
api)ears  to  be  in  addition  to  the  above. 

Oregon. — Upon  various  pieces  of  work  reported  tor  year  ending  November 
30,  1914,  the  cost  of  engineering  varies  from  about  4  per  cent  to  about  0.4 
per  cent  of  the  total  cost  of  the  work.  The  cost  of  administration  is  not  shown 
separately. 

Pennsylvania. — ^The  report  for  the  year  10 13-14  shows  the  expenditures  for 
engineering  and  insi)ection  on  completed  contracts  to  be  about  5.6  per  cent  of 
the  total  cost  and  for  administration  about  1.4  per  cent,  making  the  csost  ci  all 
engineering  and  administration  about  7  per  cent  of  *the  total  cost  of  the 
work. 

Rhode  Island. — On  paved  roads  the  expenditures  ft»  surveys,  plans,  speci- 
fications»  etc.,  amount  to  about  2  per  cent  and  for  engineering  and  inspection 
about  2  per  cent  of  the  total  cost  of  the  work.  The  percentage  for  adminis- 
tration amounts  to  about  5  per  cent,  making  the  cost  of  all  engineering  and 
administration  about  9  per  cent  ot  the  cost  of  the  work. 

Virginia. — The  expenditures  for  all  engineering  and  inspection  amounted  to 
about  5  per  cent  of  the  total  cost  of  construction  in  1914.  The  oommissioner 
states,  however,  that  in  his  opinion  a  larger  percentage  would  result  in  a  sub- 
stantial saving  to  the  state. 

Wisconsin. — In  1914  all  overhead  charges,  including  engineering  and  admin- 
istration were  slightly  under  5  per  cent  on  road  construction.  The  inspector 
on  the  work  is,  however,  charged  to  construction.  The  cost  of  preparing 
plans  etc.,  for  bridge  construction  was  about  2.8  per  cent  of  the  cost  of 
construction. 

Engineering  Cost  of  County  Road  and  Bridge  Work,  Iowa  (Engineering  and 
Contracting,  Sept.  4,  1918). — ^The  total  expenditure  for  road  and  bridge  watk 
in  Iowa  in  1917,  according  to  Coimty  Engineers'  reports,  was  $15,165,476. 
an  increase  of  $828,420  over  the  amount  for  the  previous  year.  Of  the  total. 
$7,466,797  was  for  bridges,  $3,588,338  for  county  roads  and  $4,140,340  for 
township  roads.  The  total  expenditures  for  the  three  previous  years  were: 
1916.  $14,337,056;  1915,  $13,525,617;  1914,  $11,601,000.  The  percentage  ot 
engineering  cost  for  the  four  years,  according  to  the  Service  Bulletin  of  the 
Iowa  Highway  Commission,  was  as  follows: 


V 


-Per   cent- 


1914         1916         1916         1917 

County  engineering 2.85        2.75         2.53         2.58 

Highway  commissioA 64  .60  .63  .59 


Total  all  engineering 3.49         3.35        3. 10         8. 17 
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Cost  of  Sngineering  Sttpervi8i<ni,  Ohio  Highway  DeiMutment  (Engineering 
and  Contracting,  Nov.  18,  1014.) — ^A  publication  oif  the  Ohio  Highway 
Department  states  that  the  cost  of  engineering  supervision  of  road  and 
bridge  construction  work  by  the  department  has  been  as  follows: 

Percentage 
Year  of  total  ooet 

1914 ■» 4.03 

1912  and  1918 6.71 

1911  and  1912 6. 18 

1910  and  1911 6 .  40 

1909  and  1910 6. 39 

1908  and  1909 6 .  43 

1907  and  1908 6 .  28 

1906  and  1907 r 7.66 

During  the  current  year,  the  state  will  have  expended  $3,150,000  and  the 
counties  $3,460,000,  a  total  of  $6,600,000  in  the  construction  of  their  system. 

Cost  of  BngiAoering  on  Maine  Highway  Work  (Engineering  and  Contract- 
ing, Feb.  7,  1917.) — The  cost  of  engineering  by  the  Maine  State  Highway 
Department  for  23  gravel  road  contracts  let  in  1914  was  6.10  per  cent,  accord- 
ing to  an  article  by  Irwin  W.  Barbour,  assistant  engineer,  in  the  December 
Cornell  Civil  Engineer.  This  percentage  does  not  include  ofiOce  administra- 
tion.   Itemized  the  percentage  is: 

Per  cent 

Surveys 1 .02 

Plans  and  computations 96 

Advertising 04 

Engineering  during  construction 4.11 


The  roads  were  located  in  16  towns  and  aggregated  80.11  miles.    The  total 
cost  was  $625,383,  the  percentages  for  the  various  class  of  work  being: 


Per  cent 

Grading 33.77 

Drainage 10.36 

Surfacing 39 .  77 

Culverts 8 .  43 

Guard  rails 1-55 


Division  of  Coste  of  $18^000,000  Worth  of  Highways. — ^Engineering  Record, 
Oct.  28,  1916  gives  the  following:  ' 

With  the  expenditure  of  the  last  of  the  $18,000,000  which  was  authorized  in 
Califomia  In  1909  for  the  construction  of  trunk  highways,  the  highway  com- 
mission has  been  able  to  show  a  road  system  laid  out  in  complete  detail  with 
finished  roads  in  every  part  of  the  state  on  those  routes  where  the  immediate 
need  was  the  most  urgent.  The  aggregate  mileage  completed  includes  966 
miles  of  oil-surfaced  concrete  pavement,  129  miles  of  oiled  macadam  and  396 
miles  of  graded  dirt  road. 

Co»t8  Summarited. — ^A  review  of  the  costs  and  notable  features  of  the  work 
accomplished  by  the  commission,  from  which  the  following  has  been  taken,  was 
recently  prepared  for  Califomia  Automobile  Association  by  Eric  Wold,  who 
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was  retained  for  that  iniipose.    His  rteim^  of  tin  commlaBiQa's  statemoii 
of  expenses  shows  the  f<^owing  figures: 

Construction  cost: 

Payments  on  contracts,  matmab  and  day  labor  work $14. 284 .  553. 11 

Eouipment  (1.15  per  cent  of  construction  cost): 

Expenditures  of  all  Hhiwps  <rf  equipment  and  furniture 164.394.46 

Expenses  (16.64  per  cent  of  constructicm  cost): 

Expenditures  for  engineering,  lecal  acoountinc.  porrhsinng. 

lalxwaUwy,  services  and  expenses  incidental  thereto 2,372,757.41 

Total  expenditure  to  June  15.  1916 $16,821,703.98 

Total  amount  available  from  state  highway  fund 18.000.000.00 

Unexpended  balance  June  15,  1916 $  1.178.296.03 

Since  June  15,  1916,  at  which  time  the  foregoing  figures  were  brought  up  to 
date,  the  commission  has  obligated  itself  for  the  expenditure  of  an>roKinuiSdy 
the  entire  balance  remaining  out  of  the  original  $18,000,000. 

A  general  survey  of  175  contracts  under  which  the  commlsBioii  bas  let 
highway  construction  work  developed  the  following  average  prices,  wfakfa 
include  the  cost  of  material: 

Excavation,  including  clearing  right-of-way.  shaping  and  finw^hing  of 

roadbed,  watering  and  rolling,  per  cu.  yd SO. 41 

4-in.  concrete  pavement,  per  sq.  yd 738 

iH-iu-  asphalt  wearing  surface,  per  sq.  yd 45 

li-in.  oil  t<v,  per  sq.  yd ' 054 

A  total  of  2350  miles  of  road  was  surveyed  at  a  cost  of  $744,057.  or  $317  per 
mile.  Of  this  total  only  1,490  miles  have  been  constructed,  as  before  stated, 
so  that  the  cost  of  locating  ready  for  construction  about  860  miles  of  highway 
is  included  in  the  expenditures  made  to  date.  This  mileage  of  survey  cm  whidi 
construction  was  not  undertaken  was  necessary  because  of  the  difficulty  and 
delay  in  securing  certain  necessary  rights-of-way  whidi  forced  the  ooonmission 
to  construct  disconnected  lengths  of  road. 

The  handling  and  delivery  d  all  materials  used  on  construction  were  under- 
taken by  the  commission,  and  the  overtiead  charge  of  10  to  20  per  cent  of  the 
net  cost  of  the  contract,  which  is  usually  allowed  for  this  item,  was  bome  by 
the  commission  and  is  included  in  the  commission's  expenses.  A  summary  of 
the  equipment  which  the  commission  purchased  to  carry  on  this  work  is  as 
follows: 

CaLZPOBNIA   ROAX>-BuiIJ>INa  EQXnPMKNT 

Per  cent 
Equipment  Cost  salvage  Salvage 

Sand  plants $  27,259. 19  100         $  27.259. 19 

Construction  equipment 21,257.49  100  21 .257.49 

Engineering  equipment 25,716.10  50  12.858.05 

Furniture 21.328.05  40  8.631.22 

Stable 17.070.99  100  17.070.99 

Auto 41,380.55  40  16.552.22 

Camp 6,429.82  20  1.285.87 

Laboratory 3,952.74  50  1 .076.35 

$164,394.43  $106,791.38 

Therefore  the  17.79  per  cent  of  the  total  expenditure,  ndiidi  is  shown  in  the 
first  table  as  gross  overhead,  includes  in  reality  salvable  equipment,  surveys 
(the  advantage  of  which  has  not  yet  been  realized),  and  other  minor  items, 
such  as  designs,  supervision,  etc.,  given  gratis  to  counties  undertaking  inde- 
pendent road  work.    The  net  overhead  chargeable  to  the  construction  wo^ 
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on  the  roads  actually  built,  including  allowance  for  these  items,  amounts  to 
12.75  per  cent  of  the  gross  construction  costs,  which  is  considered  a  very  reas- 
onable allowance  for  net  overhead  on  public  work  of  this  character. 

Cost  of  Engineering  on  a  Million  Dollar  Road  Project  (Engineering  and 
Contracting.  April  3,  1918). — ^The  building  of  178  miles  of  roads  for  McClen- 
nan  County,  Texas,  cost  $1,075,000  for  construction  and  engineering,  of  which 
S35, 156,  or  about  4.6  per  cent,  was  for  engineering.  This  is  slightly  less  than 
S200  per  mile.  There  were  110  miles  of  gravel  roads,  63  miles  of  macadam 
(waterbound)  and  6  miles  of  concrete.  The  work  was  done  by  contract  under 
the  direction  of  the  county  engineer,  Rollen  J.  Windrow,  of  Waco,  Texas. 

The  following  are  the  itemized  percentages  of  the  total  cost  of  the  engineer- 
ing: 

Per   cent 

PreUminary  surveys 0. 28 

Office  expense , 0. 61 

Transportation  (including  first  cost  of  motor  oars) 0 .  39 

Field  engineering  and  inspection  on  construction 2.04 

Checking  gravel  and  stone 0. 85 

County  engineer's  salary 0. 41 

Total  engineering 4 .  58 

The  preliminary  surveys,  inclusive  of  making  plans  and  estimates,  involved 
surveying  20.3  miles  of  line,  which  was  done  at  a  cost  of  less  than  $15  a  mile, 
inclusive  of  expense  accounts.  The  salaries,  however,  were  low,  being  only 
$90  a  month  for  transitman,  $75  for  levelman  and  $50  for  the  other  men. 

The  office  expense  covered  office  supplies  and  the  salaries  of  a  bridge 
designer  at  $125,  a  chief  clerk  (who  was  an  engineer)  at  $100,  an  assistant 
cderk  (also  an  engineer)  at  $75  and  a  stenographer  at  $50. 

More  than  half  a  million  tons  of  gravel  and  stone  were  used,  and,  as  they 
were  furnished  by  the  coimty  to  the  contractors,  the  cost  of  checking  the  quan- 
tities was  treated  as  an  engineering  expense,  which  amounted  to  0.85  per  cent 
of  the  total  cost,  or  1.8  cts.  per  ton. 

The  cost  of  engineering  on  this  road  project  was  unusually  low,  perhaps 
half  what  such  costs  average  in  northern  states;  but  the  salaries  were  low  and 
the  construction  was  fairly  continuous,  the  project  being  completed  within  two 
years. 

The  Cost  of  Measuring  Base  Lines. — In  Engineering  News,  Mar.  16, 1911,  a 
paper  by  Wm.  Bowie,  Inspector  of  Geodetic  Work  for  the  Coast  and  Geodetic 
Survey,  and  Chief  of  its  Computing  Division,  read  before  the  Washington 
Philosophical  Society,  explains  the  changes  which  have  been  made  on  the 
Coast  Survey  in  the  substitution  of  tapes  and  wires  in  place  of  bars.  At  the 
1914  annual  meeting  of  the  American  Association  for  the  Advancement  of 
Science,  at  Atlanta,  a  paper  was  again  presented  by  Mr.  Bowie  in  which  he 
more  fully  covered  this  subject.  The  following  is  from  Engineering  Newsi 
Feb.  19,  1914. 

According  to  Mr.  Bowie,  not  since  the  beginning  of  the  present  century  has 
the  Survey  made  use  of  the  old  bar  method  for  measuring  its  base  lines.  This 
change  of  practice,  however,  has  not  been  fully  appreciated  by  the  textbook 
writers  at  least,  as  treatises  on  surveying  published  in  fecent  years  describe 
the  use  of  bars  as  if  they  were  still  a  practical  tool  of  the  engineer.  Mr. 
Bowie  concludes  his  paper  with  the  remark  that  base-line  measurement  bars 
from  now  on  should  be  found  only  in  museums  and  deserve  a  prominent 
place  only  in  the  history  of  geodetic  surveying. 
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Cost. — ^With  the  modem  invar  tapes  or  wires  the  cost  of  base-Hue  measure- 
ments by  a  survey  party  averages  only  about  $60  per  kQometer.  Ttie  w<»^  ia 
of  a  high  degree  of  accuracy,  quite  comparable  with  that  obtained  by  bar 
measurement.  This  means  that  in  any  geodetic  triangulation  net,  base  Uses 
can  be  introduced  with  mudi  greater  frequ^icy,  so  that  in  order  to  secure  a 
given  degree  of  accuracy  it  is  not  necessary  to  introduce  so  miM^  r^nement 
in  measuring  the  angles  of  the  triangles. 

The  invar  tapes  used  by  the  Ck>ast  Survey  have  proved  to  be  much  less 
susceptible  to  injury  in  the  course  of  use,  resulting  in  change  of  lene:th,  than 
was  at  first  anticipated.  Mr.  Bowie  gives  values  for  the  constancy  of  length 
of  four  invar  tapes  used  on  the  Coast  Survey,  showing  that  the  total  range  in 
value  during  four  years  for  the  four  tapes  varied  from  one  part  in  170.000  to 
one  part  in  410,000.  The  difference  in  length  between  the  values  resulting 
from  the  length  when  first  standardized  and  when  last  standardized  varied 
from  (me  part  in  170.000  to  one  part  in  1,110,000.  Another  great  advantage 
in  the  use  of  tapes  over  bars  is  that  they  can  be  handled  by  comparatively 
unskilled  persons.  In  a  party  of  six  assigned  to  base-line  measurements,  only 
one  or  two  of  its  members  need  to  be  experts  in  base-line  work,  a  very  different 
condition  from  that  prevailing  with  the  micnmieter  bars  formerly  used. 

Cost  of  Surveys  for  Federal  Aid  Roads  Project  in  Kansas. — The  following 
figures,  given  by  E.  L.  Hageman  in  Engineering  and  Contracting,  Sept.  3, 1019, 
relate  to  surveys  made  in  the  early  part  of  1918  for  a  Federal  Aid  road  project 
in  Labette  county,  Kansas.  The  work  covered  approximately  44  mUes  of 
highway,  divided  into  four  sections,  as  fellows:  Section  A,  0.25  miles;  B. 
10.1  miles;  C,  10.83  mUes;  D,  13.91  miles. 

The  transitman  received  $100  per  month  until  May  1st,  excepting  two  days 
due  to  a  change  of  transitmen.  From  June  12th  to  June  27th,  the  transitman 
received  $150  per  month.  The  helpers  received  $2  per  day  until  March  1st. 
when  they  were  paid  $3  per  day.  The  time  was  derived  from  the  actual  num- 
ber of  days  worked,  as  the  helpers  were  working  by  the  day  and  the  transitman 
worked  in  the  office  during  inclement  weather. 

A  chtop  doth  tape  which  had  been  removed  from  its  case  and  the  free  end 
allowed  to  drag  on  the  ground  was  used  in  measuring,  it  b^ng  impractical  to 
be  continually  rolling  and  unrolling  the  tape.  The  tape  was  mndtk  easier  to 
handle  in  this  way  and  being  inexpensive  the  time  saved  more  than  offset  the 
additional  cost. 

Bench  levels  for  Section  A  were  started  on  Jan.  23  and  completed  on  Ftib.  5. 
The  following  is  a  summary  of  the  work  for  the  four  sections: 
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The  result  of  inexperienced  help  is  clearly  shown  in  Section  "  A  "  under  nriles 
per  day.  The  effect  of  rough,  hilly  country  is  also  shown  in  Section  "D" 
under  miles  per  day,  and  error  of  closure.  The  slower  progress  made  on  Sec- 
tion "A"  was  due  in  part  to  disagreeable  weather.  Sections  "B"  and  "C," 
over  which  progress  was  more  rapid,  are  similar  in  topography  to  "A." 
Three  circuits  were  re-run,  and  two  additional  circuits  have  poor  closures  but 
ivere  not  rechecked.  owing  to  the  limited  time  in  which  to  finish  the  survey, 
this  being  another  cause  of  the  poor  closures  in  Section  "  D." 

Center  line  surveys  on  Section  A  were  started  on  Feb.  6  and  completed  Feb. 
15.    A  summary  of  this  work  for  the  four  sections  fc^ows: 


No.  of  Length  of 

Section  miles/day  shots,  ft. 

A" '. 1.16  1,815 

B" 1.44  1,624 

•C" 1.67  1,518 

"D" 1.46  1,295 

5.73  6.352 

Average 1.43  1,588. 


4  i 
<< 


Section  "A"  shows  the  least  number  of  miles  per  day  as  in  bench  levels 
and  for  the  same  reasons  as  stated  before;  the  rate  would  have  been  propor- 
tionately smaller  had  it  not  been  for  the  longer  shots.  In  the  same  manner 
the  shorter  shots  in  Section  " D"  retarded  the  work. 

Cross  sectioning  was  started  on  Section  A  on  Feb.  11  and  finished  Feb.  28. 
The  following  is  a  summary  for  all  the  sections: 


Section 

••A" 

"B" 

•*C" 

"D" 

Error  of 
closure 

0.033 

0.066 

0.027 

0.063 

Length  of 
foresights 
and  back- 
sights 

272 
327 
302 
298 

1.199 
300 

No.  of 
miles 
/day 

1.23 
1.56 
1.48 
1.66 

5.93 
1.48 

No.  of 

shots 

■  /  day 

570 
732 
713 
639 

Average 

0.189 
0.047 

2,654 
664 

As  before,  Section  "A"  indicates  a  slower  rate  of  progress,  while  Section 
"  D  "  shows  the  best  progress,  which  can  be  partly  attributed  to  the  fact  that 
less  shots  were  taken  per  distance  traveled  than  upon  the  other  sections. 
Rainy  weather  retarded  progress  appreciably  on  Section  "  C."  The  closures 
on  Sections  "A"  and  "C"  compare  very  well  with  the  bench  level  closures 
for  the  same  sections.  This  would  seem  to  indicate  that  an  accurate  line  of 
levels  can  be  run  in  connection  with  the  cross  sectioning  by  using  the  necessary 
precautions.  The  larger  errors  accumulated  in  Sections  "BV  and  "D"  are 
attributed  to  inaccuracies  resulting  from  too  fast  work. 
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1 
2 
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2. 
1 
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$3.85 
2.00 
3.85 
3,00 
3.85 
3.00 
4.81 
3.00 


Total 

S30.80 
32.00 
29.95 
42.00 
25.03 
30.00 
45.70 
57.00 


P. 01 
C.83 
5.91 

7.38 
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No.  of 
Beoiiofi  days 

"A" 7H 

"B" 6H 

"C" •     7H 

1 


"IJ" 


rf? 


0 


No.  of 
men 

1 
2 
1 
2 
2 
1 
1 
1 
2 


Cost  per 

Rate  Total  mile 

$3.85  $28.88       

2.00  30.00  $6.37 

3.85  25.03       

3.00  39.00  6.34 

3.00  34.00       

4.81  4.81        

3.85  24.38  5.83 

5.77  44.93        

3.00  46.74  7.08 


An  auiomobHe  wm  used  on  the  survey  for  five  months.  The  total  miles 
traveled  In  the  survey  was  estimated  at  2,187.  This  number  was  arrived  at 
by  taking  the  distance  to  the  center  of  the  road  and  multiplsring  it  by  tvrioe 
the  number  of  trips,  some  days  there  being  two  trips  out  and  back  when  the 
party  came  in  at  noon. 

The  total  expense  of  running  the  car  for  the  five  months  was  $133.89.  kas 
one-eighth  the  amount  the  car  was  used  for  other  purposes,  -  $133.89  — 
$10.74  >•  $110.05.  Depreciation  «  $386  (cost  price)  -  $200  (soling  price) 
««  $1 85.  The  oar  had  been  out  nine  months  when  the  survey  began,  was  used 
on  the  survey  five  months  and  had  been  in*  use  21  months  when  sold.  Tbe 
amount  of  the  total  depreciation  charged  to  the  use  of  the  car  during  the 
survey  was  one-third,  or  $61.66.  The  total  expense  of  car  wis  $178.61  for 
2,187  miles  or  $0,082  pfer  mile. 
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The  instruments  and  materials  used  on  the  surveys  were  as  follows: 


Level  and  rod 

Field  books  and  pencils. 


Bbnch  Lbvels 

Cost 
$  50.00 


Stakes 

Transit 

Axe 

Tape 

2  cloth  tapes 

Field  books  and  pencils. 

Flag  poles 

m3 

Nails 


Cbntbb  Linbs 

Cost 

$57.16 
150.00 
1.00 
5.44 
5.00 
2.26 
6.00 
1.00 
.25 


Level  and  rod 

Field  books  and  pencils. 
4  cloth  tapes 


Cboss  Sections 

Cost 
S  50.00 


2.25 
4.00 


Depreciation 
2H% 


Depredation 


5% 
60% 
16% 
26% 

•   •   •   • 

6% 


Depreciation 
2H% 


Amount 

$  1.26 
1.16 

2.40 

Amount 

$67.15 
7.50 

.50 

.82 
1.25 
2.25 

.25 
1.00 

.25 

$70.97 

Amount 

$  1.26 
2.25 
4.00 


$  7.50 

This  gives  a  total  of  $80.37  or  3.697  cts.  per  mile. 

Allowing  for  one-fourth  time  of  the  County  Engineer  for  5  months  at  $166.66 
per  month  gives  a  cost  of  $208.33  divided  by  2,187  miles  or  0.6  cts.  per  mile. 
Figuring  in  this  cost  the  totals  for  the  surveys  were: 


Labor 

Car 

Instruments  and  materials. 
County  engineer 


Bench  levels 

$130.68 

47.64 

2.40 

55.20 


Center  lines 

$800.48 
67.24 
70.97 
77.90 


Cross  sections 

$277.77 

46.60 

7.60 

44.02 


$616.59 
$  11.72 


1919. 
1919. 


Totals $236.82 

Cost  per  mile $     5 .  35 

The' labor  cost  of  preparing  the  plans  follows: 

County  engpeer,  Kth  time  from  Feb.  1  to  July  1,  1918  at  $833.33. 
County  engineer,  >fth  time  from  Jan.  1  to  Jtuy  1   ^'""'^ 
County  engin«er,  }i  time  from  July  1  to  Aug.  15 

Assistant  engineer,  45>^  days  at  $3.80 

Assistant  engineer,  2  months  at  $125 

Assistant  engineer,  1  month  a    $125 

Assistant,  7  weeks,  at  $150  per  month 

Assistant,  4  dasrs  at  $4.17 

Assistant,  6  dajrs  at  $3.70 

Assistant,  9  days  at  $5 

Assistant,  3  months  at  $160 

Assistant.  Hth  time  for  3  months  at 

Miscellaneous  help 


$424.44 
$    9.84 


208.33 

142.86 

125.00 

157.64 

260.00 

126.00 

258.61 

16.88 

33.60 

45.00 

460.00 

131.26 

66.22 


Total $1,999.89 

As  the  surveys  covered  44.09  miles  of  highway,  the  labor  cost  of  preparin^t 
the  plans  was  $45.36  per  mile. 
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The  cost  ot  supplies  and  use  of  oflBoe  equipment  for.  plans  was  as  foUofWB: 

Ink,  pencils,  erasers,  etc .-•;••   ^  5 .  00 

Value  of  office  fixtures,  drawing  instruments,  etc..  $300.30;  depreciation 
at  4  %  or 12.01 

Total $17.07 

On  the  basis  of  44.09  miles  of  road  this  gives  a  cost  of  $0.39  per  mile. 

The  cost  of  blue  print  paper  was  1 1  cts.  per  sheet ;  the  cost  of  printing,  trim- 
ming and  binding  was  14  cts. ,  making  the  total  cost  per  sheet  25  cts.  Materials 
as  follows  were  used  in  preparing  the  plans  for  the  four  sections: 

216  sheets  blue  print  paper  at  25  cts $54.00 

90  sq.  yds.  plain  profile  cloth  at  70  cts 63.00 

90  sq.  yds.  cross  section  paper  at  20  cts 18.00 

11.7  sq.  yds.  tracing  clotn  at  37  cts 43. 29 

Total  44.09  miles  of  road  at  $4.05 $178.29 

This  gives  a  cost  of  $4.05  per  mile  of  road  for  the  blue  prints. 

The  cost  of  the  plans  was  $48.22  per  mUe,  and  the  cost  of  the  surveys  was 
$26.69  per  mile,  giving  a  total  cost  of  $74.91  per  mile. 

Cost  of  Road  Surveys,  Missouri. — In  Engineering  and  Ck>ntracting,  March  3, 
1920,  C.  O.  Sandstrom,  in  commenting  on  the  law  of  Missouri  fixing  the  price 
of  road  surveys  and  plans  at  $100  per  mile,  says  that  in  one  instance  on  a  22- 
mile  Job  an  engineering  firm  broke  even  at  $225  a  mile  and  on  another  job  of 
29  miles  a  small  profit  was  made  at  $175  a  mUe.  The  high  cost  in  the  first 
case  was  caused  by  breakage  in  an  organization.  In  both  jobs,  the  design  of 
culverts  and  bridges  up  to  20-ft.  span  were  included. 

Cost  of  Highway  Surveys,  Pennsylvania. — Engineering  and  Contracting, 
Aug.  19,  1914  gives  the  following  record  of  the  State  Highway  Department  of 
Pennsylvania. 

Cost  or  Survbtino  About  9,  000  Milbs  op  Hiqhwat  in  PsmfSTLVAiriA 
Item  Total  Cost  per  nule 

Surveying  main  line $442,597.98  $      47.87 

Plotting  main  line 72,432. 79  11 .36 

Checking  and  tracing  main  line 8,717.79  7.97 

Surveying  alternate  Une 15,461.22  50.45 

Miles  surveyed,  main  line 8,827.91 

Miles  plotted,  main  line 6.373.81 

Miles  checked  and  traced,  main  line 1 .094 .  40 

Miles  surveyed,  alternate  line 306. 36 

Cost  of  Road  Surveys  and  Plans  (Engineering  and  Contracting,-  Mai«di  7. 

1917). — The  cost  of  road  surveys  and  plans  made  by  the  forces  of  theWiscoo- 

sin  Highway  Commission  between  Aug.  15,  1915,  and  July  1,  1916,  under 

survey  contracts  with  counties  averaged  $24.79  per  mile.    The  figures  in 

more  detail,  according  to  the  Third  Biennial  Report  of  the  Commission,  are 

as  follows: 

Survesrs  made    Plans  completed 

MUes 894.27  706.69 

Cost  per  mile $     7.98  $16.81 

The  cost  of  Isolated  Road  Surveys  (Engineering  News^Record,  Oct.  4, 

^917). — Since  1913  the  State  Highway  Department  of  Illinois  has  made  mme 

Ilk  400  preliminary  surveys  of  roads  under  conditions  whidi  have  made  the 

iparative  cost  rather  high,  although  the  actual  cost  of  $26.40  is  but  asmaU 


ENGINEERING,  SURVEYING  AND  COSTS       1631 

item  of  the  final  cost  of  the  road  and  insignificant  in  comparison  to  the  cost  of 
errors  that  might  have  resulted  from  less  careful  surveys — or  no  surveys  at  all. 
This  work  was  done  on  roads  in  short  and  entirely  disconnected  sections.  As 
a  result  the  cost  of  transporting  men  to  and  from  the  intersections  was  large 
in  proportion  to  the  amount  of  work  accomplished  after  they  had  arrived  at  the 
work. 

All  of  this  work  was  preliminary  in  its  nature,  some  of  the  surveys  being 
made  in  prairie  land  and  some  in  rough  country.  Altogether  nearly  1,100 
miles  of  road  were  surveyed  at  an  average  cost  of  $26.40  per  mile.  The  aver- 
age rate  was  0.84  miles  per  day  and  the  average  length  surveyed  was  2.66 
miles. 

A  typical  party  consisted  of  two  engineers  at  $4  a  ^ay,  three  helpers  at  $2.50, 
and  a  team  at  $3.  Such  incidentals  as  transportation,  board,  lodging  and 
supplies  brought  the  total  cost  per  day  to  nearly  $25,  and  while  this  figure  is 
less-  than  the  cost  for  similar  work  done  by  a  private  engineer,  it  does  not 
include  such  charges  as  office  expenses  and  profits. 

Cost  of  Location  of  Mountain  Roads. — ^Will  R.  White,  Chief  Engineer  of  the 
State  Highway  Department  of  Washington,  in  a  paper  before  the  1912 
American  Road  Congress,  abstracted  in  Engineering  and  Contracting,  Oct. 
30,  1912,  gives  the  following: 

Co9U. — Our  location  for  mountain  work  should  cost  us  from  $150  to  $300 
per  mile.  These  prices  are  for  work  in  charge  oi  competent  engineers.  Some 
of  the  work  has  cost  us  more,  due  to  inexp^enoed  engineers.  Those  not 
familiar  with  our  mountains  will  think  this  cost  excessive,  but  when  you 
stop  to  consider  that  it  is  so  brushy  that  it  is  necessary  to  have  three  or  more 
axmen  to  average  a  mile  of  preliminary  line  a  day,  the  same  party  averaging 
a  half  mile  of  location  a  day,  you  can  get  some  idea  of  the  exi>ense. 

Our  location  parties  usually  consist  of  complete  transit,  level  and  topo- 
graphical crews.  The  camp  outfit  with  the  cook  make  15  men  to  the  party. 
In  most  cases  the  provisions  can  be  hauled  to  them,  but  in  some  instances 
pack  trains  are  required.  Our  final  locations  are  usually  made  from  contours 
taken  from  preliminary  lines.  In  the  settled  districts  and  in  the  open  country 
of  Eastern  Washington  the  cost  oi  location  will  range  as  low  as  $50  per  mile. 

Methods  and  Costs  of  Some  Extensive  Railroad  Surveys. — ^Early  in  1902 
the  Little  Kanawha  Railroad  began  surveys  for  extensions  eastward  from 
Palestine  to  Belington,  W.  Va.,  and  westward  from  Parkersburg,  W.  Va.,  to 
ZanesviUe,  Ohio,  and  about  a  year  and  a  half  later  for  a  line  northward  from 
Belington  to  the  Pennsylvania-West  Virginia  State  line.  These  surveys 
required  the  running  of  1,400  miles  of  preliminary  and  600  miles  of  located 
lines,  and  the  methods  used  and  the  cost  of  the  work  were  presented  by  W.  S. 
McFetridge  in  a  paper  heSore  the  A.  S.  C.  E.,  on  May  19, 1909.  The  following 
notes  are  taken  from  an  abstract  of  the  paper  in  Engineering  Record,  June  5, 
1909. 

The  survesrs  were  conducted  under  the  following  charters:  ZanesviUe, 
Marietta  A  Parkersburg  Railroad,  in  Ohio;  Parkersburg  Bridge  &  Terminal 
Railroad,  from  the  Ohio-West  Virginia  State  line  to  Parkersburg  (this  division 
indud^  a  bridge  over  the  Ohio  River  a  few  miles  below  Parkersburg) ;  Little 
Kanawha  Railroad,  from  Parkersburg  to  BumsviUe;  BumsviUe  A  Eastern 
Railroad,  from  BumsviUe  to  Belington;  Buddiannon  &  Northern  Railroad 
from  Belington  to  the  Pennsylvania-West  Virginia  State  line;  in  aU,  some  328 
miles  of  main-line  location,  exclusive  of  branch  lines. 

The  termini,  as  usual,  were  fixed;  physical  conditions  also  fixed  the  Little 
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Kanawfaa  Biver  as  the  only  outlet  to  the  Ohio.  Owins  to  local  oanfitiaQe,  it 
was  belieyed  that  the  heavier  traiBc  would  be  westbound,  and  theirfure  that 
every  effort  shouM  be  made  to  get  as  low  a  niUng  grade  as  poasihie  for  thn 
traffic  All  roads  previously  built  through  the  adjirining  reg:iaii8  bsve  loog 
stretches  of  1^  per  cent  grades,  and  curves  up  to  12  and  14  dep.  Tbe  fint 
surveys,  therefore,  were  of  a  preJimlnary  nature,  in  order  to  determiDe 
grades  and  curves  could  be  secured. 

After  a  number  of  surveys,  locations  and  ezplorstioDs  had  been  made,  it 
found  that  the  following  grades  and  curves  were  possiUe:  InCttiio,0.5 
grades,  4  deg.  Tnavimnm  curve;  Little  Kanan^ia  Division,  0^  per  cent 
8  deg.  TnaTimum  curve;  BumsviUe  and  Eastern  Divisicm.  1.0  per  cent  grades 
against  eastbound  and  0.^  per  cent  grades  against  westbound  traffic.  8  deg. 
maTJmum  curves;  all  grades  compensated  for  curvature  at  the  rate  of  OjM 
min.  per  degree.  These  results  were  obtained  in  each  case,  and  though  very 
easy  for  parts  of  the  country,  required  some  rath^'lcHig  continuous  grade  lines, 
the  longest  being  on  the  Bumsville  and  Eastern  division,  where  there  are  UO 
per  cent  grades,  7  miles  and  7H  miles  long,  respectivdy,  and  a  0.6  per  cent 
grade  14  mUes  long,  all  against  eastbound  traffic. 

The  topographical  sheets  of  the  United  States  Geological  Survey  were 
foundof  great  value  in  making  a  broad,  general  study  of  the  country.  Aiaif^ 
number  of  maps  of  small  scale  (1  in.  to  1  mile  or  even  smalls)  were  conqriled 
and  traced  from  various  State,  county  and  road  maps,  on  whldi  the  several 
survey  lines  could  be  indicated. 

The  general  direction  of  the  survey,  except  along  the  Little  Kanawha 
Division,  was  almost  directly  across  the  general  drainage  of  the  country. 

In  Ohio  a  direct  line  between  termini  was  first  examined,  but  was  found  to  be 
impracticable.  A  systematic  examination  toward  the  southwest  was  then 
made,  and  a  satisfactory  line  developed.  All  the  streams  here  lie  in  deep, 
narrow  valleys,  and  are  exceptionally  crooked.  The  only  feasible  way  to 
traverse  much  of  the  country  was  to  get  up  out  of  the  vall^s  and  stay  out. 
Such  a  method  necessitated  crossing  about  100  ft.  above  several  streams,  and 
running  short  tunnels  between  the  watersheds;  it  also  gave  the  atoorteei 
line,  the  easiest  grades,  and  the  lightest  curvature. 

The  main  problem  on  the  Parkersburg  Bridge  &  Terminal  Railroad  was  the 
determination  of  the  location  for  a  bridge  over  the  Ohio  River.  The  Govern- 
ment regulations  required  90  ft.  dear  head-room  above  low  water  and  no 
piers  in  the  main  channel,  which  necessitated  a  700-ft.  span.  The  location 
finally  adopted  is  about  5  miles  below  Parkersburg,  and  is  believed,  Mr. 
McFetridge  stated,  to  be  the  shortest  and  cheapest  railroad  bridge  crossing  the 
Ohio  between  Pittsburgh  and  the  Mississippi,  the  700-ft.  span  practically 
clearing  the  entire  channel. 

The  Little  Kanawha  Division,  in  general,  followed  the  Little  Kanawha 
River.  The  hills  rise  abruptly  from  the  river  banks.  The  river  is  very 
crooked,  and  to  follow  it  gave  a  long  line  with  much  curvature.  Much  dis- 
tance could  be  saved  by  cutting  through  the  country  at  various  points,  but 
the  work  was  very  heavy.  The  line,  as  finally  located,  is  a  combination  of 
river  and  cross  country  Une.  It  is  31  miles  shorter  than  the  river,  in  a  total 
distance  of  100  miles.  There  are  eight  tunnels,  usually  abort,  the  longest 
being  4,000  ft.  There  are  seven  river  crossings,  with  main  spans  from  100  to 
300  ft. 

The  Bumsville  and  Eastern  Division  is  in  the  central  mountain  part  of  the 
State.    The  highest  altitude  reached  is  1 ,725  ft.  above  sea  level.    The  country 
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was  very  rough  and  broken,  and  supporting  ground  for  grades  could  not  be 
found.  The  Buckhannon  and  Northern  Division  followed  the  river  for  about 
two-thir^  of  its  length,  the  other  third  being  cross-country. 

Field  parties  were  made  up  as  follows:  Assistant  Engineer  in  charge,  $125 
to  $150  per  month;  transitman,  $85  to  $100  per  month;  levelman,  $75  per 
month;  rodman,  $65  per  month;  head  chainman,  $50  per  month;  rear  chain- 
man,  $45  per  month;  rear  flagman,  $40  per  month;  stakeman,  $35  per  month; 
axemen  (from  two  to  five),  $30  each;  topographer,  $65  per  month;  tapemeii 
(two),  $45  each;  draftsman  (part  time),  $60  per  month.  Camp  outfits  were 
not  used.  The  parties  boarded  at  houses  along  the  line.  Each  party  was 
given  from  40  to  60  miles  of  line  to  cover,  depending  on  local  conditions. 

After  the  first  route  to  be  examined  had  been  chosen,  a  preliminary  line 
was  run  through;  then  the  alternate  routes  were  run,  all  surveys  being  tied 
together;  and  finally  the  lines  required  for  a  thorough  development  of  all  possi- 
ble routes  were  nm.  In  locating  long  grades,  it  was  preferable  to  start  at  a 
summit  and  run  down  hill.  With  a  little  experience,  the  assistant  engineer 
could  make  a  sufficiently  close  estimate  of  the  amount  to  allow  for  compensa- 
tion for  curvature,  and  could  run  his  line  accordingly.  In  the  mountainous 
part  of  the  country  here  described  this  compensation  amounts  to  about  6  ft. 
per  mile,  equal  to  0.12  per  cent  grade,  and  preliminaries,  for  a  1.0  per  cent 
compensated  grade,  run  on  an  0.88  per  cent  straight  grade  gave  the  desired 
information 

In  following  the  larger  watercourses,  it  was  usual  to  locate  a  line  on 
either  side  for  purposes  of  comparison,  and  in  order  to  determine  the  advisabil- 
ity of  crossing  from  one  side  to  the  other  either  to  get  a  better  line  or  to  block 
the  country  against  rivals. 

It  may  appaer  to  some  that  there  was  much  imnecessary  location  and  nm- 
ning  of  preliminary  lines,  but  in  rough  country  like  this,  and  on  work  of  this 
magnitude  (in  220  miles  of  this  line  there  were  twenty-one  tunnels,  the  longest 
being  4,000  ft.,  five  viaducts  from  400  to  1,000  ft.  long,  and  more  than  100ft. 
in  height,  besides  numerous  other  bridges),  it  is,  in  Mr.  McFetridge's  opinion, 
time  and  money  well  q)ent. 

Topography,  showing  contours,  houses,  roads,  and  similar  featiures,  was 
taken  on  practically  all  lines.  This  was  taken  on  12  X  18-in.  sheets 
to  a  scale  of  200  ft.  to  1  in.  The  topography  was  plotted  in  the  field. 
This  method  was  preferred  to  any  other;  it  is  quicker;  saves  much 
copying  and  plotting;  the  work  can  be  plotted  better  In  the  field,  where 
everything  can  be  seen  at  the  time  oi  plotting;  and  at  night  the  assistant  engi- 
neer has  a  finished  map  to  look  over  and  study.  The  toiiography  was  taken 
accurately  by  using  a  metallic  cloth  tape  for  distances  and  a  hand-level  for 
elevations.  The  topography  was  ordinarily  taken  for  300  ft.  on  each  side 
of  the  center  line.    The  sheets  were  inked  in  each  night. 

To  obtain  a  large  general  map  showing  all  lines,  the  lines  were  carefully 
plotted  on  tracing  cloth,  the  small  sheets  were  fitted  so  as  to  make  the  center 
line  on  each  sheet  fit  the  center  line  on  the  tracing,  and  then  the  topography 
was  traced.  By  this  method  any  error  in  plotting  or  Joining  the  small  sheets 
was  eliminated  from  the  large  map.  The  location  was  projected  in  i>encil  on 
sheets  in  the  usual  manner. 

In  staking  out  the  location,  the  aim  was  to  get  a  profile  to  correspond  with 

the  projection,  and  not  to  get  the  lines  in  exactly  the  same  relative  positions 

shown  by  the  pro^tions.    Also,  it  was  often  found  desirable  to  change  the 

location  at  places,  giving  a  corTesi>onding  change  in  the  profile.    After  the 
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flrat  location  had  been  made,  it  was  studied  further  in  the  duef  ei^iiieer's 
office;  if  any  changes  were  desired  they  were  taken  up  with  the  assistant 
engineer,  usually  by  the  assistant  dii^  engineer  and  the  tHHiwtant  engineer 
going  over  the  ground  togetlier  and  there  studying  tiie  questloa. 

All  curves  of  3  deg.  or  more  had  spiral  approadies.  These  were  aOowed  for 
in  cross-sectioning  by  oflbetting  tlie  slope  stalLes  tlie  reqaoied  distance.  For 
^^impUcity  and  ease,  aU  records,  profiles,  etc.,  w»e  kept  on  simple  curve  data. 
When  spiral  curves  came  in  tunnels,  a  special  plan  was  made  for  each  case. 
showing  the  offsets  from  the  tangent  and  the  simple  curve  to  every  10  ft.  oa 
the  spiral,  the  alignment  being  kept  on  the  tangent  and  the  simple  curve,  and 
allowing  the  required  oflbet  in  giving  the  widths  for  the  tmmeis.  Vertical 
curves  were  inserted  at  all  places  when  the  change  of  grade  was  more  than  0.1 
ft.  in  100  ft.  Standard  forms  were  used  for  all  notes,  maps,  profiles,  plans,  and 
reiiorts,  and  were  found  to  save  much  work  and  time  in  the  chief  engineer's 
office. 

The  greatest  number  of  miles  of  preliminary  line  run  in  one  day  by  one 
party  was  7,  and  of  location,  4}^.  The  location  averaged  slightly  mcn^  than 
one  mile  per  day  per  party,  except  on  the  Bumsville  and  Eastern  and  on  the 
Bucldiannon  and  Northern  lines,  where  it  averaged  ^  mile.  Stakes  were  set 
every  100  ft.  on  tangents,  and  every  50  ft.  on  curves.  The  speed  of  location 
parties  was  usually  limited  by  the  amount  of  clearing  that  could  be  done,  but 
the  number  of  curves  and  the  rough  character  of  the  ground  were  also  large 
factors  in  limiting  the  speed. 

Each  party  cdst  from  $35  to  $40  per  day,  being  allowed  aQ  expenses  in  addi- 
tion to  salaries. 

Table  I  gives  the  total  cost  per  mile  of  the  comi>leted  surveys.  It  indudes 
office  rent,  purchase  of  instruments  and  supplies,  general  expenses,  all  salaries, 
field  expenses,  and  the  preparation  of  final  maps,  plans,  profiles,  and  estimates, 
with  everything  in  readiness  to  make  contracts  for  the  line. 


Table  I. — Total  Cost  of  Subvbts 


Miles  of  surveys Av.  cost 

p^  mile 
Amount         PreHmi-     Loca-  Av.  cost    of  loca- 

Company  spent  nary         tion         Total      per  mile      tioa 

L.K.R.R $25,076.83  428.19  193.85  622.04  $40.31  $129.36 

Z.  M.  &P 19.812.77  509.03  105.23  614.26  32.25  188.28 

B.  &E.  R.  R...     20,466.68  241.75  113.70  365.45  57.58  180.00 

P.  B.  AT.  R.  R..       6,661.98  84.56  38.17  122.73  54.20  174.28 

B.AN.  R.  R 19,249.94  162.51  151.29  313.80  61.34  127.23 


Totals $91,258,20  1,426.04     602.24  2.028.28     $45.00     $151.53 

The  last  column  gives  the  cost  per  mile  of  actual  location*  including  pre- 
liminary lines.  The  third  and  fourth  columns  show  that  there  wete  from  2  to 
5  miles  of  preliminary  lines  run  for  each  mile  of  location,  except  on  the  Budc- 
hannon  and  Northern  line.  Table  I  also  includes  302  miles  of  check  levels, 
the  cost  being  distributed  among  the  various  accounts.  The  data  for  the 
Parkersburg  Bridge  and  Terminal  line  include  surveys  and  scHmdings  for  the 
Ohio  River  Bridge.  The  cost  per  mile  includes  the  topography  on  practically 
all  lines,  except  on  the  Zanesville,  Marietta  and  Parkeisburg  line,  ^dieie  it  wis 
taken  only  on  the  located  lines. 
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The  cost  shown,  being  the  total  cha^  against  engineering  fr(nn  the  incep- 
tion of  the  project  to  the  beginning  of  construction,  contains  a  few  items  which 
might  well  be  eharged  to  other  accounts  than  location.  Instruments  pur- 
chased could  be  a  credit;  some  elaborate  property  surveys  and  bridge  surveys 
could  be  charged  to  construction,  but  they  probably  are  not  large  enough  to 
have  much  effect  on  the  cost  per  mile.  The  cost  on  the  Little  Kanawha  and 
on  the  Bumsville  and  Eastern  Division  was  increased  considerably  owing  to 
much  work  being  doiie  during  a  bad  winter.  The  cost  on  the  Parkersburg 
Bridge  and  Terminal  line  was  increased  by  a  large  amount  of  property  survey- 
ing in  the  city,  and  by  the  surveys  for  the  bridge. 

The  cost  on  all  the  West  Virginia  lines  was  increased  by  the  immense  amount 
of  chopping  and  clearing  necessary.  When  mountain  laurel  was  encountered, 
all  the  axemen  that  could  be  worked  could  not  keep  a  location  party  moving. 

The  average  cost,  including  all  expenses,  of  one  mile  of  preliminary  or  loca- 
tion survey,  determined  from  a  detailed  study  of  the  daily  Tei>orts  of  field 
parties,  or  office  work  done,  and  similar  data,  is  shown  by  Table  II. 
Table  II. — Avbbaob  Cost  of  Onb  Mxi^b  of  Survbts 

Of  location. 
Of         ~  Of  including 

Company  preliminary        location       preliminary 

Z.  M.  A  p.  R.  R. 23  79  102 

B.  oc  £.  R.  R...' 3d  105  140 

B.  &  N.  R.  R 31  94  125 

Table  I  shows  a  large  variation  in  the  cost  of  surveys  on  different  divisions, 
the  cost  varying  from  $128  to  $188  per  mile,  with  an  average  of  $151.  On 
the  assumption  that  lines  located  for  comparison  or  similar  purposes  should  be 
included  in  the  average,  one-third  should  be  added  in  these  amounts,  as  pre- 
viously noted;  the  cost  per  mile  would  then  be  as  follows:  Low,  $171;  high, 
$251;  average,  $202. 

Throwing  out  of  account  abandoned  lines,  branch  lines,  etc.,  and  charging 
the  entire  cost  to  the  main  line,  terminus  to  terminus,  would  give  $91,258.20  -i- 
328  =  $278.23  per  mile,  which  Mr.  McFetridge  believes  would  be  rather 
expensive.  This,  however,  is  not  a  fair  assumption,  because  many  miles  of 
lines  not  needed  to  determine  the  main  line  were  located  for  other  reasons. 
Therefore,  the  plan  of  throwing  out  only  duplications,  for  comparisons,  as 
shown  in  the  preceding  paragraph,  gives  the  cotrect  average  cost  per  mile, 
including  actual  comparative  locations  where  needed.  A  large  proportion  of 
this  duplication  was  necessary,  owing  to  the  laws  of  West  Virginia,  which 
require  an  actual  line,  located  on  the  ground,  and  a  complete  map  and  profile 
of  that  line  to  be  filed  with  the  secretary  of  state,  and  at  the  county  seat,  before 
a  railroad  company  has  any  rights,  or  priority  or  otherwise,  to  that  route  or 
line. 

On  the  basis  of  Table  II,  it  may  be  assumed  that,  where  the  route  has  been 
previously  determined  within  such  narrow  limits  that  the  preliminary  and 
location  lines  are  of  equal  length,  the  surveys  will  cost  from  $100  to  $140  per 
mile.  "This  is  borne  out  by  the  results  on  the  Buckhannon  and  Northern  line 
where  the  location  and  preliminary  lines  were  practically  equal  and  the  cost 
was  $127  per  mile. 

TTiese  two  statements  may  be  combined  and  pilt  in  the  following  form: 
To  locate  one  mile,  including  an  equal  length  of  preliminary  lines,  cost  from 
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$100  to  $140,  or  an  ayora^e  of  $115;  to  locate  one  mile-  final  Wwtkw,  jnrfiMiiiy 
from  two  to  flye  timea  as  great  a  length  of  pwJiminary  linea,  cost  from  $128 
to  $188,  or  an  average  of  $151;  to  locate  one  mQe,  final  locatioo.  <«<^~<*»if 
from  two  to  five  times  as  great  a  length  of  prriiminary  lines,  and  one-tiurd  of 
a  mile  of  location  tois  comparison,  cost  frcnn  $171  to  $251,  or  an  svcrage 
of  $202. 

A  tabulati<xi  of  the  mileage  of  tiie  Buckhannon  and  Nortbem  Une.  with 
reference  to  the  actual  length  of  line  to  be  built,  and  showing  how  the  vesalts 
agree  with  the  averages  deduced  from  Table  I  is  as  f (dlowB,  the  Bw^haimao 
and  Northern  l|ne  being  used  because  the  conditions  there  make  it  the  best 
average  of  "all  conditions"  encountered  on  the  various  lines:  Total  miles 
located,  151.29;  miles  of  main  line  contracted  tat,  80;  miles  of  main  line  not 
contracted  for,  4;  miles  of  connecting  line  located,  but  which  may  or  maj  not 
be  built,  about  26.  This  gives  110  miles  of  nuiin  and  connecting  lines,  leaving 
41.29  miles  of  duplications  and  ccHoparisons.  The  cost  is  then  $19,249.94  -s- 
110  -  $175  per  mile. 

Cost  of  a  Triangttlation  Survey  with  48  signals,  contndling  about  150  square 
miles  of  the  Grand  Valley  project  of  the  U.  S.  Reclamation  Survey  was  made 
at  a  cost  of  $3.63  per  square  mile,  and  a  plane  table  survey  of  127  square  miles, 
with  maps  on  a  1:12.000  scale  with  10-ft.  ccmtours,  was  made  at  a  cost  of 
$57.79  per  square  mile.  The  cost  of  the  triangulation  survey  induded  that 
of  measuring  base  lines  and  making  Polaris  observations. 

Cost  of  Railroad  Surveys  in  Bolivia. — ^The  following  data  are  from  an  article 
in  Engineering  Record,  June  25,  1910.  by  C.  A.  Bock. 

The  model  organization  of  a  locating  party  is  given  in  Table  m. 


Tablb  III. — Oboanuation  of  Bouvzan  liOOASiOH  Pabtt 

Foreigners  Natives 

Monthly  Moothbr 

Title  salary  Title  salary 

Looating  engineer $200.00  Cook 55.00 

Assistant  engineer 150.00  Assistant  cook 22.00 

Transitman 125.00  Camp  boy 15.00 

Levelman 100.00  Corral  boy 15.00 

Topographer 100.00  Lunch  boy 15.00 

Draftsman 100.00  Muleteers.  2.  ea 30.00 

Head  chainman 60 .  00  General  helpers,  2,  ea 15 .00 

Rear  chainman 60.00  Rear  flag. ..  .r 19.00 

Level  rodman 60.00  Axeman,  1  to  4,  ea 19.00 

Topog.  rodman 50.00  Stake  man 26.00 

Commissary 80.00  Tape  man 26.00 

Doctor 150.00  Inst,  carriers,  2,  ea 19.00 

Tables  IV  and  V  show  the  cost  and  time  of  three  di£Ferent  surveys,  made  by 
different  parties  in  more  or  less  similar  country  and  on  the  most  difficult  of  the 
work  thus  far  located.  It  should  be  noted,  however,  that  while  the  work  is 
located  in  mountain  country,  and  most  of  it  on  difficult  ground  (an  average  of 
almost  50  per  cent  of  the  entire  located  line  is  curves)  there  is  no  cutting  or 
clearing  to  be  done,  since  the  plateau  portion  of  Bolivia  lies  above  the  timber 
line.  The  cost  per  kilometer  of  location'  as  given  includes  preliminary  Unes, 
topography  and  all  extra  work  necessary  to  accomplish  the  location,  besides 
completed  maps,  profiles  and  estimates.  The  figure  are  for  the  total  ooet, 
and  include  all  office  and  administration  expenses,  instruments  and  supplieo. 


Camp  2 

Camp  3 

480.0 

240.0 

69.0 

33.0 

7.0 

8.0 

44.0 

17.0 

360.0 

182.0 

293.0 

181.0 

237.4 

137.4 

.495 

.573 

$41,962.90 

$20,339.26 

176.76 

148.03 

284.48 

238.24 

87.42 

84.74 

ENGINEERING,  SURVEYING  AND  COSTS       1637 

Table  IV. — Data  op  Tbbbb  Subvbtino  Pabtzss 

Camp  1 

Total  number  of  dajrs  in  field 593 . 0 

Number  holidays  and  Sundays 86 . 0 

Number  days  lost,  bad  weather. . .  23. 0 

Number  days  lost,  moving  camp ...  16.0 

Total  number  of  working  days 468 . 0 

IQloms.  prelim,  line  run 500. 2 

Kiloms.  located  line  nm 242.3 

Kiloms.  completed  location  per  day 

(av.) .409 

Total  cost  lo'tion  (ind.  all  prek'm. ) .  $53 ,  389 .  41 

Average  cost  location,  per  kilom . . .  220 .  34 

Average  cost  location,  per  mile 354 .  62 

Average  cost  of  survesrs,  per  day ...  90 .  03 


TaBUB   V. DxSTSXBTmON   OF  EXPSNSSS,    IN   PSBCBNTAOBS 

Camp  1 

Salaries 46.4 

Ftovinons 13 . 0 

Traveling  expense 6.7 

Instruments  and  supplies 5.8 

Transportation  of  contract  men 3.6 

Maintenance  of  animals 12.0 

Indian  labor  (not  on  pay-roll) .3 

Freight  on  supplies,  etc 1.7 

General  expenses 9.1 

Miscellaneous  charges 1.4 


The  record  run  in  a  single  day,  of  preliminary  line,  is  11.5  km;  of  located 
line,  5  km  (contiUning  two  curves).  The  best  single  day's  work  is  nine  curves 
of  located  line  run,  including  referencing  of  two  points  on  each  tangent.  The 
largest  amount  of  work  done  in  one  month  by  a  single  camp  is  59.2  km.  prelimi- 
nary line,  25  km.  of  topography  and  35.6  km.  of  located  line,  including  refer- 
encing. This  work  was  accomplished  on  a  section  of  the  survey  where  53  per 
cent  of  the  located  line  is  curves. 

Cost  of  Location  Survey  for  a  Short  Railway  Line. — ^Engineering  and  Con- 
tracting, Feb.  18,  1914,  gives  the  following: 

Location  surveys  for  a  railroad  were  made  in  1912*  in  one  of  the  eastern 
states,  during  which  accurate  records  were  kept  for  the  purpose  of  producing 
authentic  cost  data. 

The  si^ey  was  for  a  branch  30.75  miles  long,  from  an  already  established 
line  to  a  manufacturing  city;  with  a  branch  survey,  to  another  city,  12  miles 
in  length.  Topographical  considerations,  aside  from  large  bodies  of  water  and 
high  hills,  were  found  to  be  of  minor  importance,  the  chief  concern  being  so 
to  approach  the  intersected  streets  that  grade  crossings  might  be  cheaply 
avoided.  Most  of  the  distance  was  through  a  light  growth  of  timber,  requir- 
ing much  chopping  and  trimming.  No  topography  was  taken,  but  all  streets 
and  water  courses  along  the  line  weie  carefully  surveyed  and  the  boimdaries 
of  private  lands  were  run  out. 

For  three  weeks  the  men  were  boarded  in  hotels  in  the  two  terminal  cities; 
during  nine  weeks  they  were  carried  by  team  or  railroad  to  the  work  from  head- 
quarters on  the  main  line;  and  for  twenty  weeks  and  two  days  they  lived  in 
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total 
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39.7 

20.8 

11.4 

6.0 

17.6 

9.3 

4.1 

2.2 

1.7 

0.9 

0.5 

0.3 

1.5 
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2.0 

0.3 

0.15 

0.3 

0.15 

1.6 
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7.4 

3.8 
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camp.    From  the  camp,  which  occupied  three  different  sites,  about  26  miles 
of  location  were  made,  teams  being  kept  with  the  camp  for  transportation. 

TaBLB  VI. DiSTBXBUTXON  OF  LaBOR 

Cost 
per 
Description  of  work  Cost         mile 

Running  the  line  finally  adopted $1 , 500  $35. 10 

Running  lines  afterwards  abandoned 432  10. 10 

Surveys  of  intersected  streets '  666  15. 60 

Leveling  on  line  finally  adopted 156  3.65 

Leveling  on  lines  afterward  abandoned 65  1 .  52 

Leveling  on  intersected  streets 20  0 .  47 

Meandering  ponds  and  streams 57  1 .  33 

Survejring  private  boundaries 382  8. 95 

Triangulation  and  traverse  lines 146  3.42 

Exploration 10  0.23 

Check  levels 10  0. 23 

Office  work  by  field  men 61  1 .  43 

Holidasrs,  absences  and  rainy  days 279  6. 55 

Totals $3,784     $88.58     100.0     52.50 


Table  VI  of  labor  distribution  does  not  include  any  general  officers'  salaries 
nor  that  of  the  chief  engineer.  The  map  drawing  was  done  in  the  general  o£Boe 
and  does  not  figure  in  these  tabulations. 

Surveying  instruments  were  supplied  from  those  previously  in  use  by  the 
company,  and  interest  on  their  cost  is  charged  under  "  Field  and  Office  Elquip- 
ment."  The  camp  equipment  consisting  of  seven  tents,  complete  mess  outfit, 
cot  beds,  blankets  and  quilts,  was  purchased  second-hand  at  a  discount  of  50 
per  cent. 

During  the  nine  weeks  above  mentioned  many  days  were  lost  on  account  of 
rain  for  which  the  men,  being  at  home,  were  not  p^d.  The  pay  of  the  party 
was  as  follows: 


Position  Pay  per  day 

Assistant  engineer  in  charge $4. 50 

Transitman : 3 .  33 

Leveler 2. 50 

Axman  and  teamster,  7  days  per  week 2. 25 

Chainmen 2.00 

Rodman 1 .  76 

Axmen 1.50 

Cook,  per  week 15.00 


A  study  of  the  tables  does  not  suggest  much  resemblance  to  similar  ones 
previously  published,  the  most  marked  difference  appearing  in  the  matter  of 
camp  maintenance.  Table  VIII.  Much  of  the  higher  cost  shown  here  is 
doubtless  due  to  the  high  cost  of  living  prevailing.  Also  much  may  be  due 
to  the  fact  that  all  the  men  were  accustomed  to  a  pretty  good  table  and  an 
effort  was  made  to  provide  them  with  home  comforts. 

The  total  cost  per  mile  given,  $168.08,  Table  VII  is  the  cost  per  mile  of  final 
location,  and  will  be  seen  to  include  the  cost  of  preliminary  lines,  and  all  the 
detail  surveying  necessary  for  complete  land  plans. 
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Table  VII.-^Dustbibution  of  Expenses 

Pot. 

Cost  of 

per  exp. 

CkMt             mile  total 

Field  and  offiee  equipment S     160.49     $    3. 75  4.7 

Railroad  and  street  car  fares  and  expenses.         453.73         10.60  13.3 

Board  and  lodging 167.00           3.90  4.9 

Team  transportation 836 .32         19. 50  24 . 6 

Camp  equipment 209.16          4.90  6.2 

Camp  maintenance 1,488.92         34.82  43.9 

Purchased  information 81 .38           1 .90  2.4 

Mail,  telegraph  and  telephone 5. 56  0. 13 

Totals $3,402.56     $  79.50  100.0 

Grand  totals $7,186.56     $168.08 


Pet. 

of 

grand 

total 

2.2 
6.4 
2.3 

11.6 
2.9 

20.7 
1.4 


47.50 
100.00 


Tabus  VIII. — Analysis  of  Camp  Maintenance 


Commodity —  Cost 

Meat,  fresh  and  canned $    373. 72 

Fish,  fresh  and  canned 51 .  93 

Potatoes 29.84 

Other  vegetables 53 .  93 

Fruit,  fresh  and  canned 120 .  58 

Grooeries 108.56 

Flour 31 .  92 

Eggs 59 .  39 

Sugar 27 .49 

Coffee 26. 50 

Tea.. 9.06 

Butter 37 .27 

Milk 73.03 

Ice 18.61 

Fuel 36.23 

Light 6.50 

Water — 6  weeks  from  city  main 5. 00 

Land  rentals 10. 00 

Cook's  wages 305.34 

Labor  moving  camp 104 .  02 

Totals $1,488.92 


Cost 

Cost 

per 

per 

Pet. 

meal — 

man 

of 

4,047 

per 
day 

total 

meals 

cost 

$0,092 

$0,239 

25.1 

0.013 

0.033 

3.5 

0.007 

0.019 

2.0 

0.013 

0.034 

3.6 

0.030 

0.077 

8.1 

0.027 

0.069 

7.3 

0.008 

0.020 

2.1 

0.015 

0.038 

4.0 

0.007 

0.018 

1.9 

0.006 

0.017 

1.8 

0.002 

0.006 

0.6 

0.009 

0.024 

2.5 

0.018 

0.047 

4.9 

0.005 

0.012 

1.3 

a.  009 

0.023 

2.4 

0.002 

0.004 

0.4 

0.001 

0.003 

0.3 

0.002 

0.006 

0.7 

0.076 

0.196 

20.5 

0.026 

0.067 

7.0 

$0,368     $0,952     100.0 


Cost  of  3f  aking  a  Relocation  Survey  of  Underground  Pipe  Lines,  Cincinnati, 
Ohio. — ^Engineering  and  Contracting,  Aug.  12,  1914,  deacribes  in  detail  the 
methods  used  in  this  survey  and  gives  the  following  costs. 

A  typical  field  party,  together  with  rates  of  pay,  as  they  were  organized  in 
1913,  is  here  given: 

Position  Rate  per  month 

Chief  of  party $90 

Instrumentman 60 

Rodman 50 

Rodman 50 


The  nupiber  at  field  parties  was  gradually  increased  from  one  on  May  1, 
1912,  to  five  on  Aug.  23,  1912,  this  number  was  continued  until  Jan.  16,  1913, 
when  the  sixth  party  was  put  in  the  field.  The  number  of  field  parties  was 
increased  to  eight  in  May,  1913,  and  with  this  field  force  of  32  men  working 
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during  the  summer,  the  field  vrotk  was  completed.    The  hist  field  party  wu 
disbanded  on  Nov.  22,  1013. 

The  accompanying  cost  report,  see  Table  IX,  shows  a  decrease  in  the 
average  cost  per  mile  during  this  time  from  $77.53  for  March  to  S6 1.20  for 
November  or  a  decrease  of  $16.33  in  the  average  cost.  There  is  alao  a  de- 
crease of  $8,166.80  in  the  estimated  cost  to  complete  the  work.  During  thit 
same  time  283.5  mQes  of  sewers  were  measured  at  a  cost  of  $13,880.52.  which 
gives  an  average  per  mile  cost  for  this  period  of  $48.96.  The  average  costs 
are  based  on  payroll  charges  only. 

Complete  information,  as  called  for  in  Instructions  to  Field,  Parties  was  ob- 
tained on  406  miles  of  sewers,  together  with  other  information  pertaining  to 
the  streets  of  the  city.  This  includes  42  miles  of  sewers  within  the  city  limits 
for  which  there  were  no  records. 

The  increase  in  the  cost  of  the  field  work  at  the  end  of  the  season  is  due 
wholly  to  vacation  time  and  the  locality  in  which  most  of  this  work  was  done. 

Field  Work. — The  work  consisted  of:  Running  bench  levels,  to  establish 
elevations;  Location  of  pipes  by  traverse  Includincr  the  following:  Street  and 
curb  lines,  comers,  etc.  Sewer  center  lines.  Manholes,  sewer,  electric,  tele- 
phone, etc.  Inlets  and  catch  basins.  Valves,  water  and  gas.  Fire  hydrants 
and  fire  cisterns.  Culverts  (obtain  size).  Bridges.  Electric  and  steam 
railroad  tracks. 

The  size  and  shape  and  condition  of  all  pipes  and  appurtenances  was  also 
determined  and  reported. 

Sewer  Record  Plate. — The  primary  purpose  of  these  plats  is  to  show  correctly 
all  information  regarding  the  sewers:  Their  sizes,  grades,  location,  inlets 
and  branches.  They  include  all  improved  portions  of  the  city.  These  sheets 
also  give  information  regarding  all  other  underground  structure.  They  show, 
therefore,  the  best  location  for  new  sewers  or  pipes.  Formeriy,  it  has  been 
necessary  to  visit  the  various  corporations  having  pipes  or  conduits  in  the 
streets  in  order  to  get  this  information. 

These  record  plans  are  23  X  32  his.  within  the  border  and  a  binding  edge  of 
IH  ins.  is  left  on  the  left  hand  end  of  the  sheet.  One  portion  of  the  city  is 
platted  on  a  scale  of  40  ft.  to  the  inch;  all  other  parts  of  the  city  are  platted  on 
a  scale  of  50  ft.  to  the  inch. 

Methods  of  Making  Topographical  Sunrejrs  and  Their  Cost — The  follow- 
ing discussion  and  data  by  D.  L.  Reabum.  Division  Engineer,  Los  Angeles 
Aqueduct,  are  taken  from  an  article  in  Enirineering  News,  Aug.  10,  1911. 

Two  methods  are  in  common  use  in  this  country  for  making  topographic 
surveys.  The  older  one,  known  as  the  plane-table  method,  has  been  used 
more  extensively  than  any  other.  It  is  used  either  with  or  without  stadia. 
The  other,  known  as  the  transit  stadia  method,  has  been  in  use  about  50  years. 

The  plane-table  is  used  by  the  U.  €.  Coast  and  Geodetic  Survey,  the 
U.  S.  Geological  Survey  and  the  U.  S.  Reclamation  Service;  while  the  transit 
stadia  has  been  used  exclusively  by  the  XT.  S.  Lake,  Mississippi  River,  Missouri 
River  and  other  surveys  conducted  by  the  Corps  of  Engineers,  U.  S.  A.  It 
is  also  used,  more  or  less,  by  engineers  in  general  practice. 

The  plane-table  is  indispensable  for  geographical  surveys,  especially  in 
mountainous  regions  of  large  relief.  When  provided  with  a  micrometer 
eyepiece  to  the  alidade,  it  can  be  used  to  great  advantage  on  reconnaissance 
and  exploratory  surveys. 

When  used  with  stadia  rods  the  plane-table  is  adapted  to  mapping  on  scales 
up  to  about  500  ft.  to  the  inch;  on  larger  scales  than  this  the  problem  becomes 
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a  mechanical  one  of  locating  points  rather  than  sketdiing,  and  aMnpaied  to 
the  more  rapid  transit  stadia  method,  the  plane-table  is  decidedly  at  a 
disadvantage. 

The  thiee-point  method  cannot  be  used  to  advantage  on  large  scale  work 
with  the  plane-table.  A  chained  traverse  line  is  generally  required  for  controL 
In  rough  and  brushy  country  this  traverse  work  is  slow,  lab^ous  and  expen- 
sive. In  rough  country  the  hand  level  method  is  also  very  slow  and  expensive, 
and  it  is  difficult  to  delineate  accurately  the  character  of  the  ground  surface. 
The  transit  stadia  method,  on  the  other  hand,  is  not  adapted  to  small  scale 
mapping  of  extended  areas. 

The  writer  has,  however,  used  the  transit  to  advantage  in  connection  with 
the  plane-table  on  2,000  ft.  to  the  inch  work,  where  it  was  desirable  to  do  the 
sketching  in  the  field.  The  points  were  located  by  transit  and  plotted  on  the 
plane-table  sheet  with  a  small  protractor. 

The  transit  stadia  is  well  adapted  to  large  scale  detail  surveys.  On  such 
surveys  the  location  and  plotting  of  the  detail  points  constitutes  the  major 
portion  of  the  work.  The  transit  in  the  hands  of  a  skilled  observer  is  capaUe 
of  locating  these  iioints  with  more  ease  and  rapidity  than  any  other  instru- 
ment. Th^  transit  is -better  adapted  to  work  in  brush  than  the  plane-table, 
and  there  is  not  so  much  lost  time  from  adverse  weather  conditions. 

The  fundamental  principles  governing  the  execution  of  such  work  along 
economic  lines  may  be  stated  as  follows:  There  should  be  a  rigid  horizontal 
and  vertical  control,  si4)plemented  by  a  less  precise  secondary  control,  upon 
which  to  base  the  details  of  the  work.  These  principles  are  fuUy  realized  by 
the  transit  stadia  method.  The  rigid  control  being  the  triangulation  and 
precise  levels,  and  the  secondary  control  the  stadia  line.  In  flat  country  a 
traverse  line  control  will  sometimes  be  found  more  economical  than  a  triangu- 
lation system. 

The  question  of  economical  methods  of  conducting  location  surveys  does  not, 
as  a  rule,  receive  much  consideration.  The  writer  has  observed  a  number  of 
instances  where  money  has  been  unnecessarily  expended  by  not  adopting 
methods  suited  to  the  country.  In  one  instance,  in^re  the  hand  level 
method  was  in  use  for  topography  along  steep  brushy  mountain  slopes,  it 
required  the  services  of  a  transitman,  levelman,  topographer  and  nine  men  to 
make  a  progress  of  2,000  ft.  per  day.  A  transit  stadia  party  of  six  men  was 
substituted  and  the  progress  increased  to  a  mile  per  day. 

During  the  past  six  years  the  writer  has  given  much  time  and  thou^t  to 
the  subject  and  tried  out  several  of  the  methods  in  ude.  The  transit  stadia 
method  has  given  the  best  results.  A  description  of  the  methods  employed, 
the  results  obtained  and  the  cost  on  several  pieces  of  work  is  given  below. 

Irrigation  Canal  Location, — During  the  summer  of  1005,  about  100  mUes  of 
canal  location  surveys  on  the  Klamath  Project  of  the  U.  S.  Reclamation  Ser- 
vice were  made  by  the  transit  stadia  method.  Before  the  work  of  canal 
location  was  started,  topographic  maps  of  all  the  irrigable  lands  under  the 
project  had  been  made.  About  300  square  mUes  of  this  work  was  done.  This 
survey  was  based  on  a  triangulation  and  primary  level  control  and  was  exe- 
cuted by  the  plane-table  and  stadia  method  on  a  scale  of  2,000  ft.  to  the  inch, 
with  a  contour  interval  of  5  ft.  The  cost  of  this  plane-table  work  was  from 
$15  to  $30  per  square  mile. 

Maps  drawn  from  this  survey  determined  the  approximate  location  and 
grade  of  the  main  canals  and  from  these  data  the  transit  stadia  survey  for 
final  location  was  made. 
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Stakes  were  set  along  the  grade  contour  from  400  to  800  ft.  apart.  Azi- 
muths were  observed  in  the  forward  direction,  and  distances  to  feet  and  differ- 
ences of  level  to  hundredths  were  read  from  each  end  of  the  line. 

At  intervals  of  every  few  miles  a  check  in  elevation  was  obtained  by  a  spur 
line  of  levels  to  a  nearly  B.  M.  of  the  primary  level  system.  The  errors  of 
closure  were  never  more  than  0.2  or  0.3  ft.  for  the  distance  of  five  or  six  miles 
between  checks.  Azimuth  checks  were  obtained  by  lining  in  between  two 
triangulation  stations  or  by  long  sights  to  prominent  points. 

The  belt  of  topography  developed  varied  from  200  to  400  ft.  in  width  on 
flat  ground  to  50  ft.  difference  of  elevation  on  steep  slopes. 

Progress  and  Cost. — The  field  party  consisted  of  an  observer,  recorder  and 
four  stadia  rodmen.  The  average  number  oi  stadia  shots  was  about  25.0  per 
noile.  The  maximum  day's  run  was  four  miles  with  1,000  stadia  shots.  The 
average  dayB  run  was  about  three  miles. 

In  plotting,  vertical  angle  readings  were  reduced  by  stadia  slide  rule  and 
the  notes  were  plotted  on  a  scale  of  200  ft.  to  the  inch.  Stadia  readings  can 
be  plotted  fast  as  they  can  be  called  off  from  a  field  book.  A  good 
draftsman  can  usually  do  all  the  drafting,  including  the  inking  of  the  sheets. 
If  there  are  many  vertical  angles  to  be  reduced  an  assistant  will  be  required. 

No  accurate  cost  data  was  kept  of  the  work,  but  an  approximation  can  be 
arrived  at  by  taking  the  average  daily  progress  (3  mi.)  and  the  monthly  cost 
of  the  party,  as  follows: 

1  Transitman  at  $150 $150.00 

1  Draftsman  at  $125 125.00 

1  Recorder  at  $50 50.00 

1  Stadia  man  at  $45 45. 00 

3  Stadia  men  at  $40 120. 00 

1  Teamster  at  $40 40. 00 

1  Cook  at  $40 40.00 

Total  monthly  salaries $570. 00 

Subfldstenoe  9  men  at  $20 180.00 

Feed  fw  two-horse  team 30. 00 

Total  monthly  expense  exclusive  of  equipment  cost .  .  .    $780 .  00 


Assuming  26  worldng  da^s  in  a  month,  we  have  a  daily  expense  of  $30,  or 
$10  per  mile  for  the  preliminary  line. 

Los  Angeles  Aqueduct  Surveys. — ^A  triangulation  system  of  simple  triangles 
having  sides  from  one-half  to  two  miles  in  length,  furnished  the  horizontal 
control,  and  a  line  of  precise  levels  the  vertical  control  for  this  survey. 

The  country  surveyed  was  for  the  most  part  along  steep  mountain  slopes, 
in  many  places  covered  with  brush.  The  belt  of  topography  developed  had  a 
range  in  elevation  of  from  50  to  75  ft.  The  final  grade  adjustment  raised  the 
grade  elevation  in  the  Little  Lake,  Grape  Vine  and  Freeman  Divisions  above 
the  limits  of  the  first  survey,  which  necessitated  a  second  one  on  the  higher 
level. 

The  fi^d  party  consisted  of  a  i)any  chief,  transit  stadia  observer,  recorder, 
four  rodmen,  draftsman,  assistant  draftsman,  teamster  and  cook;  a  total  of 
eleven  men. 

The  assistant  draftsman  reduced  the  verticsU  angle  stadia  readings  with 
slide  rule  and  called  off  the  notes  to  the  draftsman.  The  party  chief  did  the 
triangulation  and  sketched  the  topography  after  the  shots  were  plotted. 
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The  topographic  maps  woe  on  sheets  22   ins. 
X  30  ins.  in  size,  drawn  to  a  scale  of  100  ft.  »  1  in. 
Rectangular  coordinate  lines  10  ins.  apart  were  pro- 
jected on  tlmn  and  the  control  points  idotted  by 
coordinates. 

The  stadia  line  was  first  plotted  to  a  <dosiire 
between  tie  points,  and  the  closure  error  distributed 
before  any  topogr^>liy  was  plotted.  This  errcH*  was 
from  1  in  500  to  1  in  1,000  for  lines  along  the  grade 
contour,  Init  wh^e  vertical  angles  oitOBd  into  the 
line  the  results  were  not  so  good. 

Where  the  ground  was  badly  broken  and  f cm- 
siphon  crossings  over  deep  canyons,  the  fleets  were 
mounted  on  a  plane  table,  after  the  transit  notes 
were  plotted,  and  the  contours  sketched  in  the  fleM. 

Profjreaa  and  Coat. — ^The  average  day's  run  was 
about  l^i  miles.  The  number  of  stadia  shots  was 
from  500  to  750  per  day,  or  about  400  to  600  per 
mile.  The  cost,  induding  the  triangulation  and 
location  of  section  comers  was  from  $30  to  $60  per 
mile. 

During  the  spring  of  1910  about  200  miles  of 
transit  stadia  location  surveys  were  made  in  the  San 
Fernando  Valley  for  the  Los  Angeles  Aqueduct 
distribution  system  by  a  party  in  charge  of  Mr.  J. 
Q.  Morgan. 

The  work  was  plotted  on  sheets  22  ins.  X  30  ins. 
on  a  scale  of  200  ft.  to  the  inch,  with  a  contour  in- 
terval of  5  ft.  The  contours  were  followed  out  cm 
the  ground.     (See  Table  X.) 

The  field  party  was  composed  of  a  transit  man, 
recorder,  levelman,  four  rodmen,  draftsman  and 
teamster.  Each  rodman  carried  a  Locke  hand 
level,  for  placing  his  rod  on  contours  above  or 
below  the  range  of  the  transit  or  level,  by  sighting 
on  another  rod.  As  part  of  the  work  of  spotting 
the  rods  was  done  by  the  levelman  and  by  the 
rodmen  themselves,  the  observer  was  able  to  keep 
four  rodmen  busy. 

A  belt  of  topography  having  a  vertical  width  of 
40  ft.  was  developed  from  one  stadia  line  which  cor- 
responded to  a  horizontal  width  of  from  100  to  1,500 
ft.  In  some  instances  several  adjacent  40-ft.  belts 
were  developed. 

The  minimum  number  of  stadia  shots  per  day 

was 240 

The  maximum  number  <^  stadia  shots  per  day 

was 845 

The  average  number  of  stadia  shots  per  day 

wim •-   520 

The  average  numl>er  of  stadia  shots  per  mile 

was 300 
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Level  eontrol  was  obtained  from  the  U.  S.  Geological  Survey  B.  M.'s. 

Two  men  were  occupied  43  days  in  building  signals  and  observing  the  angles 
of  the  triangulation  system,  which  started  from  a  side  of  the  U.  S.  Geological 
Survey  primary  triangulation.  Station  marks  were  made  of  iron  pipes  2  ins. 
X  4  ft.,  spread  at  bottom,  set  2H  ft.  in  the  ground  and  with  a  flag  pole  set  in 
them. 

Data  and  Cost  of  Triangulation 

No.  of  stations  set  and  observed 50 

Approximate  area  controlled 400  sq.  miles 

Total  salaries $463.34 

Livery  and  other  expenses 67 .  43 

Total  cost  including  computations $530 .  77 

Cost  per  station 10 .  61 

Coat  per  square  mile  controlled 1 .  33 

Topographical  Survey  for  Indiiatrial  Development. — During  the  spring  of  1009 
a  topographic  survey  was  made  by  parties  in  charge  of  Mr.  A.  J.  Ford  of  a 
large  tract  of  land  near  Riverside,  Cal.,  for  the  purposes  of  industrial 
development.  The  work  was  plotted  on  a  scale  of  100  ft.  to  the  inch  with  a 
contour  interval  of  2  ft.  The  contours  were  followed  out.  No  stadia  read- 
ings for  elevations  of  the  contours  were  taken  except  to  an  occasional  saddle 
or  knoll.  The  ground  was  rolling;  had  a  total  rise  of  about  300  ft. ;  was  mostly 
under  cultivation,  and  the  conditions  were  favorable.  All  buildings,  fences, 
roads,  etc.,  were  located. 

This  work  was  executed  by  both  transit  and  plane-table  parties  composed 
of  five  men  each  as  follows:  Transit  party:  observer,  recorder  and  three  rod- 
men;  Plane-table  party;  plane-table  man,  levelman,  recorder  and  two  rodmen. 

The  rods  were  placed  on  the  contour  by  the  transitman  in  the  transit 
party,  and  by  the  levelman  in  the  plane-table  party  by  sighting  the  target 
with  which  the  rods  were  provided.  After  a  contour  was  followed  as  far  as 
could  be  reached  from  the  setup,  the  rodman  moved  his  target  up  or  down 
2  ft.  and  returned  on  another  contour. 

The  control  work  was  done  before  the  writer  took  charge  and  no  data  can 
be  given  for  it.  The  number  of  points  located  by  the  transit  parties  was  from 
600  to  600  per  day,  or  about  7  or  8  per  acre. 

Table  XI  gives  the  total  costs  of  the  topographic  work  for  each  of  the  three 
parties.  This  includes  the  salary  of  the  topographer  in  charge  of  parties  and 
the  cost  of  supervision. 

Tablh  XI. — Cost  of  Topoqbaphio  Subvbts,  Hivbbbidb,  Cal. 

'      (2-ft.  contours,  plotted  100  ft.  to  the  inch) 

Party  No.  1  Party  No.  2  Party  No.  3 
Transit  Transit 

stadia        Plane-table       stadia  Totals 

Field  and  office  labor $1,644.62    $1,123.73  $    313.54  $3,081.89 

Subsistence 414.05           285.51  71.44  771.00 

Transportation  and  supplies.         164.00          134.70  38.00  336.70 

Total  cost 2,222.67       1,543.94  422.98  4,189.59 

Acres  surveyed 7,448.8         1,716.2  1,695.0  10,860.0 

Cost  per  acre $0,298           $0.90  $0.25  $0,386 

No.  days  in  field 100.0              78.0  18.0  196.0 

Average   progress   in    acres 

perday.. 74.49             21.95  94.17  55.41 

Coetperday $      22.23     $       19.79  $      23.50  $        21.38 

Rbm ABKs.— -The  cost  of  draftsman's  work  was  apportioned  between  the  two 
transit  parties.  The  cost  of  supervision  was  apportioned  to  the  three  field 
parties. 
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In  comparing  the  costs  in  the  table  it  shonkl  be  noted  that  it  was  necessary 
in  addition  to  the  main  control  system  to  estaUish  two  points  by  triangula- 
tion  upon  each  plane-table  shot,  the  cost  of  which  is  not  included  for  Party 
No.  2. 

All  men  employed  in  the  work  except  the  topographer  in  charge  were  inex- 
perienced in  topographic  work.  The  increased  efiteiency  of  Party  No.  1  is 
shown  in  the  table  below  for  a  period  of  three  months. 


Month Prosress  acres  per  day  Cost  p^  acre 

April 40  $0.54 

May 99  0.23 

June 122  0.18 

Stadia  Survey  /or  Irrigation  Project. — The  survey,  of  the  Preston  Beck.  Jr. 
Grant  in  New  Mexico,  formed  the  basis  of  a  preliminary  design  and  report  for 
the  reclamation  of  this  property.  The  survey  was  made  during  the  period 
fr(»n  Sept..  1910  to  May,  1911.  The  following  is  abstracted  from  an  article 
by  Mr.  Vincent  K.  Jones  in  Engineering  and  Contracting.  July  31,  1912. 

Owing  to  the  broken  character  of  the  country  and  the  many  ridges  over 
which  the  water  in  the  canals  must  pass  a  topographical  map  was  necessary 
to  determine  the  controlling  points  of  the  canal  system  and  to  enable  a  suffi- 
ciently close  preliminary  design  and  estimate  of  cost  to  be  made.  For  this 
purpose  extreme  accuracy  is  not  essential  and  the  extra  work  necessary  to 
obtain  a  high  degree  of  accuracy  would  be  wasted.  The  results  proved  to  be 
sufficiently  accurate,  the  errors  of  traverse  by  stadia  varying  from  1  in  400 
to  1  in  600  and  the  errors  in  elevation  when  carried  by  transit-stadia  about  1 
ft.  in  6  miles  of  horizontal  distance. 

The  general  location  of  the  main  canal  was  first  obtained  by  running  several 
rough  level ' '  fly-lines. ' '  These  showed  the  only  practical  line  for  a  main  canal 
to  lie  somewhere  in  a  strip  of  land  whose  outer  limits  were  contours  approxi- 
mately 100  ft.  apart  vertically. 

Starting  at  one  of  the  controlling  points  the  main  canal  known  as  El  Paso 
Gap  a  line  of  top(^^phy  was  carried  towards  the  Pecos  River  covering  a  strip 
lying  approximately  between  the  5,200  and  5.300  ft.  contours.  About  2  ft. 
per  mile  of  line  were  allowed  for  the  rise  of  the  canal  as  the  line  approached  the 
river.  This  line,  afterward  used  as  a  base  line  on  which  the  topography  of 
the  land  under  the  caniU  was  hung,  was  run  as  a  stadia  traverse  with  elevati<Mis 
carried  by  an  18-in.  wye  level  and  checked  by  taking  vertical  angles  with  the 
transit. 

From  this  base  line  the  topography  of  the  strip  of  land  meniicmed  above 
was  taken,  sufficient  side  shots  being  n&ade  to  enable  5  ft.  contours  to  be 
interpolated  on  a  scale  of  600  ft.  to  the  inch.  The  shots  between  stations 
varied  from  200  ft.  to  1,800  ft.  in  length  and  the  number  of  side  shots  from 
each  station  from  2  to  200,  depending  on  the  roughness  of  the  country  covered 
and  the  i>osition  at  the  instrument  station.  The  length  of  this  line  was  41 
miles. 

When  the  Pecos  River  was  reached  a  stadia  traverse  was  carried  up  the 
river  for  12  miles  to  form  a  connecting  link  between  the  canal  topography  and 
the  survey  <rf  a  reservoir  situated  near  the  town  of  El  Cerrito.  The  river  runs 
in  precipitous  box  canon  between  the  reservoir  and  the  point  of  diver^on  near 
Tecolotlto,  which  required  2K  days  to  traverse.    Side  shots  were  taken  along 
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tlie  sides  of  the  canon  to  determine  the  width  and  gen^^  topogn4>hy  oi  the 
river  bed.  Clevutions  throughout  the  baae  line  and  river  traveise  were  carried 
liy  the  wye  level. 

The  same  general  methods  were  followed  in  the  survey  of  the  reservoir,  the 
topography  being  hung  on  cdosed  stadia  traverses  and  elevations  being  by 
level.  The  high  water  line  of  the  reservoir  covers  401  acres,  but  the  topog- 
raphy covered  20  acres.  This  job  required  3H  days  and  the  topography 
i^as  taken  sufficiently  dose  to  enable  1  ft.  contouis  to  be  plotted  on  a  scale  of 
200  ft.  to  the  inch. 

The  "  Borrow  Pit "  method  of  reservoir  surveying  is  in  general  use  in  South- 
em  Colorado,  but  the  results  obtained  by  the  method  described  above,  espe- 
cially in  broken  country,  proved  to  be  as  accurate  and  much  better  from  an 
economical  standpoint. 

Coat  of  B<ue  Line. — ^The  cost  of  the  41  mile^  of  stadia  base  line,  t<H>ography, 
12  miles  of  river  traverse  and  the  survey  of  the  reservoir  is  as  follows: 

General  exi>enBe 18 .  38 

Salaries 1 ,  107 .  60 

Board  (includinc^  cook's  wages) 467 .  75 

Team  feed  and  shoeing 51 .  53 

Depreciation  <^  equipment  and  horses 47 .  65 

Omce  supplies 42. 35 

Total $1,735.21 

The  salaries  paid  as  follows: 

1  Ei^neer  and  draftsman $150.00 

1  Transitman  and  chief  of  party 90 .  06 

1  Levelman  and  recorder ^  -  99 

1  Level  rodman  and  head  topography  rodman 45.00 

1  Topography  rodman 45 .  00 

1  Topography  rodman 35 .  00 

1  Cook 45 .  00 

1  Teamster  and  camp  man 30. 00 

Board  was  in  each  case  included  in  addition  to  the  above  salaries.  Interest 
and  depreciation  were  charged  on  live  stock  at  a  rate  of  IH  per  cent  of  value 
at  start  of  survey  per  month.  On  the  other  camp  equipment  and  instruments, 
interest  and  depreciation  charged  at  a  rate  of  3  per  cent  per  month.  These 
I)ercentages  were  figured  to  pay  10  per  cent  interest  per  annum  on  the  outlay 
for  equipment  and  to  pay  for  the  equipment  in  the  probable  active  life  of  the 
outfit  as  a  whole. 

In  the  above  no  overhead  expense  has  been  charged  to  the  work.  Overhead 
charges  vary  so  greatly  on  different  projects  that  this  expense  should  not  have 
a  place  in  cost  data  for  engineer's  use.  These  costs  must  be  estimated  accord- 
ing to  the  size  of  the  project,  office  organization,  and  intricacies  oi  the  general 
organization  and  are  generally  beyond  the  control  oi  the  engineer. 

The  work  was  carried  on  at  a  distance  of  from  25  to  50  miles  from  the  base 
of  supplies  and  shipping  point  on  the  railroad  and  therefore  a  great  deal  of 
hauling  was  necessary  which  would  not  be  If  operations  were  carried  on  near 
the  base  of  supplies.  Two  teams  and  one  saddle  horse^were  used.  The 
teams  were  driven  alternately  in  the  field  except  when  one  team  was  hauling 
supplies  or  moving  camp. 
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was  intended  to  be  self-supporting,  including  the  wages  of  the  cook.  The 
mess-house  was  on  wheels  with  walls  and  roof  of  heavy  canvas  stretched  over 
a  light  wooden  frame,  the  whole  being  easily  moved  from  camp  to  camp  by 
four  mules. 

Attached  is  a  detailed  cost  summary,  showing  cost  per  acre  of  the  work  in 
both  districts,  which  includes  the  cost  of  moving  the  camps  a  total  distance  of 
35  miles. 

Tablb  XIII. — Cost  op  Topographic  Rbsubvey  for  District  No.  2  Truckbe- 

Carson  Irrigation  Project 

Coat  per 
Classification  Amount         sq.  mile 

Horizontal  Control: 

Labor $    294.86  $11.84 

Corral  expense 36 .  00             1 .  45 

Supplies 25.98             1.04 

Miscellaneous  expense 94 .  90            3 .  81 

Total  for  horizontal  control . . .' $    451 . 74       $  18. 14 

Vertical  Control: 

Labor $     122.15  $    4.90 

Corral  expense * 18 .  60  .74 

Supplies ».  77  .89 

Miscellaneous  expense 42. 50  1.71 

Total  for  vertical  control $     192.92       $    7.74 

Plane  Table  Development: 

Labor $1,294.77  $  52.00 

Corral  expense 114 .0  4. 58 

Supplies 19.14  .77 

Miscellaneous  expense 389 .83  15 .  65 

Total  for  plane  table  development $1 ,817 .  74       $  73 .  00 

Draughting $     162.05  6.50 

General  expense 252.71  10.15 

Summary  by  Items: 

Labor $1,711.78  $  68.74 

Corral  expense 168.50  6.76 

Supplies 54.89  2.20 

Miscellaneous  expense 527 .23  21 .  18 

Draughting 162.05  6.50 

Total  field  cost $2,624.45       $105. 38 

General  expense 252.71  10. 16 

Totals , $2,877. 16       $116.63 

The  item  "  Miscellaneous  expense,  "  consists  of  idle  time  for  men  and  teams, 
moving  camp,  equipment  depreciation  and  miscellaneous  labor  and  supplies 
which  could  not  be  ciiarged  directly  to  any  of  the  classes  of  work  shown  on  sheet. 
Location  of  work — Townsliips  19  and  20  N.,  R.  27  and  28  E.,  north  of  Carson 
River,  in  District  2.  Area  mapped,  24.9  square  miles;  rough  sandy  country; 
scale,  1  in.  equals  400  ft.;  contour  interval,  2  ft.  Horizontal  control  developed 
from  geodetic  co-ordinates  and  maps  projected  from  poly  conic  projection  41 
linear  miles  of  vertical  control;  26  triangulation  stations  calculated  and  plotted; 
15  permanent  triangulation  station  marks  placed  4  P.  B.  M.'s  placed.  Mess 
loss  of  $90.79  is  not  included  in  the  cost  report.  Average  unit  p^ormanoe  in 
square  miles  per  plane  table  day  24.9,  plane  table  days  94,  unit  performance  255. 

Plane  Tdble  Development. — Relative  to  the  plane  table  work,  Mr.  Gale  says: 

Two  plane  tables  were  operated,  the  party  for  each  consisting  of  plane  table 

man,  recorder  and  two  rodmen.    The  recorder  entered  the  distances  and  rod 

readings  in  the  notebook  and  calculated  the  elevations,  calling  the  same  to  the 
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• 

The  rodmen  soon  became  profldent  in  their  wtHrk,  after  a  period  oi  instnio- 
tiOD,  and  when  they  understood  just  what  was  desired  very  excellent  results 
were  obtained.  A  great  deal  depended*  oi  course,  upoii  the  t<^>Qgraphical 
eye  of  the  topograi^er. 

The'avBrage  area  covered  each  day  by  each  i)&rty  was  0.3  square  mile. 
The  topographers  set  a  standard  for  their  work  of  400  shots  per  diem  and 
always  tried  to  exceed  this  standard  if  possible ;  400  shots  in  one  day,  in  addi- 
tion to  8ket<diing  all  contours  in  the  field,  locating  section  comers  and  moving 
.  between  set-ups,  was  usually  a  i»etty  fair  day's  worl^  but  this  mark  was  fre- 
quently exceeded.  It  can  readily  be  seen  that  the  number  of  shots  taken 
indicates  much  better  than  the  area  covered  how  hard  the  parties  worked 
during  the  day. 

Cost  of  Stadia  Surveys  o<  50,t0*  Acre  Fleod-CMitrol  Basin. — L,  R.  Howson 
gives  the  following  in  Engineering  News-Record,  S^>t.  27,  1917. 

Planning  the  flood-control  system  for  the  protection  of  Columbus,  Ohio, 
necessitated  the  survey  of  an  area  of  50,000  acres  for  three  reservoir  sites  of 
respectively  23,000,  18,000  and  9000  acres.  This  work  is  for  the  Franklin 
County  Conservancy  District,  of  whidi  Alvord  &  Burdick,  of  Chicago,  are 
the  engineers.  It  was  necessary  that  the  survey  information  should  be  avail- 
able for  oOLob  ccmiputations  as  soon  as  possible,  and  that  the  surveys  shoiUd  be 
completed  before  winter.  The  stadia  niethod  was  selected  as  combining 
speed  with  accuracy  for  the  class  of  survey  to  be  made.  The  methods  of 
procedure,  with  instructions  to  parties  and  a  Sjrstem  of' reports  for  comparing 
the  progress  of  th^  three  parties,  were  devised  by  the  writer.  The  survey  was 
in  charge  of  John  C.  Prior,  resident  engineer  for  the  district. 

The  areas  surveyed  differ  greatly  in  shape,  steepness  of  slopes,  percentage 
at  wooded  area  and  regularity  of  width  or  fteedom  from  side  ravines.  The 
Delaware  basin  is  the  largest  and  has  the  most  favorable  topography  for  rapid 
stadia  work.  The  survey  covered  23,000  acres  on  a  »te  about  14  miles  long 
and  from  K  to  2yi  miles  wide.  The  maximum  difference  in  elevation  is 
about  90  ft.    There  are  only  three  large  side  ravines  or  creek  channels. 

The  Dublin-basin  survey  covered  18,000  acres,  of  whidi  about  20%  is 
wooded.  The  area  is  25  miles  long,  with  an  average  width  oi  about  one  mile 
and  a  maximum  of  about  2H  mUes.  The  oounl^y  is  somewhat  rougher  than 
that  in  the  Delaware  basin,  and  has  a  range  of  150  ft.  in  elevation.  More 
numereus  side  ravines,  some  of  which  are  virtually  gorges,  cut  into  the  strati- 
fied limestone  to  depths  of  from  50  to  75  ft.,  with  a  scarcely  greater  width. 

The  Flint  basin,  though  containing  only  about  9000  acres,  has  very  roi^h 
topography  and  is  largely  wooded.  Steep,  side  ravines  enter  the  rivei'  channel 
at  ffeqoent  intervals,  one  every  600  ft.  on  ea/ch  side  ci  the  river  not  being 
imusual.    The  basin  is  about  11  x  IH  miles. 

Each  party  consisted  of  four  field  men  and  one  office  man,  with  salaries  as 
follows:  Chief  of  party,  $115  to  $125  per  month;  instrumentman,  $75  to  $85; 
draftsman  (office),  $85;  two  rodmen,  $2  per  day.  All  expenses  were  paid 
for  the  first  three  men.  The  rodmen  received  all  expenses  when  away  from 
home,  which  averaged  about  half  the  time.  The  work  of  the  instrumentman 
and  the  draftsman  was  considered  of  equal  importance.  Rodmen  were 
picked  up  locally,  being  selected  for  willingness,  agility  and  physique.  A 
bright  country  boy  under  a  good  chief  or  instrumentman  soon  becomes  a 
flrst-dass  stadia  rodman.  For  each  party  there  was  a  Ford  automobile  with 
special  body. 

About  nine  hours  per  day  were  spent  in  the  field.    Primary  traverse  lines 
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for  several  days*  topography  wwe  run  and  closed  before  topognfltj  was 
started  in  that  area.  Primary  traverse  points  were  marked  with  oak  stakes, 
and  letrels  were  taken  on  them.  Secondary  traverses  were  run  aa  topography 
was  taken.  All  these  were  closed  in  each  night,  so  as  to  catch  any  ecrofs. 
Two  field  books  were  used.  The  primary  traverse  line  was  carried  in  both 
books.  The  draftsman  each  day  plotted  the  notes  taken  in  the  field  on  the 
preceding  day.  Bench  marks  were  established  at  about  H-nule  Intervals. 
AU  available  data  were  gathered  as  to  adequacy  of  bridge  and  culvert  openings. 

Special  rods  were  made  to  permit  of  rapid  long-distance  reading  without 
ejre-strain.  The  rods  were  of  1  X  4-in.  dear  poplar,  15  ft.long.  painted  hi 
black  and  white  and  could  be  read  for  3000  ft.  as  easily  as  the  cxdinary  rod  at 
only  a  fraction  of  that  distance. 

The  instrumentman  recorded  bis  own  notes.  For  the  county  surveyed  a 
recorder's  services  were  not  warranted.  For  each  set^p  only  about  15  shots 
could  be  taken. 

The  draftsnum  reduced  all  stadia  notes  with  the  aid  of  a  K.  A  E.  stadia 
computer.  The  notes  were  plotted  with  the  use  of  an  8-in.  fuU-cirde  paper 
protractor,  which  carried  a  scale.  Both  the  elevation  of  the  ground  and  the 
instrumentman*s  shot  number  were  marked  on  the  drawing  for  identificatioa 
by  the  instrumentman  in  his  daily  diecking  of  the  map.  The  scale  was  1  in.  to 
400  ft.  for  the  Ddaware  and  Flint  maps,  and  1  in.  to  600ft.  for  the  Dublin  map. 

Each  chief-of-party  made  a  daily  report  on  a  post-card  blank  form.  This 
gave  the  weather  conditions,  hours  spent  in  the  field,  number  of  transit  set- 
ups, number  of  readings  taken  and  number  of  acres  covei^ed,  with  notes  or 
remarks.  These  were  compiled  into  weekly  reports,  as  shown.  Copies  of 
these  weekly  reports  were  given  to  each  party.  While  the  figures  therein 
were  interpreted  in  the  light  of  the  conditions  inflnencing  them,  they  created 
an  added  impetus  to  make  a  good  showing. 

The  form  of  the  report  was  so  arranged  as  to  indicate  the  differences  in  the 
character  of  the  topogn^hy  of  the  three  areas,  which  has  been  noted  above. 
It  is  evident  that  where  few  shots  per  acre  are  talcen,  the  topography  is  com- 
paratively imlform.  Where  few  shots  per  set-up  are  possible,  the  country  is 
either  wooded  or  rough. 

The  greatest  area  covered  ih  any  one  week  was  2100  acres.  The  greatest 
number  of  shots  in  any  week  was  1902,  or  an  average  of  317  per  day.  The 
average  number  of  shots  per  day  for  all  parties  was  siii^itiy  over  200,  counting 
all  time  occupied  in  running  level  and  traverse  lines. 

Table  XV  shows  the  summarised  performance  and  costs  of  the  three  survey 
parties  on  this  work.  Table  XVI  hiu  been  prepared  to  show  the  costs  of  these 
and  other  stadia  surveys  where  some  details  of  execution,  cost  and  character 
of  land  surveyed  were  available. 

Tabls  XV.-— Stadia  Subvsts  or  RassBVom  Abbas  at  Columbus.   Ohio 

Dublin      Delaware        Flint 

Total  acres  surveyed 18,000  23.000  9,000 

Av.  acres  surveyed  per  day 182  274  106 

Av.  hours  in  field  per  day* 9.1  9.5  9.1 

Transit  setups  per  day 11  6H  8H 

ShoU  per  set-up 13.1  48.5  17.8 

Shots  per  acre 0.78  1.19  1.44 

Shots  per  hour 15.8  34.5  16.8 

Cost,  field  work  per  acre 8.5cU.  6.35ct8.  12.05cts. 

Cost,  map  work  per  acre 2. Sets.  1 . 72ct8.  4 . 40ct8. 

Total  cost,  field  and  map  work  per  acre 10.8ct8.  8.07ct8.  17.85eta. 

*  No  dedueiions  for  inclement  weather. 


ENGINEERING,  SURVEYING  AND  COSTS       1663 


l\ 


iH|iii 


g 


1654 


HANDBOOK  OF  CONSTRUCTION  COST 


Topographic  Snnreys. — T\m  aooonq>aiiyiiig  tables,  oompOed  by  Franldiii  it 
Co..  Civil  Engineers.  Philadelphia,  Pa.,  and  published  in  Engineering  News. 
May  28,  1914,  give  cost  data  for  a  number  of  different  surveys.  Under 
"  Remarks"  is  briefly  stated  the  character  of  the  country,  the  method  of  doing 
work,  the  time  ci  year,  and  any  notes  which  afDM^  the  cost. 

Tablb  XVII. — Cost  of  Topoobafbical  Subvbts 


Unit 
day 
in 
hr. 

Ti 

Field       ( 
40  days 

3  men 

CrMit 

ffice 

Total 
cost 

Unit  cost 
per  acre 

Sise 

Office 
one  man) 

Field     0 

1.         308  acres 

6H 

10  dajrs 

$327 

$45 

$372 

$1.20 

2.         190  acres 

7 

22  days 

9  das^ 

$194 

$38 

$  232 

per  acre 
$1.22 

3.        104  acres 

7H 

3  men 
8  days 
3  men 

Iday 

$74 

$  4 

$78 

per  acre 
$0.75 

4.    .     300  acres 

8 

40  days 

22  days 

$480* 

$92 

$  572 

«per  acre 
$1.90 

5.           99  acres 

7M 

3  men 
12  days 

4K  dajrs 

$  115 

$23 

$138 

per  acre 
$1.20 

6.     1.464  acres 

8H 

3  men 
87  da3^ 

18  dasrs 

$  1062 

$92 

$1144 

per  acre 
$0.78 

7.  11,264  acres* 
(259    mi.    of 
stadia) 

8 

3  men 
222  days 

4  men 

65  days 

$  3791* 

per  aen 

$386  $4177  $0.37  per  acre 

(Topography 

$14.63  per  nu. 

(stadia  lines) 

*  Field  cost  includes  subsistence. 

B.BMABKB 

1.  95  %  "  points  established  on  5-ft.  contours  with  Y-level,  and  located  with, 
plane-table.  5  %  -  points  established  on  5-ft.  contours  by.  and  located  with 
stadia  traverse  "  (woods).  Land  hilly  with  rise  of  120  ft.  Survey  made 
Aug.  to  Oct.    Scale  of  map — 1  In.  =  100  ft. 

2.  80  %  >"  points  established  on  5-ft.  contours  with  Y-level.  and  located  with 

(>Iane-table.  40  %  »  points  estabHsbed  on  2f^-ft.  contours  with  Y4ev^  and 
ocated  with  plane  table.  20  %  »  woods  >*  pomts  on  5-ft.  contours  establiahed 
and  located  with  stadia  traverse.  Land  hilly  with  rise  of  180  ft.  Survey  made 
in  Dec.  and  Jan.  *  Scale  of  map— 60  in.  »  1  ft. 

3.  70  %  »  points  established  on  5-ft.  contours  with  Y-level,  and  located  with 
plane-table.  30  %  »  woods  ■■  points  on  5-ft.  contours  established  and  located 
with  stadia  traverse.  Land  =>  rolling  «  rise  of  80  ft.  Finished  plan  not  made. 
Survey  made  in  June.    Scale  of  map — 1  in.  »  100  ft. 

4.  70  %  ■■  points  established  on  6-ft.  contours  with  Y-level,  and  located  with 

f>lane-table.  40  %  ■■  points  established  on  3-ft.  contours  with  Y-level,  and 
ocated  with  plane-table.  30  %  «  woods  "  elevations  obtained  by  stadia 
and  vertical  angles-contours  interpolated.  Extra  large  number  of  buildings, 
railroads,  etc.  were  located.  Scale — 1  in.  »  100  ft.  Land  »  rough  and  moun- 
tainous >■  rise  of  430  ft.     Survey  made  Nov.  and  Dec. 

5.  Points  established  on  5-ft.  contours  with  Y-level.  and  located  with  plane- 
table.  Land  »  rolling  »  rise  of  60  ft.  Survey  made  in  F^.  and  March. 
Scale  of  map — 1  in.  «  100  ft. 

6.  90  %  a  points  established  on  10-ft.  contours  with  Y-level.  and  located  with 
plane-table.  10  %  >-  woods  ■■  points  on  10-ft  contours  established  and  located 
with  stadia  traverse.     All  roads  traversed  and  chained. 

Land  «  hilly  »  rise  of  150  ft.  Survey  made  Sept.  to  Dec.  Scale  of  map — 1  in. 
-200  ft. 

7.  Survey  made  entirely  with  stadia.  Tape  never  used.  Rough  and  moun- 
tainous, streams,  ridges,  and  2  coal  outcrop  lines  traversed  and  topography  taken 
by  stadia  and  vertical  angles.  Contours  interpc^ted.  Levels  on  transit  lines 
carried  along  by  stadia  and  vertioal  angles.  Survey  made  Oct.  to  Feb.  Rise  in 
elev.  «  1,150  ft.  Stadia  hnes  tied  on  to  outline.  Survey  made  3  months 
previous.     Scale — 1  in.  =  500  ft. 

Location:    1  to  6  inclusive — ,  in  Pennsylvania.  7,  in  West  Va. 
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Tablb  XVIII. — Railboad  Pbblimxnart  Sitbvets  and  Estxmatbb 


Unit 

Unit 

/^__j. 

cost 
per 

in 

tj '— 

Office 

9V 

^e 

hra.           Field 

(one  man) 

Field 

Office 

Total 

mile 

1.  26     mi. 

8M         74  days 
4  men 

24  days 

$1450 • 

$144 

$1594 

$66.30 

2.  27.5  mi. 

8H         75  days 
4  men 

26  dajrs 

$1400* 

$150 

$1550 

$56.40 

3.  12     mi. 

8H         50  days 
4  men 

35  days 

$1011* 

$165 

$1176 

$98.0 

4.  5.1   mi. 

8H         14  days 
4  men 

14  days 

$  236* 

$43 

$379 

$54.60 

5.  34   mi. 

8             43  days 
9  men 
(inc.  asemen) 

54  days 

$  848 

$238 

$1086 

$32 

NotH. — Field  cost  includes  transportation  (except  to  Cuba).     *  Field  cost 

includes  subsistence. 

Rbmabks 

1.  Transit  line  chained.  Topography  taken  with  Y-level  and  cross-sections. 
Land  ■•  hilly  and  wooded.  Projected  line  =  21  miles.  Survey  made  June  to 
Aiig.     Scale  of  map — 1  in.  -  200  ft. 

2.  Transit  line  cnained.  Topography  taken  with  Y-Ievel  and  croes-sections. 
Land  >■  50  %  woods  and  mountainous  and  50  %  open.  Scale  of  map — 1  in.  » 
2(X)  ft.     Projected  line  "  27H  mi.     Survey  made  Aug.  to  Nov. 

3.  Transit  line  chained.  Extra  larg^e  number  of  locations  of  towns,  railroads, 
etc.,  were  made.  Land  =  rolling  and  <^>en.  Projected  line  »  0  mi.  Topo- 
graphy with  transit  (stadia  and  vertical  angles)  and  plane-table.  Made  in  Feb. 
anaMu*.     Scale  of  map — 1  in.  «  200  ft. 

4.  Transit  line  chained.  Large  number  of  extra  locations  were  made.  Topo- 
graphy with  transit  (stadia  and  vertical  angles)  and  plane-table.  Land  «  rolhng 
and  open.  Projected  line  >»  3.6  mi.  Made  in  May-June.  Scale  of  map — 
1  in.  =  200  ft. 

5.  Transit  line  partly  chained  and  partlv  stadia.  Scale  of  map — 1  in.  ■■  200 
ft.  Topography  with  V-level  and  transit  (stadia  and  vertical  angles).  Land  => 
mountamous  and  heavily  wooded.  Survey  made  Nov.  to  Jan.  No  maps  of 
country.  Cost  of  reconnaissance  therefore  was  greatly  increased.  Subsistence 
amounted  to  $18  per  mile;  was  paid  for  by  owner. 

Location:  No.  1 — N.  Carolina 
No.  2 — Virginia 
No.  3  &  4 — Pennsylvania 
No.  6 — Cuba. 


In  taking  the  Pennsylvania  topography  each  6-ft.  contour  was  traversed  by 
the  rodman  along  points  established  by  the  Y-level  and  located  by  plane-table. 
The  excessive  cost  of  the  fourth  item  was  due  to  the  extra  large  number  of 
railroad  tracks,  buildings,  etc.,  that  were  located. 

The  topography  in  West  Virginia  was  taken  by  running  stadia  and  vertical- 
angle  transit  lines  along  all  streams*  ridges  and  two  coal  outcrop  lines,  one  of 
which  was  about  one-third  and  the  other  two-thirds  of  the  distance  up  the 
moimtainside.  Elevations  were  taken  from  all  these  lines  (which  formed  a 
gridiron  system)  and  the  50-ft.  contour  lines  were  interpolated. 

The  railroad  preliminaries  (with  the  exception  of  the  Cuban  work)  were  all 
tape-measured  transit  lines,  with  topography  taken  either  with  cross-sections, 
stadia  and  verticid  angles  or  the  plane-table. 

In  Cuba,  the  transit  line  was  partly  measured  with  tape  and  partly  by  stadia 
and  vertical  angles.  No  maps  of  the  country  could  be  found  so  that  the  recon- 
naissance was  neoessarfly  much  more  extensive  than  usual,  thus  increasing 
the  cost.  The  owner  provided  subsistence  of  the  men,  which  amounted  to 
about  $18  per  mile. 
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-"Financial  Costs/*  Frequently  Underestimated. — Engineering  and  Con- 
tracting, March  6,  1912,  gives  the  following. 

It  is  rare  that  an  engineer's  estimate  of  the  cost  of  a  project  contains  an 
adequate  allowance  for  what  may  be  called  "financial  costs."  In  fact,  even 
the  most  self-evident  of  these  "  financial  costs,"  interest  dming  construction, 
is  often  omitted  from  cost  estimates.  Sometimes  such  omissions  are  purposely 
made  by  engineers,  especially  when  it  is  known  that  the  owners  or  promoters 
will  themselves  make  an  estimate  of  the  "financial  costs."  We  question, 
however,  whether  it  is  ever  wise  for  an  engineer  to  omit  any  element  of  cost 
that  he  is  capable  of  making,  unless  he  is  specifically  instructed  to  return  an 
estimate  of  the  phsrsiciU  property  only. 

What  are  the  ''financial  costs"  of  a  project?  They  may  be  classified  as 
follows: 

1.  Organization  cost;  i.e.,  legal  and  administrative  costs  (other  than  engi- 
neering and  superintendence),  general  office  expenses,  etc. 

2.  Taxes  during  the  construction  period. 

3.  Brokerage  fee  or  discount  involved  in  marketing  securities. 

4.  Interest  on  the  capital  tied  up  during  the  construction  period. 

6.  Development  cost  (being  the  sequel  to  interest  during  construction)  or 
the  accumulated  deficit  below  a  "fair  return"  on  the  invested  capital  up  to 
the  time  that  a  "fair  return"  begins  to  be  earned. 

This  last  element  of  "  financial  cost ''  is  one  whose  existence  has  always  been 
recognized  by  experienced  promoters,  but  one  that,  until  quite  recently,  has 
never  appeared  in  any  engineer's  estimate  that  we  have  seen.  Yet  failure  to 
provide  capital  with  which  to  meet  the  developineni  coat  of  a  project  hoe  been  the 
cause  of  innumerable  receiverehipe. 

During  the  past  year  we  have  published  several  arttcles  dtecussing  the  devel- 
opment cost,  or  "going  value,"  of  public  utilities,  such  as  railways;  and  the 
method  of  deducing  the  development  cost  by  the  aid  of  the  ledgers  of  a  com- 
pany has  been  illustrated  by  several  examples.  It  may  be  added  that  the 
writer  has  appraised  the  property  of  about  a  dozen  public  utility  companies 
within  the  lust  year,  and  has  deduced  the  development  cost  in  each  case.  It 
is  rare  that  the  development  cost  has  been  less  than  26  per  cent  of  the  cost  of 
the  physical  plant. 

In  Engineering  and  Contracting  Feb.  14,  19^12,  Norman  E.  Webster,  Jr., 

discusses  "Methods  of  Financing  Irrigation  DeveloiHnents."    Mr.  Webster 

gives  estimates  of  the  "financial  costs"  of  inlgation  projects,  expressed  as 

percentages  of  the  cost  of  the  physical  plant.    The  following  is  a  simunary  of 

his  estimate  of  these  cost  items: 

Per  cent 

Organisation  and  promotion 10 

General  administration « 10 

Interest  and  development  cost 21  to  30 

Total,  exclusive  of  bond  discount 41  to  60 

Mr.  Webster  does  not  use  the  expression  development  cost,  but  classes  it 
under  interest  lost  on  the  investment  up  to  the  time  that  the  property  begins 
to  make  sufficient  net  earnings  to  meet  the  interest  charges.  He  estimates  6 
per  cent,  per  annum  on  the  entire  cost  of  the  i^ant  for  a  period  of  3H  to  6 
years,  making  a  total  of  21  to  30  per  cent  to  cover  the  interest  lost  on  the 
investment.  He  also  points  out  that  all  the  bonds  must  usually  be  sold  in 
advance  of  the  first  construction  work,  which  resists  in  a  long  nonremuner»- 


ENGINEERING,  SURVEYING  AND  COSTS       1669 

acy.  Protection  of  his  clients,  and  of  the  public  whom  his  clients  seek  to 
interest  in  a  project,  should  be  the  prime  consideration  of  every  engineer  who 
is  called  upon  to  design  a  plant  and  estimate  the  cost.  Full  protection  can 
only  be  given  by  a  correct  and  full  estimate  of  cost  up  to  the  time  that  the 
project  will  begin  to  yield  an  adequate  return  on  the  invested  capital. 

Contractor  Analyzes  Overhead  Costo  from  Five-Tear  Records. — 'The  f (blow- 
ing is  given  in  Engineering  News-Record,  April  11,  1918. 

Overhead  is  the  deceptive  part  oi  a  contractor's  costs  on  a  sewer  contract. 
So  stated  Stanley  D.  Moore,  president  of  the  Moore-6eig  Ckmstruction  Co., 
Waterloo,  la.,  at  the  1918  annual  meeting  of  the  Iowa  Engineering  Society. 
Less  than  10%  of  the  contractors  of  the  country  are  successful  or  even  solvent. 
In  his  opinion.  Further  notes  from  his  paper  follow:  "  In  this  age  of  pro- 
duction we  have  kept  our  eyes  only  on  the  lessened  cost  of  the  actual  operation 
and  have  forgotten  that  much  of  this  saving  is  taken  up  in  overhead  charges 
that  did  not  exist  formerly.  The  unit  basis  for  moving  earth  by  hand  may  be 
25  cents  per  yard.  The  same  operation  by  madiine  may  be  peiformed  for 
10  cents  per  yard,  but  the  overhead  charges  on  the  machine  may  equal,  if 
not  exceed  the  15  cents  saved.  The  cmly  advantace  of  the  machine  is  a  gain 
in  time  and  escape  from  labor  shortage." 

An  analysis  of  overhead  dtiaiges,  taken  from  records  of  Mr.  Mooie's  com- 
pany over  a  period  of  five  years,  represents  $500,000  worth  of  sewer  work. 
It  was  done  in  better  than  average  soil,  at  better  than  average  price,  handled 
with  better  than  average  efficiency  by  a  well-equipped,  well-financed  and  well- 
organized  concern.  Figures  for  1917  were  omitted  purposely  because  of  the 
unusual  conditic»is  under  which  the  firm  sustained  a  loss. 

Contract  prices  in  this  analjrsis  were  distributed  as  foUows:  Profit,  1.6%; 
overhead,  18.4%;  material,  18.0%  and  labor.  62.0%. 

In  the  table,  job  expense  includes  freight  on  tools,  drayage,  transportation, 
straight  time  men,  bunk  houses  and  storage.  In  the  consumed  material 
item  are  such  things  as  lumber,  jute,  dynamite,  coal,  gasoline,  kerosene, 
cement  bags  and  boots. 

Figured  on  the  basis  of  net  instead  oi  gross  cost  the  24%  becomes  31.7% 
and  to  yi^d  10%  on  one's  money  the  total  bid  should  be  146.4%  of  the  net 
cost  made  up  of  net  cost  100%,  overhead  31.7%;  and  pto&t  14.7%.  To 
yield  15%  the  overhead  is  the  same,  31.7%;  but  profit  is  raised  to  22.8%, 
nuiking  the  total  bid  154.5%. 

Sboregatsd    Ovsrhbad  Chabobs 

Five-yr.  PHve-yr. 

average   Estimate  average    Estimate 

Item  1911-16  for  1918  Item  1911-16      for  1918 

Job  expense 1.4%  1.7%  Dues     contractors' 

Maintenance 0.6  0.6  association 1.8%  1.8% 

Plant  repairs 1.5  1.8  Office  expense 0.6  0.7 

Small  tools 1.1  1.3  Salaries 2.3  2.3 

Depreciation 1.0  2.0  Traveling 1.3  1.5 

Consumed  material  2.4  2.4  War  tax 0.5 

Bonds 0.7  1.7  Interest  on  invest- 

Insurance 1.6  1.9  ment 0.5 

Interest 1.1  1.3 


Discount 1.0  2.0  18.4%      24.0% 

The  items  of  cost  for  which  money  was  actually  paid  out  oompared  with 
those  for  which  the  engineer  usually  allows  are  listed  9s  follows:  Engineer's 
costs  usually  cover  only  sewer  pipe,  bonds,  insurance,  labOT,  discount  and 
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associstioii  dues,  bnt  be  forgeta.  said  Mr.  Mome,  jute,  city  coancOB*  special 
lequesto.  cement,  tools,  inefficiaoK^,  depredation,  interest,  errors.  rmlarTm. 
bad  worlc,  attorney's  fees,  taxes,  trao^KHtation,  engineer's  orora,  ensineer's 
delays,  engineer's  estimate,  maintenance,  bad  weattaer.  frngfat  on  tools, 
straight  time,  storage,  lumber,  repairs,  shipping  delays,  oflfice  exp&taB,  man- 
holes, drayage,  bad  luck,  trareling  exprase,  water  pipe  and  gas  mains. 

Finally,  said  Mr.  Moore,  there  has  been  too  much  secrecy  on  the  part  of  the 
contractor,  too  little  inf  (Hmation  giren.  by  the  engineer  and  too  mudi  so^Hcton 
on  the  part  of  the  communities,  also  a  regrettable  lade  oi  coorideratioa  of  the 
rights  of  the  contraetcu'  by  engineers.  Both  engineers  and  ecmtractMs  guess 
too  much. 

Fixed  Plant  Charges. — ^The  ordinary  *' fixed  diaiges"  on  a  plaiit  are  (1) 
interest,  (2)  d^reciation  (exdusive  oi  current  repairs),  (3)  insuranoe,  and  (4) 
taxes.  Often  to  these  it^ns  should  be  added  the  cost  of  houstng  the  plant 
when  idle. 

Depredation  is  the  loss  in  value  that  occurs  in  spite  of  current  expenditures 
for  maintenance.  Depredation  may  be  due  to  the  forces  of  nature  or  to  the 
**progress  of  the  art"  wliich  renders  a  pUmt  obsolete.  Excavating  i^ant  is 
commonly  estimated  to  suffer  a  depreciation  of  10  to  20%  per  annum.  Some- 
times the  entire  first  cost  of  a  special  plant  is  charged  up  against  one  job,  if 
there  is  not  a  strong  likdihood  of  using  it  a^airL 

Insuranoe  and  taxes  are  usually  so  small  relative  to  depreciation  that  they 
are  not  separately  estimated,  but  a  liberal  aliowaooe  is  then  made  for 
depreciation. 

Repairs  should  be  estimated  as  an  cqierating  expense  item  entiiely  sep*rate 
from  depreciation,  for  repair  costs  depend  mine  upon  the  activity  of  the  plant 
than  upon  the  lapse  of  time,  whereas  depreciation  usually  progresses  with  the 
li^Me  of  time  even  in  the  absence  of  any  use  oi  the  plant. 

The  annual  "  fixed  charges"  should  be  divided  by  the  probable  number  of 
days  actually  to  be  worked  per  annum.  As  i»eviously  stated,  the  avna^  is 
150  days  or  less,  for  most  excavating  plants  in  America. 

Fixed  charges,  repairs,  the  cost  of  plant  installation  and  shifting,  and  time 
lost  through  delays  from  breakdowns,  etc.,  toe  commonly  underestimated. 
In  addition,  the  cost  of  surplus  or  standby  plant  is  seM(»n  induded  in  estimates 
of  cost,  yet  there  are  few  jobs  where  it  does  not  pay  to  have  a  considerable 
investment  in  plant  that  is  on  hand  for  emergendes.  Extra  cars,  wagons, 
scrapers,  plows,  pumps,  etc.  are  nearly  alwajrs  necessary. 

Operating  Expense. — Operating  expenses  may  be  divided  into  direct 
expense  and  joint,  general  overhead  expense,  which  together  embrace  all  costs 
except  the  "  fixed  charges"  already  discussed. 

Direct  expenses  are  those  directly  assignable  to  a  given  munber  of  yards  of 
excavation  in  a  given  place. 

Joint,  or  general,  or  overhead  expenses  are  those  that  must  be  allocated  or 
prorated  because  they  are  not  directly  assignable  to  a  given  yardage. 

Preparatory  expense  is  the  expense  incurred  in  installing  the  plant,  building 
construction  trails  and  roads. 

Dismantling  expense  is  the  cost  of  dismantling  and  removing  the  plant  and 
outfit. 

Shifting  expense  is  the  expense  of  moving  the  plant  and  outfit  from  one  part 
of  the  job  to  another  part  of  the  same  job. 

Idleness  expense  is  the  expense  incurred  when  the  plant  is  not  engaged  in 
excavating,  preparing,  shifting  or  dismantling. 
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Productive  expense  is  the  expense  incurred  when  the  plant  is  actually  working. 

Although  it  is  not  customary  to  analyze  expenses  in  this  manner,  it  is  wise 
to  do  so  at  least  occasionally  on  every  job,  not  only  to  be  able  to  estimate 
costs  of  future  work  with  greater  accuracy  but  to  effect  reductions  in  the 
cost  of  the  work  in  hand. 

Schedule  of  Contractors  Fees  on  Government  Work. — The  following  matter, 
given  in  Engineering  and  Contracting,  April  17,  1918,  is  a  revision  of  the  i)er- 
centage  fees  on  Government  contracts  made  by  the  Emergency  Construction 
Committee  of  the  Council  of  National  Defense.  Under  the  old  schedule  the 
fee  for  work  costing  under  $100,000  was  10  per  cent ;  8  per  cent  for  work  costing 
over  SIOO.OOO  and  under  $125,000,  8  per  cent  for  work  over  $125,000  and  under 
$250,000,  $20,000  for  work  over  $250,000  and  under  $266,666.67  and  7K  per 
cent  for  work  costing  more  than  the  latter  figure  and  under  $500,000.  For 
work  costing  over  $535,714  and  under  $3,000,000  the  old  fee  was  7  per  cent; 
and  for  work  costing  over  $3,250,000  and  under  $3,500,000  it  was  $210,000 
and  foy  work  costing  over  $3,500,000  the  old  fee  was  6  per  cent. 

Under  the  revised  schedule  no  fee  is  to  be  in  excess  of  $250,000.  The 
revised  schedule  follows: 

Cost  of  work  New  fee 

Under  $100,000 '. 7  % 

Over  $100,000  and  under  $125,000 - $     7,000.00 

Over  $125,000  and  under  $250,000 

Over  $125,000  and  under  $450,000 QH  % 

Over  $250,000  and  under  $266,666 

Over  $266,666  and  under  $500,000 

Over  $450,000  and  under  $500,000 29,250.00 

Over  $600,000  and  under  $636,714 

Over  $500,000  and  under  $1,000,000 6  % 

Over  $535,714  and  under  $3.000,000 

Over  $1,000,000  and  under  $1,100.000 60,000.00 

Over  $1,100,000  and  under  $1,500,000 5H  % 

Over  $1,500,000  and  under  $1,650,000 82,500. 00 

Over  $1,650,000  and  under  $2,200,000 5  % 

Over  $2,200,000  and  under  $2,450,000 110,000. 00 

Over  $2,450,000  and  under  $2,850,000 4H  % 

Over  $2,850,000  and  under  $3,250,000 128,250.00 

Over  $3,000,000  and  under  $3,600,000 

Over  $3,250,000  and  under  $4,000,000 4  % 

Over  $3,500,000 

Over  $4,000,000  and  under  $4,250,000 160,000.00 

Over  $4,250,000  and  under  $4,775,000 3^  % 

Over  $4,775,000  and  under  $6,175,000 179,062. 50 

Over  $6,175,000  and  under  $5,726,000 3K  % 

Over  $6,726,000  and  under  $6,225,000 200, 375. 00 

Over  $6,225,000  and  under  $6,826,000 ' ^H  % 

Over  $6,825,000  and  under  $7,400,000 221,812.  50 

Over  $7,400,000  and  under  $7,750,000 3  % 

Over  $7,750,000  and  under  $8,350,000 235,600.00 

Over  $8,350,000  and  under  $8,800,000 2^  % 

Over  $8,800,000  and  under  $9.660,000 242,000.00 

Over  $9,650,000  and  imder  $10,000,000 2H  % 

Over  $10,000,000 250,000.00 


MISCELLANEOUS  COSTS 

trlbuMl  betvoen  tide  work  uid  other  irork  upon 
whlcb  ttwy  were  eagaeeil  at  tbe  same  time.  S . 

Cost  of  ■  BeiDfofcad-Caderste  SMillnm.  Braoklrn,  B 

H,  r.  (EnglneCTlng  News,  May  31,  1914).— The  -B" 
oonslructlon  of  a  large  relntoreed-coocrete  baeebaU  g; 
stadium  at  the  Federal  League  Grounds.  Fourth  4 
A-re.  and  3rd  St..  Brooklyn,  N.  Y..  was  eommBneed  | 
Mar.  9.  1911,  On  Apr  20,  the  last  concrete  was 
placed  for  the  structure.  On  May  5,  allfornu  were 
stripped  and  on  May  11  the  completed  stand  waa 
turned  over  to  an  audience  of  16,000  people  viewing 
the  Hret  game  ol  the  season.  The  work  cost  about 
S2T6.aOO.  The  rate  of  erection  Is  shown  In  the 
accompanying  tabulation. 

The  plana  and  speclScaUons  for  the  stadium  are 
'  the  same  as  those  prepared  for  the  Federal  League 
Baseball  Grounds  In  ClScago,    Tbe  principal  modl- 
flcatlons  were  as  to  grades  and  code  r^ulatlons. 
The  CWcsgo  contract  was  Bipied  on  Feb.  27  and 
completed  on  Apr.  23:  the  time  elapsed  being  the 
same  as  □□  the  Broolilyn  stands.     The  work  was 
carried  out  In  Brooklyn  In  accordance  with  specUl-    j 
cations,  but  in  Chicago  the  contractors  were  obliged     i 
to  substitute  steelwork  for  the  relnforced-concrete    i 
work    specified,    because    the  -  Chicago    BnlMIng    i 
Department  would  not   penult  such  a  concrete    \ 
structure  to  be  used  until  the  concrete  bad  set  40    | 
days.   It  wm  be  noted  that  at  Brooklyn  only  23  days    ] 
elapsed  from  the  last  pouring  of  concrete  to  the   ^ 
loading  ot  the  stands. 

Thi  Canlrart. — The  contract  ewoprlaed  all  work 
necessary  for  Che  erection  of  a  curved-plan  grand- 
stand 865  K  119  ft.  In  area  and  about  SB  ft.  higfa; 
a,  bleacher,  and  a  20-tt.  brtck  wall  1100  ft.  long,  12 
in.  thick,  with  20-ln,  brick  piers  spaced  on  ZO-ft. 
centers.  Each  pier  of  the  brick  wall  was  reinforced 
against  wind  pressure  by  two  B-lo.  channel  uprights, 
14  ft.  high  and  kneebraced  at  the  bottom.  The 
channels  were  faatened  to  the  wall  by  connecting 
rods  embedded  In  the  bridtwork.  The  grandstand 
Is  ot  reinforced  concrete  from  the  ground  to  the  top 
seat-steps.  It  Is  supported  on  eight  relnforoed- 
coocrete  columns  of  length  decreasing  from  29  ft. 
at  the  rear  or  outer  chord  to  3  ft.  at  the  front  or 
Inner.  The  seat-steps  rest  on  concrete  girders  12 
In.  wide  spanning  these  columns. 

The  steel  roof  of  the  grandstand  Is  carried  on  two 
lines  of  steel  columns — numbers  1  and  5.  counting 
the  outer  chord  as  number  1.  Ilie  roof  slopes 
upward  from  the  outer  chord  to  the  other  support. 
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a  distance  of  about  66  ft.  and  a  slope  of  about  1:5.  From  the  seoond  pomt 
of  support,  it  cantilevers  out  24  ft.  9H  in**  the  upper  chords  of  the  trusses 
declining  toward  the  lower  throughout  this  distance  and  joining  at  the  end. 
This  whole  grandstand  structure  is  designed  with  the  idea  of  eventually 
adding  another  tier  (steel)  of  seats.  When  this  is  done,  the  roof,  with  the 
exception  of  the  cantilevered  portion,  will  be  raised.  The  cantilevered 
section  will  form  the  inside  of  the  new  tier  ¥^ch  will  continue  rising  to  the 
outer  chord. 

The  Chicago  footings  were  designed  to  carry  5000  lb.  per  sq.  ft. ;  but  borings 
in  Brooklyn  showed  that  the  soil  was  only  good  for  2000  lb.  per  sq.  ft.  This 
necessitated  the  enlarging  in  plan  of  380  footings  in  order  to  obtain  sufficient 
carrying  capacity.  All  footings  over  8  X  8  ft.  in  plan  were  made  reinforced- 
concrete  footings;  those  larger  were  made  of  plain  ccmcrete  stepped  up  from 
the  base  to  the  column. 

Construction. — In  addition  to  the  feature  of  speed,  that  of  eflOcient  organi- 
zation should  be  noted.  The  timber  was  cut  to  size  by  two  electric  saws.- 
The  liunber  and  reinforcing  rods  were  trucked  to  the  field  and  distributed 
where  needed.  The  plant  comprised  three  90-ft.  towers,  equipped  with  con- 
crete chutes,  96  ft.  long;  ^-cu.  yd.  electric-driven  mixers,  and  electric  hoists. 
The  plant  was  erected  at  the  exterior  chord  of  the  work  and  all  concreting 
materials  were  delivered  at  the  plant. 

The  concrete  was  mixed  steadily  and  from  the  tower  was  conveyed  by  chute 
to  a  central  wood  distributing-hopper  of  about  5-tons  capacity.  From  this 
hopper,  smaller  chutes  radiated.    The  hopper  acted  as  a  redudng  valve. 

The  main  chutes  were  set  at  an  inclination,  of  1 :4  and  worked  satisfactorily 
at  this  angle.  The  wetness  of  the  mix  was  varied  with  tempen^ture  in  order 
to  secure  uniform  flow.  The  slope  of  the  stand  was  also  about  1 :4  and  it  was 
feared  that  the  wet  concrete  would  bulge  up  the  lower  steps  from  the  upper; 
but  by  pouring  the  concrete  in  the  upper-step  forms,  it  had  set  sufficiently 
when  it  reached  the  lower  step  to  prevent  the  expected  bulging. 

The  average  total  number  of  men  engaged  in  the  work  was  about  875, 
divided  as  follows:  carpenters,  250;  carpenter's  helpers,  60;  metal  lathers,  75; 
concrete  laborers,  150.  In  addition  to  these,  ^here  were  about  15  timekeepers, 
foremen  and  draftsmen.  The  men  engaged  in  concrete  work  numbered  550. 
The  balance,  about  325,  were  bricklayers,  structural-steel  men,  painters, 
plumbers,  sheet-metal  men,  plasterers  and  laborers. 

Cost  of  the  Concrete  Palmer  Memorial  Stadium,  Princeton,  N.  J. — Engi- 
neering and  Contracting,  May  26,  1015,  gives  the  following: 

In  plan  the  Princeton  stadium  is  horseshoe-shaped,  with  two  straight  paral- 
lel sides,  each  about  454  ft.  long,  connected  at  one  end  by  a  three-centered 
curved  portion.  The  total  length  of  the  structure  is  about  652  ft.,  its  width, 
center  to  center  of  outside  colunms,  is  520  ft.,  and  its  height,  to  the  top  of  the 
main  entrance  towers,  is  72  ft.  At  the  lower,  or  inside,  face  of  the  stadium 
there  is  a  3-ft.  passageway  around  the  entire  structure.  The  dear  playing 
field  is  about  250  ft.  wide  by  510  ft.  long.  The  structure  is  surrounded  by  a 
high  iron  picket  fence  forming  an  enclosure  into  which  the  spectators  are 
admitted  through  turnstiles  located  opposite  to  the  main  entrance  at  the 
curved  end.  From  this  enclosure  the  people  enter  the  stadium  through  26 
runways  located  at  uniform  distances  around  the  structure.  These  runways 
are  inclines  and  extend  from  the  exterior  ground  level  to  openings  located  at 
about  mid-height  of  the  stadiiun. 

Conatruction  Features. — ^In  leveling  the  field  steam  shovels  and  carts  were 


MISCELLANEOUS  COSTS  1665 

used,  about  40,000  cu.  yds.  of  earth  being  moved  in  this  way.  After  the  area 
was  excavated  to  the  proper  level,  the  playing  field  was  covered  with  a  30-in. 
fill  consisting  of  successive  layers  of  broken  stone  and  cinders,  with  open- joint 
.  drain  tiles  along  the  botttun.    This  base  was  then  surfaced  with  new  turf. 

The  concreting  work  was  carried  on  by  two  separate  gangs,  each  having  an 
organization  complete  in  Itself.  The  woric  was  started  at  the  open  end  of  the 
stand,  one  gang  operating  on  eadi  wing.  The  keen  ecmipetitlon  which  de- 
veloped  between  the  two  gangs  resulted  in  exceedin^y  rapid  progress. 

The  concrete  was  hoisted  in  160-ft.  steel  towers  and  was  chuted  into  place 
through  long  flexible  chutes  suspended  from  a  cableway.  These  towers  were 
placed  back  of  the  stand,  being  so  located  that  it  was  possible  to  pour  about 
two-thirds  of  one  straight  side  in  these  positions.  They  were  then  moved  to 
points  near  the  curved  end,  and  the  structure  completed. 

The  hoisting  bucket  in  each  tower  was  charged  from  a  f^-cu.  yd.  motor- 
driven  mixer,  the  materials  being  delivered  to  the  mixer  in  wheelbarrows,  from 
storage  piles  located  near  by.  With  the  use  of  a  double  set  of  three-bay 
forms  for  each  wing  the  concreting  operations  were  made  continuous,  the  first 
set  of  forms  being  moved  and  re-erected  while  the  concrete  in  the  second  set 
was  being  poured. 

The  first  concrete  was  poured  on  June  29,  1914,  and  the  two  wings  were 
joined  together  on  Oct.  3,  1914,  the  best  day's  run  being  227  cu.  yds.  of  con- 
crete poured  by  one  gang  in  10  hours.  The  entire  structure  was  completed  in 
178  working  days. 

There  were  used  in  the  construction  of  the  stadium  78,000  bags  of  cement, 
6,000  cu.  yds.  of  sand,  11,000  cu.  yds.  of  stone,  450  tons  of  reinforcing  rods, 
376,000  sq.  ft.  of  "Clinton"  wire  mesh,  and  1,670,000  ft.  B.  M.  of  lumber. 

The  stadium  was  completed  during  the  latter  part  of  1914  at  a  cost  of  about 
$300,000.  This  makes  the  cost  per  seat  about  S7.25.  This  figure  compares 
favorably  with  the  cost  of  other  stadia  as  given  in  Engineering  Record,  March 

28,  1914  as  follows: 

Cost 
per  seat 

Harvard  Stadium $13 

Boston  Baaeball  Club 24 

Cost  of  a  Reinforced  Concrete  Sand  Bin. — G.  A.  Flink,  in  Engineering  and 
Contracting,  March  12,  1913,  describes  a  reinforced  concrete  sand  bin  built 
by  common  labor  in  the  employ  of  the  Lewistown  Foundry  &  Machine  Co., 
of  Lewistown,  Pa.,  in  conjunction  with  a  sand  mill  erected  for  the  Berkeley 
Springs  Sand  Co.,  at  Berkeley  Springs,  W.  Va. 

Bids  were  invited  for  this  work,  and  ranged  from  $12,000  to  $6,900;  this 
being  considered  too  high,  the  Foundry  and  Machine  company  decided  to 
build  the  bin  themselves.  A  good  superintendent  was  employed,  material 
ordered  and  work  started,  the  engineer  who  prepared  the  design  assuming 
charge  of  the  work,  and  keeping  in  touch  with  it  by  means  of  daily  reports, 
and  an  occasional  visit. 

Shoring  had  to  be  erected  to  keep  the  railroad  tra<ac  fai  i^ace  while  exca- 
vating for  the  footings.  These  latter  were  under  water  at  times,  and  62 
hours*  labor  was  spent  at  the  pump.  The  concrete  was  a  1 :2 :4  mixture  turned 
out  by  a  batch  mixer,  and  hoisted  to  the  top  on  an  elevator,  from  where  It  was 
wheeled  to  the  place  desired  in  barrows.  Careful  spading  was  kept  up  at  all 
times.  Work  was  broken  on  top  of  the  column-footings  while  the  fbnns  for 
the  columns  were  being  placed,  and  at  top  of  columns  while  building  beam 
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tanrm  And  pladocr  the  niaHxeesaBot,  No  smdaot  finiah  was  oofnidaed 
needed,  tbe  concrete  fllttn^  the.  planed  fonna  to  peifection,  and  no  (jlbjec^oii 
hting  advanced  to  the  i^ipcaranee  of  the  grafai  of  the  wood  on  the  oonaete 
BurfaoBB,  or  to  the  ridges  caused  by  the  joints  between  the  boards. 

The  bin,  100  by  16  ft.  in  plan,  is  divided  into  four  oampartments,  the 
interior  dimensions  of  whicdi  were  14  ft.  4  ins.  wide,  23  ft.  8.5  ins.  kmir  and  17 
ft.  deep.  The  bin  is  supported  on  18  oolunmB  94  by  24  ins.  and  26  ft.  hich. 
The  whcde  structure,  with  the  exertion  at  roof,  is  of  reinforced  cop<a<ete. 

A  reinforced  cona:ete  slab  roof  on  steel  trusses  was  deeiened  for  the  bin, 
but  a  timber  and  slate  Mansard  roof  was  built  in  its  plaoe. 

The  following  data  show  the  cost  of  structure: 

Supervision  and  labor $2.655. 40 

Material  (sand,   cement,    stone,  steel  and  lumber) .. .     2,568.91 

Freight  and  express 195. 54 

Electric  ligjit 7.25 

Hauling,  telegrams,  telephone,  mileage,  gasoline,  oil        185.18 

Total  cost $5,612.28 

This  total  oost  was  distributed  as  follows: 

Supervision  (hours) 874 

Carpenters  (hours) 3,386 

Steel  gang  (bending  and  placing)  (hours) •  1 ,  159 

Helpers  (n<mrs) IIO 

LalKNrers  (hours) 4,374 

Broken  stone  (cu.  yds.) 250 

Sand  (cu.  vds.) 118 

Ckmorete  (cu.  yds.) 415 

Reinforcing  steel  (lbs.) 45. 135 

Inch  lumber  (ft.  B.  M.) 16,700 

Timber,  ranging  from  2  by  4  to  4  by  6  (ft.  B.  M.) 16, 000 

Molding,  K  round,  etc.  (lin.  ft.) 3,000 

Cost  of  Concreting  Swimming  Pool  at  Riverview  Park,  Chicago. — ^Engineer- 
ing and  Contracting,  Nov.  3,  1015,  gives  the  following: 

The  pool  has  over-all  dimensions  of  148.25  ft.  long  by  35  ft.  wide  with  walls 
varying  from  5  to  12  ft.  in  height.  (A  large  cut  showing  detailed  dimojiaiftna 
and  type  of  reinforcement  is  given  in  Engineering  and  (Ikmtracting.)  The 
capacity  of  the  tank  is  about  450,000  gals. 

The  form  work  was  all  done  in  one  week.  One  8  hr.  shift  was  worked  per 
day.  The  concrete  was  all  placed  in  2H  days.  No  water-proofing  compound 
was  incorporated  in  the  concrete  but  as  soon  as  the  forms  were  removed  the 
inside  surf  aoes  wete  given  three  coats  of  Ironite.  These  coats  were  applied  in 
2  days'  time.  One  leak  developed  after  the  pool  was  filled.  It  was  located  at 
the  junction  of  the  sidewall  and  the  floor.  The  leakage,  whidi  amounted  to  3^ 
in.  in  levdL  per  day,  was  not  large  enough  to  warrant  emptying  the  pool  for 
making  repairs.  After  two  or  three  weeks'  service  the  leak  silted  up  and  the 
flow  from  this  point  ceased.  The  pool  is  filled  with  the  comparatively  clear 
water  drawn  from  the  Chicago  mains. 

All  the  concrete  was  mixed  in  a  ^-cu.  yd.  batch  mixer  set  about  40  ft.  outside 
the  building.  A  runway  was  built  up  leading  from  the  mixer  to  the  forms. 
Concrete  was  conveyed  from  mixer  to  forms  in  Ransome  omcreting  buggies 
holding  6  cu.  ft.  each.  Two  exlfa  men  were  required  to  help  in  pushing  the 
buggies  up  the  indine.    The  concrete  in  the  floor  was  all  chuUd  to 
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the  buggies  dignhaiying  into  the  obute.  An  8-ft.  wide  pUtform  was  con- 
structed all  around  the  wall  forms  and  the  buggies,  running  on  this  platform, 
were  dumped  directly  into  the  wall  forms. 

The  forms  were  made  up  of  panels  2  ft.  wide  by  15  ft.  long.  The  contrac- 
tor's labor  cost  for  placing  the  conoete  was  $1.20  a  cubic  yard.  The  form 
labor  cost  15  cts.  a  square  foot.  Carpenters  were  paid  70  cts.  an  hour  and 
laborers  40  cts. 

The  pool  contains  220  cu.  yds.  of  oonciete.  The  contract  price,  exclusive 
of  excavation,  was  $3,700,  or  $16.80  per  cu.  yd. 

'Cost  of  Excavating  and  Concreting  a  Swimming  PooL — The  following  is 
given  by  A.  Crane,  Sup't.  for  the  contractor,  hi  Engineering  and  Contracting, 
Nov.  2,  1910. 

A  swimming  pool  recently  built  in  the  annex  to  the  Sinai  Temple,  Chicago, 
was  excavated  undw  rather  difficult  conditions,  owing  to  the  water  encoun- 
tered and  the  nature  of  the  soil,  which  was  clean  sand.  The  excavation  for 
the  basement  of  the  building  was  carried  8  ft.  below  the  street  level  and  that 
for  the  pool  was  carried  14  ft.  deeper,  UK  ft.  of  which  was  below  the  level 
of  the  ground  water.  The  area  oontahiing  the  pool  was  enclosed  by  3-in. 
tongued  and  grooved  sheeting,  the  lines  ci  rtieeting  being  71  X  32  ft.  This 
area  was  11  ft.  greater  each  way  than  the  inside  dlmensionB  of  the  pool  and 
allowed  for  the  walls  which  were  1  ft.,  6  ins.  wide  at  the  top  and  3  ft.,  6  ins. 
wide  at  the  bottom.  The  sheeting  was  driven  by  hand  with  a  wooden  maul, 
two  men  being  kept  at  this  work  while  the  excavation  was  being  carried  on. 

In  order  to  keep  the  site  unwatered  a  point  ^^tem  was  used.  A  3-in. 
main  was  laid  around  the  upper  edge  of  the  excavation  and  l>^-in.  points 
about  Id  ft.  long  were  placed  every  8  ft.  along -the  inside  of  the  sheeting  and 
connected  by  hdse  to  the  8-in.  main.  The  IH-in.  points  consist  of  galvanized 
iron  pipes  having  solid  cone-shaped  points  af  the  lower  ends.  From  the  lower 
ends  up  for  36  ins.  they  were  perforated  with  H-in.  holes  and  screened  with 
fine  wire  mesh.  As  the  excavation  proceeded  the  points  were  lowered  and 
kept  just  low  enough  to  unwater  the  site  as  low  as  the  excavation  proceeded. 
It  was  necessary  to  have  one  man  looking  after  the  points,  giving  them  a  twist 
once  in  a  while  to  keep  the  particles  oi  sand  from  dogging  the  wire  mesh. 
Two  Nye  pumps,  size  No.  6,  were  used,  one  being  set  at  each  end  of  the*work. 
These  pumps  were  attached  to  the  main  so  that  each  pump  handled  the 
water  from  half  of  the  area.  Toward  the  end  of  the  work,  however,  the  water 
was  held  back  by  the  concrete  floor  and  only  one  pump  was  necessary.  A 
gage  on  each  of  the  pumps  showed  them  to  be  creating  over  30  ins.  of  vacuum 
at  every  stroke. 

The  work  was  all  done  by  hand.  The  material  was  shoveled  to  a  scaffold 
and  on  to  the  bank  behind  the  sheeting  and  then  slioveled  back  to  make  space 
for  more.  The  material  in  the  center  of  the  pit  had  to  be  thrown  toward  the 
edge  before  being  shoveled  onto  the  scaffold  thus  making  four  handlings  for 
that  part.  When  the  excavation  had  reached  about  3  ft.  depth,  12  X  12-in. 
braces  were  set  in  to  hold  the  sheeting. 

They  were  placed  about  8  ft.  apart,  on  centers,  and  butted  against  8  X  18-in 
walling  timbers. 

In  concreting,  a  Smith  M-ou.  yd.  mixer,  operated  by  steam,  was  used,  and 
plank  runways  led  from  the  mixer  out  over  the  work.  Sterling  buggies  of 
about  7  cu.  ft.  capacity  were  used  for  transporting  the  concrete.  A  floor 
12-ins.  thick  was  put  in  and  walls  battered  on  the  outside,  from  8  ft.,  6  ins.  at 
the  bottom  to  1  ft.,  6  ins.  at  the  top.    The  waUs  varied  in  height  from  4  ft. 
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to  0  ft.,6  ins.    The  forms  used  consisted  of  1  X  6-in.  sheathins^  and  2  X  6-iiL 
studding  placed  16  ins.  on  centers. 

The  number  of  laborers  used  on  the  work  varied  considerably  as  this  job 
was  only  a  part  of  the  work  on  a  large  building  and  men  were  put  on  and  taken 
away  as  necessity  required.  The  largest  number  used  on  the  excavation  at 
any  one  time,  however,  was  25  men.  Common  labor  at  37}4  cts.  per  hour 
was  used  for  excavating  and  concreting  and  carpenters  at  62H  cts.  an  hour 
built  the  forms.  The  costs  of  all  labor  was  accurately  distributed  and  resulted 
as  follows: 

96  points  at  $1.00  each S  96. 00 

2,500  sq.  ft.  sheet  piling  at  $0.07 175. 00 

800  cu.  yds.  excavation  at  $0.20 160 .  00 

70  cu.  yds.  floor  slab  at  $0.65 45.  50 

150  cu.  yds.  walls  at  $0.75 1 12 .  50 

3,000  sq.  ft.  forms  at  $0.04H 135. 00 

Total  labor  cost $724. 00 

The  pumps  were  worked  continuously  in  3  shifts  oi  8  hours  each.     The  cost 
of  the  labor  and  pumping  amounted  to  about  $800. 
One  foreman  at  $8  per  day  was  also  charged  to  the  work. 
A  coat  of  Hydrolithic  waterproofing  cement  was  put  on  the  interior  surfaces, 
after  which  a  veneer  waU  of  white  enameled  brick  was  laid. 

Cost  of  Out-Door  Swimming  PooL — ^Engineering  and  Contracting:.  Dec 
10,  1919,  gives  the  following: 

The  Clifton  Park  swimming  pool  in  Baltimore,  Md.,  is  one  of  the  largest 

artificial  pools  in  the  United  States.    It  was  constructed  in  1915  under  the 

plans  of  the  engineer  of  the  City  Plant  Department,  which  has  charge  of  the 

operation  of  the  pool. 

—  _  ^*^^  ^f  Pool.-^~T^  area  selected  for  the  pool  construction  was  triangular  in 

shape,  bounded'on  twlTaflWo^  ^Y JJJjy^streets  intersecting  at  right  angles,  with 

a  high  railroad  embankment,  along  the^*Uier  side,  containing  about  9  acres. 

The  construction  of  the  highways  was  upon  flK6«4,ground  sunilar  to  the  railway 

embankment,  but  of  much  less  elevation,  so  that^^e  area  without  drainage 

would  have  formed  a  natural  pond  or  pool.  v  ^ 

General  Feature*  of  PooL—ThR  pool  is  elliptical  in  sh^pev  with  a  maximum 
diameter  of  595  ft.  and  a  minimum  diameter  of  340  ft.  \ 

The  deep  water  section  of  the  pool  is  also  elliptical  in  shape,  wfti^h  a  minimum 
diameter  of  170  ft.  and  a  maximum  diameter  of  356  ft.  This  v^eep  water 
ellipse  is  at  one  side  of  the  pool  area,  and  from  the  line  of  this  ^^P^^Vhe  depth 
increases  at  a  10  per  cent  grade.  From  the  shaUow  edge  of  ths  po<»n  ^^  ^^ 
deep  water  ellipse,  the  grade  one-half  of  the  way  is  1  per  cent  and  lor  ^^^  bal- 
ance of  the  way  IH  per  cent.  .  .  ,^.  ,  ^ 
The  maxunum  depth  is  9  ft.  and  the  minimum  3  m.    The  pool  has  a  Cm^^^ 

Ity  of  4,500,000  gals.,  with  a  water  area,  when  filled,  of  3Ho  acres.  ^ 

The  water  supply  is  obtained  through  the  city  reservoir  and  filtration  pljfc^^ 
from  the  Gunpowder  River.     The  water  is  suppUed  through  one  8-in   InlA^ 
pipe  and  through  one  needle  shower  with  IH-in.  supply  pipe.    There  is  on? 
outlet  or  drain  pipe  14  ins.  in  diameter.    By  regulation  of  mlet  and  dram  valves 
there  is  a  constant  circulation  of  water,  and  the  pool  is  emptied  and  cleaned 
annuaUy.    The  city  filtration  is  depended  on  for  the  purity  of  the  water  and 
chemicals  are  not  used.    Bacteriological  tests  of  the  water  have  never  been 
made. 
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Preliminary  Work. — ^A  48-in.  combination  storm  water  sewer  line  from  a 
residential  section  north  oi  Clifton  Park  had  been  carried  to  and  mider  the 
railroad  embankment  into  the  triangular  area  where  the  line  was  partly 
exposed.  There  was  also  a  considerable  wash  from  the  railroad  embankment, 
and  by  way  of  preparation  for  the  pool  construction  considerable  grading  and 
filling  was  necessary.    The  cost  of  this  work  was  as  follows: 

4,230  labor  hours  at  25  cts $1,057 

356  team  hire  hours  at  62H  cts 222 

330  ft.  6-in.  terra  cotta  pipe  with  fittings 69 

11,727  cu.  yds.  of  earth  at  10  cts 1 ,  172 

»■■■    ■■■  ,,mww^ 

Total $2, 522 

Plans  and  specifications  were  prepared  by  the  Park  Engineer  and  contract 
awarded  by  the  Municipal  Board  of  Awards  at  an  expense  of — 

S  40.00  for  design 
62 .  45  for  printing 
25. 65  for  advertising 

Total S128.10 

Contract  Work. — The  contract  work  was  commenced  about  the  middle  of 
April,  1915,  and  completed  in  94  working  days.  The  time  allowance  in  the 
contract  was  120  working  days,  with  a  bonus  of  $10  per  day  for  completion  in 
less  time,  so  that  the  bonus  earned  was  $260. 

The  items  of  work,  done  under  contract,  cost  as  follows: 

Excavation,  4,651  ou.  yds.  at  35  ots $  1 ,627 

Filling  and  replacing,  5,888  cu  yds.  at  25  cts 1 ,  472 

Trench  excavation  and  backfill,  1,014  lin.  ft.  at  45  cts 456 

10-in.  vitrified  pipe,  1,014  lin.  ft.  at  33  cts 334 

Lumber  placed  under  drains,  410  B.  M.  ft.  at  3  ots 12 

Concrete  drain  inlets,  7  at  $35  each 245 

Underdrains  in  place,  483  lin.  ft.  at  75  cts 362 

Concrete  pit  and  drainage  outlet  . . . . , 20 

Changes  to  sewer  line  (including  manhole) 210 

Manhole  for  drainage  valve 90 

Excavation  and  backfill,  water  supply,  510  lin.  ft.  at  56  cts 285 

8-in.  cast  iron  water  pipe  with,  connections,  510  hn.  ft.  at  $1.50 765 

8-in.  supply  valve 25 

Excavation  and  backfill  for  pool  drain,  100  lin.  ft.  at  75  cts 75 

14-in  iron  drain  pipe  with  connections,  100  lin.  ft.  at  $2.40 240 

14-in.  drainage  valve  in  place 55 

Lighting  conduit  (iH-in)  in  place,  2,402  lin.  ft.  at  24  cts 576 

Lighting  conduit  (2-in.)  in  place,  300  lin.  ft.  at  27  cts 81 

Light  poet  foundations,  7  at  $24  each 158 

Light  post  foundations,  11  at  $8.50  each 93 

Concrete  life  buoy  bases,  23  at  $5.40  each 124 

Excavation  and  backfill  for  concrete  wall  alongside  of  pool  at  deepest 

point,  539  cu.  yds.  at  50  cts 269 

Concrete  in  wall,  furnished  and  placed,  332  cu.  yds.  at  $8 2, 656 

Steel  reinforcement  rdds  for  wall  and  pool  bottom,  68,249  lbs.  at  2.6  cts. 

per  lb.  in  place 1 .  774 

Wu-e  mesh  reinforcement,  15,670  sq.  yds.  at  8  cts 1,253 

Concrete  for  pool  bottom  in  place,  1,838  cu.  yds.  at  $5.86 10,770 

Concrete  walk  around  pool,  16,473  sq.  ft.  at  9.6  cts 1 ,485 

Overflow  drains  and  boxes,  6  boxes,  200  hn.  ft.  of  pipe 310 

Springboards  in  pl^e,  2  at  $10 20 

Concrete  structure  for  sUding  boards,  with  two  concrete  slides 1 ,425 

Miscellaneous  extra  work *•  ^0 

$27,564 
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Costs  of  Concrete  Work  oa  Three  Small  TAidDi  at  Lisceln  Park,  Chicago. — 

Bngineering  and  Contracting,  March  22,  1011,  gives  the  following. 

The  work  considered  is  the  construction  of  concrete  pits  or  tanks,  two  of 
which  are  used  for  the  animals  in  the  zoo  and  the  other  being  a  wading  pool 
for  children,  with  a  small  wall  enclosing  a  sand  court  adjacent  to  one  end  of  the 
I>ool. 

The  work  at  the  sea  lion  pit  consisted  in  the  construction  of  a  new  concrete 
floor  and  small  walls.  The  total  amount  of  concrete  in  the  work  was  40  cu. 
yds.    The  cost  follows: 

Per 
liobor  Total  ou.  yd. 

£n«iiieering $12.49  $0,812 

Foreman,  5  days  at  $3.25 16. 25  0. 406 

Teamfl,  6  days  at  $4.00 2i.Q0  0.600 

Common  labor,  61>^  days  at  $2 122 .  50  3 .  062 

Carpenters,  12  days  at  $4.80 57 .  60  1 .  440 

Total  labor $232.84       $  5.820 

Material: 

Lumber $  15.00  $0,375 

Cement,  67  bbls.  at  $1.35 76.95  1.924 

Sand,  22  yds.  at  $1.65 36.30  0.907 

Gravel,  46  yds.  at  $1.50 69.00  1.725 

Expanded  metal,  868  sq.  ft.  at  $0.02H 18.45  0.461 

■      ■■■■»      ■  m      ■■     I  - 

Total  material $215.70      $  5.392 

Grand  totals $448.54       $11,212 


The  concrete  work  done  in  the  coon  pit  amounted  to  80  cu.  yds.  and  the 
den  was  faced  with  granite.     The  cost  of  the  work  follows: 

Per. 

Labor  Total        ou.  yd. 

Endneering,  5  dasrs  at  $2.50    \  c  r?  oa      •  i  779 

Engineering.  11  days  at  $3.70  / *  ^^  20      $  1.773 

Foreman,  5  days  at  $8.25 16. 25          0. 542 

Teams,  3  dayf  at  $4.00 12.00          0.400 

Common  labor,  97^  days  at  $2 195.00           6.500 

Carpenters,  24  days  at  $4.80 116. 20          3 . 840 

Mason,  1  day  at  $4.50 4.50          0.150 

Bladcsmith,  M  day  at  $5.00 2.50          0.083 

Total  labor $398. 65       $13,288 

Material: 

Cement,  32  bbls.  at  $1.25                          \  cA^nncoiQQ 

Cement,  hydroHthic  4  bbU.  at  $6.00  / $04. 00      $2.ldd 

Gravel.  24  cu.  yds.  at  $1.50 36. 00 

Torpeao  sand,  12  cu.  yds.  at  $1.65 10 .  80 

Granite,  2  cu.  yds.  at  $6.00 12. 00 

Steel 15 .  20 

Acid,  brushes,  etc 5 .  25 

Tools 11.02 

Total  material $163. 27 

Grand  total. .  .^ $561 .92 


The  wading  pool  consisted  of  a  concrete  elliptical  basin  of  62  ft.  and  49  ft. 
diameters,  with  an  area  of  2,386  sq.  ft.  The  floor  was  built  6  ins.  thick  and 
contained  43.2  cu.  yds.    The  floor  was  sloped  to  a  depth  of  2  ft.  in  the  center. 
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Total  matonai 

Gniiid  total 

Total  cost  per  8*1.  ft.  of  urea 

Some  time  later  in  the  seanon  the  above  wadir 
building  of  a  small  irregular  shaped  wall  enclosin 
the  pool.  The  wall  was  built  rectangular  in  a 
57  ft.  in  length.     Its  cost  was  as  follows: 

Labor: 

Foreman,  1  day  at  $3.00 

Common  labor.  8  days  at  $2.00 

Finiflhor.  2H  days  at  $2.25 

Carpenters.  2hi  days  at  $4.80 

Total  labor 

Material: 

Lumber.  2.W  ft.  B.  M.  at  $25 

Cement.  6>4  bbla.  at  $1.35 

Band.  3  yds.  at  %lJ\o 

Gravel.  5  yds.  at  $1.60 

.  Tooln 

T0t.1l  material 

Grand  total 

Costs  of  Encasing  Steel  Stractures  in  Concr 
Two  methods  of  encasing  steel  stnictures  in  coi 
pouring  and  encasement  by  cement  gun.  are  disc* 
of  the  n»port  of  the  Committee  on  Steel  Stnicti 
Engineering  Association,  of  which  report,  Engi! 
15,  1914  gives  the  following  abstract: 

1.  If  the  floor  i^4  protecte<l  by  concrete  enc 
cost  will  l>c  approximately  25  cts.  i)er  s<iuare  fo< 

2.  Encasement  3  ins.  thick  placed  by  oemer 
23  rts.  iM'T  squan*  foot. 
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The  lower  parts  of  the  beams,  the  girdors  and  columns  are  now  being  fire- 
proofed  with  the  cement  gun,  using  a  minimum  thickness  of  2  ins. ;  the  average 
tbickness  is  from  2H  to  3  ins.,  as  in  the  angles  and  around  the  stiffeners  there 
is  generally  more  than  the  minimimi  thickness. 

The  fireproofing  is  reinforced  with  a  wire  mesh,  IH  X  IM  ins.  of  No.  12 
wires;  this  is  attached  to  yi-in..  rods,  which  are  bent  around  the  steel  and  fas- 
tened to  it. 

The  mixture  has  generally  been  1  to  3,  but  in  oool  weather,  and  where  the 
steel  is  subject  to  vibrations  from  the  trains  running  on  it,  a  1  to  2  mixture  is 
found  to  be  more  economical,  as  it  is  not  as  likely  to  drop  oft.  It  is  necessary 
with  this  machine  to  use  fine  sand,  as  sand  with  pebbles  in  it  clogs  the  hose ;  all 
of  the  sand,  therefore,  has  to  be  carefully  screened. 

We  find  that  a  cubic  foot  of  1  to  3  mixture,  when  weighed  in  a  box  of  1  cu. 
ft.  capacity  after  being  moderately  shaken  down,  weighs  3  lbs. ;  if  this  mixture 
is  wet  and  applied  with  a  trowel,  after  setting  it  will  weigh  127  lbs.  to  the 
cubic  foot,  when  shot  through  a  cement  gun  onto  a  steel  structure  and  set  up, 
it  weighs  144  lbs.  per  cubic  foot.  From  this  one  gets  an  idea  of  the  density 
of  the  fireproofing  made  with  this  apparatus 

In  applying  the  mixture  of  sand  and  cement  with  the  cement  gun  from  20  to 
25  per  cent  of  it  is  lost.  Some  bounces  off  as  it  strikes  the  structure,  some  is 
shot  by  the  steel  in  working  around  the  angles  and  to  get  a  smooth  surface 
the  mason  scrapes  off  the  irregularities,  and  to  get  a  good  surface  it  is  floated. 

The  labor  required  to  operate  one  machine  is  as  follows:  1  foreman,  1  opera- 
tor of  the  machine,  1  nozzleman,  2  masons  for  floating,  4  laborers  screening, 
mixing  and  charging  the  machines.  Carpenters  are  used  when  necessary  to 
erect  scaffolds. 

One  of  these  machines  uses  compressed  air  to  the  amount  of  100  ft.  of  free 
air  per  minute  at  a  pressure  from  35  to  40  lbs.  The  hose  through  which  the 
mixture  is  conveyed  wears  out  quite  rapidly  and  renewals  amount  to  about  $1 
per  day.  We  have  averaged  covering  about  600  sq.  ft.  per  day  of  the  thick- 
ness mentioned  above.  This  method  would  api>ear  to  give  an  excellent  pro- 
tection for  the  steel.  The  material  is  very  dense  and  the  method  of 
application  such  that  every  inch  of  the  structure  is  uniformly  protected.  The 
great  thickness  used  in  this  work  is  due  to  the  municipal  laws  requiring  at 
least  2  ins.  of  fire  protection. 

Kanaaa  City  Terminals. — On  the  new  structures,  which  the  Kansas  City 
Terminal  Railway  Co.  is  building,  the  encasement  is  applied  in  the  majority 
of  cases  by  use  of  the  cement  gun.  This  machine  consists  essentially  of  a 
hopper  into  which  the  cementitous  materials,  made  up  of  1  part  Portland 
cement  to  3  parts  dry  screened  sand,  are  placed;  a  hose  connected  to  the  bot- 
tom of  the  hopper,  through  which  the  mixture  is  forced  by  air  pressure;  a 
nozzle  at  the  end  of  the  hose,  to  which  another  hose  supplying  water  is 
attached  for  hydrating  the  materials.  At  the  end  of  the  hose  is  a  cylindrical 
nozzle  having  an  annular  ring  at  its  base,  to  which  the  hose  delivering  the 
water  is  attached.  This  water  is  delivered  inside  the  nozzle  in  the  form  of  a 
fine  spray,  through  which  the  materials  from  the  gim  pass.  The  nozzle  is 
made  of  brass,  and  to  prevent  wear  on  the  nozzle  proper  a  rubber  lining  is  used. 
This  lining  can  be  replaced  whenever  necessary. 

Before  adopting  the  cement  gun,  the  claims  of  the  company  selling  it  were 
investigated  and  test  panels  were  encased.  The  conclusion  reached  was  that 
if  the  cost  was  not  too  great,  it  would  solve  the  problem  of  encasement.  Com- 
parative estimates  made  are  shown  below: 
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A  comparison  of  the  above  shows  a  aavliig  of  2  cts.  per  square  toot  Id  favor 
of  tbe  Bun  worii  ovei  Ihe  poured  encBsement,  Bud  It  might  be  stated  that  since 
this  estimate  waa  made  wc  have  received  bids  on  actual  work  tba4  citeck  veiy 
Closely  with  the  above. 

Tlie  steel  work  to  be  encased  was  designed  with  open  holes  11-16  iua.  In 
diameter  in  webs,  atlff^^n  and  flangea,  so  that  in  pladng  and  attaching  the 
relDlorcement  there  would  be  ample  provision  for  rigid  sttachmeat  to  the 
structure.  In  attaching  relnforoemeDt 
to  girder  webs  and  other  iai^  surfaces, 
the  bars  were  placed  on  small  V-Bhaped 
Iron  saddles  and  wired  through  tbe 
webs  to  each  other.  On  flanges  the 
rods  were  run  through  steel  eTebolta 
attached  to  the  lower  flange,  the  mesh 
being  attached  to  the  bars  by  wiring. 
At  the  junction  of  tbe  concrete  en- 
casement with  the  Soor,  which  is  also 
of  concrete,  a  splice  was  provided  by 
use  of  mesh  placed  in  tbe  floor  pre- 
viously cast,  this  splice  being  four 
Inches  in  width.  Fig.  1  shows  tn>'cal 
method  of  attaching  reinforcement  to 

The  steel  girders  were  slilpped  from 
the  shops  with  a  shop  coat  ol  linseed 
oil.  which  was  removed  by  tbe  use  id  a 
caustic  soda  wash  before  encasement 
was  started.  All  rust  spots  were  re- 
moved with  a  wire  hrueb. 

Our  eiperience  has  shown  that  the 
1 : 3  mixture  placed  in  the  gun  gives  a 
resulting  mortar  of  approximately 
1 :  2H .  this  change  being  due  to  loss  of 
sand.  The  sand  must  be  iteariy  dry, 
the    dryer   the   better,   a   mixture  of 

coarse  and  One  grains  giving  better  Fio.  I. — Typioal  connete  eneua- 
results  with  considerably  less  ions,  than  5,*"*  "*  deek  plate  girder,  Kansss 
either  tbe  coar»  or  fine  alone.  ^'^  Terminal  Ry. 

The  sand  must  be  s««ened  as  parllcks  over  H  In.  In  diameter  clog  tbe  gun 
and  cause  serious  delays. 

The  corapreesor  should  be  a  machine  of  very  ample  capacity  and  an  inter- 
mediate air  storage  tank  is  on  advantage. 

It  was  found  that  It  was  very  difficult  to  encase  tbe  lower  flange  ol  a  girder, 
especially  so  the  lower  face,  and  in  our  work  we  cast  this  portion  In  quite  a 

It  waa  also  a  difficult  proposition  to  get  a  good,  clean  Job  around  stlfteners 
and  sidewalk  bracket  members.  On  tbe  brackets  V-shaped  forms  were  made 
and  used  as  a  backing  for  the  gun  work.  As  to  finish,  the  appeanmce  is  fiUrly 
good,  though  far  from  the  smooth,  even  lines  of  cast  work  and  a  great  deal 
depends  upon  the  finisher  as  to  tbe  final  E^pearonce, 

Cost  of  Cofferdams  at  St  Mary'*  Vails  Canal.— The  construction  of  the 
third  and  fourth  ship  locks  at  Sault  Bte,  Marie,  Mich.,  by  the  U.  8.  Govern- 
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handling  and  dumped  directly  into  the  trench,  was  but  40  per  cent  of  the  cost 
for  summer  delivery.  The  saving  thus  effected  more  than  made  up  for  the 
added  winter  cost  of  thawing  the  clay. 

The  southwest  dam  cost  only  66  cts.,  because  considerable  w(»k  was  done 
.by  bankrupt  contractors  without  cost  to  the  United  States.  If  the  United 
States  could  have  been  held  liable,  the  cost  would  have  been  96  cts.  per  square 
foot,  the  same  as  for  other  clay  walls. 

The  northwest  dam  cost  $1.38  because  of  the  water  troubles  and  burden  of 
stockramming  leaks,  and  because  of  the  high  cost  of  summer  delivered  clay 
and  its  subsequent  rehandling.  Could  this  section  have  been  built  in  the 
winter  time,  its  cost  might  have  been  much  less. 

The  short  junction  dam  at  $2.78  carries  a  large  burden  of  overhead  expense, 
and  it  is  unfair  to  draw  comparisons  of  cost.  It  is  possible  that  steel  piling 
could  have  been  used  at  a  saving  in  cost. 

The  southeast  dam  at  $1.62  is  high,  because  of  the  elaborate  sheathing 
employed;  no  especial  difficulties  being  encountered  in  its  construction. 

The  crib  dams  are  relatively  expen^ve,  because  of  the  amount  of  material 
used  in  their  o(^truction  and  the  difficulty  in  getting  the  cribs  in  good  contact 
with  the  rock  bottom.  The  north  dam  cost  $1.86  per  square  foot  against  $2.39 
for  the  east  dam,  the  difference  being  due  entirely  to  the  larger  quantity  of 
excavation  necessary  for  the  latter  section. 

The  cost  for  the  heaviest  (40  lbs.)  steel  piling  driven  through  26  ft.  of  hard 
driving  (boulders,  gravel  and  hardpan)  was  only  96  cts.  per  square  foot.  This 
makes  it  a  formidable  r|val  of  the  clay  puddle  wall.  Its  use  at  this  locality 
was  an  experiment  and,  had  its  possibilities  been  as  well  known  then  as  now, 
several  other  sections  of  dam  might  have  been  built  of  steel  sheet  piling  at  a 
considerable  saving  in  time  and  probably  in  cost. 

The  efficiency  of  the  different  sections  of  cofferdam  has  been  first  class. 
The  only  leaks  were  a  small  one  under  or  through  the  east  crib  dam.  and 
another,  amounting  to  enough  to  fill  a  3-in.  pipe,  under  the  steel  piling  of  the 
southeast  dam,  where  one  piece  of  piling  evidently  struck  a  boulder.  The 
only  money  paid  out  for  maintenance  by  the  contractors  was  in  connection 
with  the  latter  leak,  when  the  masonry  contractor  bore  the  expense  of  a  few 
days  stockramming,  amounting  to  about  $346. 

A  leak  of  considerable  size  developed  through  a  rock  seam  imder  the  south- 
west dam.  This  leak  probably  occasioned  75  per  cent  of  the  required  pump- 
ing and  both  the  contractor  for  excavation  and  the  contractor  for  masonry 
spent  considerable  money  in  unsuccessful  attempts  to  stop  it.  This  leak 
is  not  chargeable  to  inefficiency  of  cofferdam,  however. 

Cost  of  Pumping. — Under  the  contract  for  excavation  there  was  pumped 
(during  757  days,  between  Sept.  26,  1909,  and  Oct.  23,  1911),  1,242,628,000 
gals.,  at  the  following  cost  to  contractor: 

Labor $11,428 

Electric  power  (at  1   ct.  per  kw.  hour)  — 6,975 

Fuel 403 

Supplies 398 

Repairs , 147 

Overhead  charges: 

Installing  plant $    314 

Interest  and  depreciation $2,151 

2,465 

Total  cost $21 ,816 

or  $0.0176  per  1,000  gals.,  or  $28.90  per  calendar  day. 
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were  without  ties,  the  inside  wall  being  curved  to  reduce  distortions  in  the 
steel  piling  caused  by  the  filling.  Driving  requirements  and  limited  space 
for  plant  dictated  the  two  single  wall  panels  in  the  upper  and  lower  wings. 
These  panels  were  held  by  cables  to  wooden  pile  anchorages.  Arched  web 
piling,  on  account  of  its  greater  transverse  strength,  was  used  in  walls  held  by 
walings  and  on  the  outside  of  the  river  pockets;  straight  web  was  used  in  the 
Interior  curved  walls,  the  cross  walls,  and  on  the  outside  of  the  land  pockets. 
The  total  length  of  the  coffering  was  878  ft.  It  required  1,871.9  tons  of 
piling. 

The  cofferdam  was  designed  to  provide  a  protection  against  floods  equivi^ 
lent  to  that  which  experience  showed  to  be  satisfactory  with  the  cofferdam 
at  Lock  No.  1,  33  miles  farther  down  the  river.  The  elevation  of  the  top 
of  the  steel  was  accordingly  fixed  at  23.4  ft.  above  the  mean  low  water 
obtaining  at  the  site  before  the  lower  pool  level  was  established  by  the  construc- 
tion of  the  dam  at  Lock  No.  1.  This  elevation  corresponded  to  an  average 
height  above  the  bottom  of  the  river  of  28  ft.  The  lock  floor  was  laid  before 
pumping  out  so  that  the  coffered  enclosure,  after  piunping  out,  had  a  depth 
of  31  ft. 

To  make  the  cofferdam  of  the  height  indicated  and  at  the  same  time  secure 
the  necessary  i)enetration  in  the  sand  and  clay  bottom  of  the  river,  piles  40  ft. 
long  were  required  for  the  outside  wall.  The  piles  on  the  land  side  of  the 
inside  wall  were  of  the  same  length,  but  on  the  river  side  piles  43  ft.  long  were 
used,  making  the  inside  wall  6  ft.  lower  than  the  outside.  By  thus  sloping 
the  tops  of  the  pockets,  the  amount  of  filling  required  was  reduced  and  dredging 
operations  facilitated.  All  of  the  piles  in  the  inner  wall  were  spliced  just 
above  the  elevation  of  the  lock  floor,  the  lower  portions  remaining  as  a  part 
of  the  i)ermanent  construction. 

The  driving  of  the  steel  in  the  land  coflferwall  was  done  by  two  traveling 
pile  drivers  capable  of  movement  parallel  and  at  right  angles  to  the  center 
line  of  the  lock. 

The  flat  on  which  the  tracks  were  laid  was  excavated  out  of  the  bank  and  all 
of  the' piling  driven  between  the  two  outer  tracks.  To  form  the  curve  on  the 
inside  of  the  pockets  a  cylindrical  cage  moving  in  the  ordinary  driver  leads  and 
holding  one  of  the  hammers  at  any  desired  horizontal  angle  was  provided.  A 
similar  cage,  without  any  revolving  feature,  enabled  the  other  hammer  to 
overreach  piling  already  partially  driven  for  making  the  closure  of  the  pockets. 
Piles  were  delivered  to  the  drivers  from  the  stockpiles  by  hand  cars  numing 
on  a  track  immediately  in  front  of  the  machines.  Steam  for  the  hammers 
was  supplied  from  a  central  boiler  plant. 

The  two  hammers  used  were  Warrington  steam  hanmiers  with  striking 
weights  of  3,000  and  1,800  lbs.,  respectively.  Each  driver  was  equipped  with 
two  2-in.  jets,  supplied  by  a  pump  installed  on  a  scow  nearby.  Both  pumps 
had  a  rated  capacity  of  250  gals,  per  minute  at  75  lb.  pressure;  one  with  80 lbs. 
and  the  other  with  125  lbs.  steam  pressing.  The  jets  were  freely  used  in  both 
land  and  river  driving. 

The  penetration  of  the  piles  in  the  land  wall  varied  from  39  to  48  ft.  in  clay, 
clay  and  sand,  and  marl.  Considerable  difficulty  was  experienced  in  driving 
to  grade,  and  in  several  instances  of  absolute  refusal  the  tops  of  the  piles  had 
to  be  cut  off  by  the  oxy-acetylene  flame  to  permit  the  travelers  to  proceed. 
The  smaller  hammer  drove  an  average  of  9  piles  per  16-hour  day,  and  the 
other  an  average  of  25.6  piles  per  16-hour  day. 

When  the  land  driving  was  completed,  sufiScient  dredging  was  done  at  th 
106 
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upper  and  lower  ends  to  enisle  tbe  pile  drivers  mounted  on  scows  to  continue 
the  coffer  walls  out  into  tlie  river. 

The  floating  rig  being  more  flexible  than  that  used  on  the  land,  and  the 
penetration  less,  varying  from  18  to  21  ft.,  driving  was  faster.  The  smaller 
hammer  drove  an  average  of  17  piles  per  16-hour  day,  and  the  large  hammer 
20.5  per  16-hour  day. 

The  curved  panels  of  the  river  wall  were  driven  to  a  templet  floating  on  the 
convex  side  of  the  arcs  and  held  in  place  by  adjustable  bracing  to  wooden 
guide  piles  located  inside  the  cofferdam  enclosure  opposite  and  in  line  with 
the  cross  walls.  The  bracing  was  so  arranged  that  the  templet  could  rise  and 
fall  with  varying  stages  of  the  river.  Alignment  of  the  templet  was  secured 
by  means  of  p<^ts  established  by  triangulatlon  on  brackets  nailed  to  the 
wooden  piles. 

The  closure  of  all  pockets  was  made  by  a  large  hammer.  This  was  work 
which  required  a  great  deal  of  time  and  care.  It  was  found  to  be  very  difficult 
to  keep  the  piling  always  vertical,  as  a  leaning  tendency  often  developed  in 
the  direction  of  the  driving.  This  lean  gave  trouble  in  closing.  In  four 
instances  specially  fabricated  wedge-shape  piles  had  to  be  used.  All  of  the 
pockets  were  dosed  on  the  outside  wall.  Driving  proceeded  alternately  on 
the  rear  and  cross  walls  of  a  pocket  until  only  the  four  piles  nearest  a  comer 
remained.  These  last  four  piles  were  then  entered,  but  not  driven  to  grade 
until  all  were  in  place.  Driving  in  succession  each  pile  a  few  feet  at  a  time 
completed  the  closure. 

Diagcmal  ste^  channel  wirings  were  provided  for  all  the  cross  walls,  the 
holes  for  the  fastening  bolts  in  the  piling  being  burned  through  with  oxy- 
acetylene  flame.  The  function  of  these  walings  was  to  prevent  sliding  of  one 
interlock  on  another,  due  to  the  over-turning  force  onihe  backs  of  the  pockets. 
In  this  they  were  only  partly  successful,  as  will  be  noted  later. 

A  gap  was  left  at  the  lower  end  ot  the  cofferdam  for  the  plissage  of  the 
dredge  which  excavated  the  enclosure  and  the  pile  drivers  which  drove  the 
foundation  piles.  The  dredging  was  done  principally  by  the  Engineer 
Department  Dredge  Ajax,  with  a  5-yd.  dam-shell  bucket.  Approximately  hidf 
of  the  material  removed,  sand  and  clay,  was  used  to  fill  the  pockets  at  an 
average  cost  of  26H  cts.  per  yard.  The  plans  required  a  level  bottom  every- 
where. Considerable  material  immediately  next  to  the  steel  could  not  be 
handled  by  a  large  dam-shell  budcet,  and  had  first  to  be  loosened  by  jetting, 
and  then  taken  out  with  a  H-yd-  orange-ped  bucket.  Some  blasting  also  was 
required  in  a  small  shelf  of  marl  encountered  in  the  lower  wing.  These  oi)era- 
tions,  together  with  the  fact  that  the  over-depth  allowance  made  for  shoaling 
during  pile  driving  proved  insufficient,  necessitating  further  dredging  by 
siphon  in  those  areas  where  piles  had  been  driven,  and  by  the  Ajax  in  other 
places,  greatly  increased  the  cost  of  excavation.  The  total  average  unit  cost 
of  material  removed  was  46H  cts.  per  yard. 

As  dredging  proceeded  in  front  of  the  land  wall,  a  serious  movement  of  four 
of  the  pockets  at  the  upstream  end  was  noted,  showing  a  tendency  to  turn 
over  in  the  direction  oi  the  lockpit.  The  earth  back  of  these  pockets  had 
not  been  disturbed  in  any  way  and  was  not  surcharged.  No  similar  movement 
occurred  at  the  lower  end  of  the  wall,  although  here  about  2,500  wooden  piles 
were  stacked  immediately  back  o|  the  steel.  An  examination  of  the  walings 
on  the  cross  walla  of  the  leaning  pockets  showed  that  all  of  the  fastening  bolts 
had  sheared  off.  As  it  was  not  found  practicable  to  put  in  enough  bolts  to 
withstand  the  stress,  it  was  decided  to  relieve  partially  the  pressure  on  the 
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back  of  the  wall  by  excavation  and  drainage,  and  to  tie  the  cross  walls  affected 
to  tree  anchorages  by  means  of  heavy  wire  cables.  This  proved  to  be  a 
satisfactory  solution  of  the  difficulty.  The  maximum  movement  of  the  top 
of  the  steel  amounted  to  7  ft.  6  in.,  and  no  further  movement  was  detected 
when  the  cofferdam  was  pumped  out. 

After  all  the  foundation  piles  had  been  driven,  the  gap  left  at  the  lower  end 
of  the  cofferdam  was  closed  and  the  bottom  sealed  with  a  5-f t.  layer  of  concrete 
deposited  through  a  tremie.  This  concrete  was  allowed  a  month  to  set  before 
the  first  pump-out. 

The  pumping  plant,  located  at  the  upper  end  of  the  cofferdam,  consisted  of  a 
12-in.  Morris  direct  connected  centrifugal  designed  to  discharge  4,200  gals,  per 
minute  against  a  30-ft.  head,  and  a  10-in.  Buffalo  centrifugal,  of  the  sub- 
merged type,  designed  to  discharge  3,000  gals,  per  minute  against  a  32-ft.  head. 
The  12-in.  pump  was  mounted  on  pontoons  inside  the  cofferdam,  and  had  a 
discharge  pipe  made  up  of  short  sections  to  provide  for  increased  lift  as  the 
water  level  fell.  The  10-in.  pump  was  rigidly  attached  to  the  wall  of  the  cof- 
ferdam, and  belt-connected  to  the  driving  engine  on  top  of  one  of  the 
pockets. 

The  first  pump-out  was  purposely  extended  over  two  days  in  order  that  the 
coffer  walls  might  be  watched.  The  12-in.  pump  alone  was  used  until  the 
pontoons  grounded  on  the  lock  floor,  after  which  the  10-in.  pump  completed 
the  unwatering. 

A  movement  of  the  top  of  the  river  wall  toward  the  lock  pit  of  IH  ix^-  was  the 
only  movement  of  the  cofferdam  detected  during  pumping  operations.  After 
the  first  pump-out  the  maximum  head  on  the  cofferdam  was  26  ft.  Leakage 
at  ordinary  stages  of  the  river  amounted  to  about  200  gals,  per  minute. 

As  the  Cape  Fear  River  is  subject  to  rapid  rises,  which  at  times  completely 
submerged  the  cofferdam,  provision  was  made  for  fiooding  by  means  of  a 
24-in.  pipe  through  one  of  the  pockets  at  the  lower  end.  12  ft.  below  the  top. 
Control  was  secured  by  an  ordinary  gate  valve  operated  from  a  platform  out- 
side the  cofferdam. 

Costa  for  Driving  Summariztd. — The  unit  costs  of  the  different  operations 
in  constructing  the  cofferdam  are  summarized  in  the  accompanying  table. 
They  include  payroll,  supplies  and  a  charge  for  repairs  to  the  plant  employed. 

Cost  of  Driving  Stiibl  Shbbting 

Per         Per        Per 
pile         ton      lin.  ft. 

Driving  land  pilmg $5. 18    $5.77     

Driving  river  piling ' 2.28      2.53     

Driving  piling,  average 3 .  36       3 .  75     

Splicing  piles 47     

Handling  piles 30     

Placing  wales SO. 79 

Driving  wood  anchor  piles. 4 .  57     

In  addition,  it  cost  $29.45  each  to  instil  the  tie  cables.  As  17.7  per  cent 
of  the  total  tonnage  of  steel  in  the  cofferdam  became  a  part  of  the  permanent 
structure,  the  cost  of  driving  chargeable  to  the  cofferdam  given  above  should 
be  reduced  by  this  amount. 

Annual  Cost  of  Creosoted  Wood  Stmctures.^ — (Engineering  Record,  Feb. 
7,  1914). 
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The  mmuud  cost  of  stmctures  hsrins  a  fifie  of  from 
fire  to  thirty  yean  and  a  fint  cost  of  from  10  to  60 
units  (dollan  or  cents)  is  giren  in  Table  in,  from  the 
report  of  tbe  committee  on  preeervatioo  of  timber 
I»resented  at  the  1914  conT«ition  of  the  AwnTirMi 
Railway  Bridge  and  Building  Assocxatioii.  Utilizix^ 
this  table,  which  is  applicable  to  structures  of  Tarioas 
types,  the  conmiittee  analyzes  the  saving  in  tbe  use  of 
treated  piles  for  trestles  on  the  Sootbem  PaciSc 

The  Southern  Pacific,  according  to  tbe  report.  h» 
about  105,000  creosoted  Dougias-fir  piles  in  trestles. 
They  were  treated  by  ttie  boiling  process,  and  range 
in  age  from  one  to  twenty-three  years,  witb  probaUy 
more  than  two-thirds  of  them  over  twelve  years  oW. 
Of  this  nimiber  not  more  than  500  have  ever  been 
replaced  on  account  of  decay,  and  many  ot  those 
twenty  years  old  are  as  good  as  when  driven.  Tbe 
committee  does  not  doubt  that  they  will  be  good  for 
at  least  thirty  years,  and  estimates  the  life  of  the  same 
timber  untreated  as  eight  years. 

Assuming  these  piles  to  average  40  ft.  in  length,  each 
pile,  at  10  cts.  per  foot,  would  cost  $4.  The  driving 
would  cost  $6,  making  the  total  of  $10  per  pile.  If 
such  a  pile  would  last  eight  years,  its  cost,  as  shown 
in  the  table,  would  be  $1.55  per  year.  Similarly,  a 
40-ft.  creosoted  pile,  at  30  cts.  per  foot,  costs  $12, 
which,  added  to  the  $6  for  driving,  makes  a  total  of 
$18.  If  the  pile  will  last  thirty  years,  the  annual  cost 
will  be  $1.17.  The  difference  is  38  cts.  per  pile,  or 
nearly  $40,000  per  year  for  the  entire  105,000  piles. 

Costs  of  Treating  Seasoned  and  Unseasoned  Ties. — 
F.  J.  Angier  gives  the  following  data  in  Engineering 
Record,  Jan.  20,  1912. 

An  unseasoned  tie  Is  generally  taken  to  mean  one 
freshly  cut,  or  one  where  the  sapwood  is  so  completely 
filled  with  moisture  that  it  would  be  impossible  to  treat 
the  tie  thoroughly  imtil  this  moisture  had  been  at 
least  partially  removed.  A  seasoned  tie  is  one  that 
has  been  cut  for  some  time  and  the  moisture  allowed 
to  evaporate  to  a  greater  or  less  degree.  The  time 
necessary  to  season  a  tie  so  that  it  can  be  properly 
treated  varies  in  different  localities,  as  well  as  in  differ- 
ent seasons  and  with  different  kinds  of  wood.  At  a 
fair  average  it  requires  six  hours  to  treat  a  charge  at 
thoroughly  seasoned  ties  and  nine  hours  to  treat  a 
charge  of  unseasoned  ties.  The  treatment  referred  to 
is  with  a  mixture  or  creosote  and  zinc-chloride,  known 
as  the  card  |»'ooess.  At  this  rate  the  cost  of  treating 
in  a  plant  having  a  maximiun  capacity  of  1.800,000 
seasoned  ties  a  year  is  as  given  in  Table  lY.  and  the 
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cost  of  treating  in  the  same  plant,  where  the  maximum  capacity  is  reduced 
to  1,200,000  unseasoned  ties  a  year,  is  as  given  in  Table  V. 

Table  IV. — Cost  of  Tkbating  Seasoned  Tibs 
(Capacity  of  plant  1,800,000  per  year) 

Unloadiiu;,  cars  to  ground,  to  season,  $0,007  each $  12, 600. 00 

Loading  from  ground  to  trams,  $0.0055  each 9,900.00 

Switching  trams  $0,002  per  tie 3,600.00 

Loading  treated  ties  out«  $0.0065  each 11 ,700. 00 

Fixed  expenses 23,268. 00 

Preservatives  at  15,  .cts.  per  tie 270,000. 00 

Fuel  (assumed  one-third  less  for  seasoned  over  unseasoned) 5,600.00 

Insurance  on  1,000,000  ties  (estimated) 4 ,000. 00 

Interest  on  1,000.000  ties  6  months  5  per  cent  on  $250,000.00. . .  12,500.00 

$353,168.00 
600,000  more  seasoned  ties  treated  than  unseasoned,  worth  $0,044 

each  (See  statement  Table  3) 26,400. 00 

$326,768.00 
$0.1815  per  tie 

Table  V. — Cost  of  Tkeating  Unseasoned  Tibs 

(Capacity  of  plant  1,200,000  per  year) 

Unloading  one-fourth  cars  to  ground  to  enable  prompt  release  of 

cars,  $0.007 $     2,100.00 

Loading  900,000  ties,  cars  to  trams  at  platform,  and  300,(X)0  ties, 

sround  to  trams,  10.0055 6, 600. 00 

Smtching  300,000  ties,  yard  to  retorts,  $0,002.  .* 600 .  00 

Loading  treated  ties    ut   $0.0065  each 7,800. 00 

Fixed  expenses 23,268.00 

Preservatives  at  15c.  per  tie 180,000. 00 

Fuel 8,400.00 

Insurance  on  300,000  ties  (estimated) 1 , 200. 00 

Interest  on  300,000  ties,  or  5  per  cent  on  $75,000.00 8 , 750. 00 

$233,718.00 
$0.1948  per  tie 

• 

Tabije  VI. — Saving  in  a  Tbbated  Tib  as  Compabed  to  an  Untbeated  Tib 

Untreated  tie: 

First  cost $0. 50 

Cost  of  putting  in  track 15 

Cost  of  tie  in  track $0. 65 

5  per  cent  interest  on  investment  for  six  years 195 

Second  renewal,  end  of  six  years 65 

5  per  cent  on  first  investment  for  six  years,  and  on  second  invest- 
ment for  six  years 39 

Total  cost  of  tie  for  12  years $1 .  885 

Average  cost  per  tie  per  year $0<  157 

Treated  ties: 

First  cost $0 .  70 

Cost  of  putting  in  track 15 

Cost  of  tie  in  track $0 .  85 

5  per  cent  on  investment  for  12  years 61 

Total  cost  of  tie  for  12  years $1 .  36 

Average  cost  per  tie  pjer  year $0. 113 

Saving  per  tie  per  year  $0,044 
Untreated  ties  are  assumed  to  last  six  years  and  treated  ties  twelve  years. 

In  each  case  the  total  cost  of  handling  is  shown  from  the  time  the  ties  are 
received  until  they  are  loaded  for  shipment.    The  fixed  expenses  include  the 
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salaries  of  the  superintendent,  general  foreman,  office  force,  engineers  and 
firemen,  or  all  labor  which  would  not  change,  whether  treating  seasoned  or 
unseasoned  ties.  In  the  case  of  seasoned  ties,  where  no  steaming  is  done,  it 
is  assumed  that  insurance  is  carried  on  1,000,000  ties  for  six  months  and  that 
$250,000.00  will  be  continually  invested  at  5  per  cent.  In  the  case  of  unsea- 
soned ties  at  least  300,000  will  always  be  in  the  yard. 

The  figure  $0,044  as  the  annual  saving  in  a  treated  tie  is  derived  in  Table  VI. 

In  addition  to  the  direct  saving  at  the  plant  there  is  a  better  penetration  of 
the  preservatives,  and  a  longer  life  and  lessened  possibility  of  injury  by  steam- 
ing. When  steaming  there  is  alwajrs  a  large  amount  of  sewage  to  dispose  of, 
while  in  non-steaming  there  is  practically  none.  The  disposition  of  sewage 
is  a  difficult  problem  at  most  plants,  often  leading  to  damage  suits. 

The  Operating  Cost  of  Open-Tank  Creosoting  Plant. — In  Engineering 
News-Record,  July  26,  1917,  C.  G.  Benfaam  gives  the  following. 

Open-tank  treatment  of  timber  is  desirable  for  interurban  and  the  smaller 
steam  railroads  that  have  a  number  of  timber  bridges  and  other  timber  struc- 
tures to  maintain.  Such  a  plant,  as  here  described,  is  convenient  for  treating 
fence  posts,  paving  blocks  and  the  like  on  very  short  notice. 

The  Virginia  Railway  and  Power  Co.  has  operated  an  open-tank  treating 
plant  at  Norfolk,  Ya.,  since  May  1,  1914.  using  dead  oil  of  coal  tar  from  its 
own  gas-works  as  a  preservative.  Water-gas  tar  was  tried  as  an  experiment 
for  a  few  months  and  finally  abandoned  because  of  the  small  saving  and  its 
doubtful  value.  • 

Yellow  pine,  mostly  of  merchantable  grade,  has  been  the  only  species  of 
timber  treated  in  the  open  tank,  and  has  varied  in  size  from  2  X  4-in.  to 
14  X  14-in.  timber  of  all  lengths.  A  number  of  pine  poles  have  also  been 
satisfactorily  treated.  The  penetration  obtained  has  been  from  12  to  20  lbs. 
per  cu.  ft.  of  timber.  Well-<seasoned  timber  is  desirable  for  open-tank  treat- 
ment; in  the  case  of  green  timber  it  is  necessary  to  keep  it  in  the  tanks  until 
it  becomes  well  seasoned  from  the  heated  oil. 

The  method  of  treatment  is,  first,  to  place  the  timber  in  the  tank  and  weight 
it  to  prevent  floating,  and  then  cover  it  with  oil.  The  steam  is  turned  on  for 
about  eight  hours,  at  approximately  100  lb.  pressure,  the  oil  being  kept  at 
about  200°F.  The  steam  is  then  cut  off  and  the  oil  and  timber  are  allowed 
to  cool  over  night.  The  next  day  the  timber  is  removed  from  the  tank  and 
placed  on  the  storage  piles  by  the  derrick  boom. 

The  following  figures  give  the  actual  cost  of  treating  at  this  plant  for  one 
month.  One  foreman  (who  also  operates  the  electric  derrick)  at  $3,  one 
fireman  at  $1.50  and  four  laborers  at  $1.50  per  day  are  required,  working  under 
the  bridge  supervisor.  A  total  of  39,098  ft.  B.  M.  was  treated.  The  costs 
were  as  follows: 


Cost  per 
Item  Total       M.  Ft.  B.  M. 

bead  oil  of  coal  tar  7,375  gals,  at  6M  cts •. .  $479 .38  $12 .  23 

Coal,  6,800  lbs.  at  $3  per  ton 9. 10  .23 

Labor,  including  foreman 83. 50  2. 14 

Maintenance  of  plant 20.00  .  51 

Interest  on  $3,000  investment 15. 00  .38 

Total  expense  for  one  month $605.98  $15.49* 

Average  penetration,  19.6  lbs.  per  cu.  ft.  of  timber. 

*  No  allowance  for  depreciation  has  been  included  in  the  charges. 
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Fig.  4  shows  the  layout  of  the  treating  plant.  The  smaller  tank  is  used  for 
treating  only  in  emergencies.  The  dead  oil  of  coal  tar  is  brought  from  the 
gas-works  in  a  2200-gal.  tank-car  that  is  fitted  with  a  section  of  pipe  to  allow 
fUUng  the  treating  tanks  directly. 

Cost  of  Creosoting  Car  Sills  and  Roofing  (Eogineering  and  Contracting, 
June  25, 1919.) — The  average  cost  of  the  creosote  treatment  for  car  sills  at  the 
plant  of  the  Marsh  Refrigerator  Service  Co.,  Milwaukee,  Wis.,  is  estimated  to 
be  $4.60  per  5  hi.  X  8  hi.  X  35  ft.  sill.    Of  the  total  $4  is  for  creosote  oil,  10 
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Fig.  4. — General  layout  of  open-tank  treating  plant. 


lb.  per  cu.  ft.,  for  0.7  cu.  ft.,  or  10.8  gals., and  50  cts.  is  for  labor  and  overhead. 
The  average  cost  per  M.  ft.  B.  M.  is  $38.54.  In  treating  the  subflooring  and 
roofing  two  men  handle  approximately  400  pieces  per  hour,  making  the  labor 
cost  per  piece  $.0005.  Overhead  is  estimated  at  $.0005  and  the  cost  of  creo- 
sote oil  at  8  lbs.  per  sq.  ft.  of  surface  makes  a  total  cost  per  piece  of  about  $.018 
or  $10.65  per  M.  ft.,  B.  M. 

Cost  of  Treating  Sheet  PU«8  with  Avenariiit  Carbolineum. — ^W.  D.  Jones 
gives  the  following,  in  Engineering  and  Contracting,  July  26,  1916. 

In  the  construction  of  a  timber  wharf  50  ft.  wide  and  1,600  ft.  long  resting  on 
creosoted  piles,  at  Los  Angeles  Harbor,  a  bulkhead  was  specified  as  follows: 

Lumber. — ^All  lumber  for  sheet  piles  must  be  4  X  12-in.  No.  I  merchantable 
Oregon  pine  (Douglas  fijr),  sound,  free  from  large,  loose  or  rotten  knots, 
knot  holes,  spUts,  shakes,  wain,  rot,  pitch  seams  open  on  both  sides  of  the 
piece,  worm  holes  or  other  defects  which  materially  impair  the  strength  of  the 
piece.    Each  piece  shall  have  a  groove  1  in.  wide  and  1  in.  deep  cut  in  each 
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edge.     In  one  of  the  grooves  a  spline  1  X  1^  in.  shall  be  spiked  tofonii 
tongue. 

Treatment. — Ail  stieeting  shall  be  dipped  such  that  the  upper  15  ft.  kt 
immersed  for  at  least  t^'enty  minutes  in  Avenarius  Carbolineum.  i^-hid)^ 
be  kept  at  a  temperature  of  212  to  220<*F.  during  the  dipping.  Tbe  bal- 
ing to  be  accomplished  by  steam  coils.  (This  was  not  done.)  Maaitfr- 
turers  estimate  that  the  amount  of  Carbolineum  necessary  for  this  trealBrt 
will  be  IH  lbs.  per  cubic  foot  of  lumber  treated.  The  Carbolineum  mart  It 
brought  to  the  dipping  station  in  the  original  containers  and  must  giw  tfei 
following  analysis  and  qualities: 

Specific  gravity  at  17'C 1. 138 

ViBcoeity  (water-l ) 10.0 

Flashing  point  *»C 145.0 

Burning  point  ^C 210. 0 

Distillate  below  235*'C..  per  cent 0.44 

Distillate  between  235  *"€.  and  300  "C,  per  oent 7.50 

Residue  above  300^C.  (clear  red  brown),  per  cent 02.01 

Mineral  matter  (aah).  per  oent 0. 10 

Naphthalene  (21(>-230°C.) Trmce 

Phenols  (caibolic  acid  according  to  Seubert) No  separatioB 


To  accomplish  the  treatment  the  contractor  erected  a  plant  eonsistiii;  of 
an  old  boiler  shell  with  upper  ehd  open  and  set  in  a  brick  oven  in  such  a  man- 
ner as  to  permit  fire  reaching  the  bottom  and  considerably  up  tbe  sides.  An 
arrangement  was  made  on  the  side  of  the  boiler  for  taking  temperatures,  wfaicb 
were  kept  reasonably  well  within  the  prescribed  limits.  An  A  frame  arraogv- 
ment  was  erected  over  the  tank  and  a  single-drum  hoisting  engine  used  to 
hoist  the  lumber  to  be  treated.  A  sufficient  depth  of  oil  was  maintained  to 
give  the  desired  length  of  treatment  to  each  piece,  the  pieces  being  lowered 
into  the  treating  basin  end  first. 

The  following  cost  includes  picking  the  lumber  up  from  storage  piles  imr 
the  treating  plant,  treating  it,  and  piling  it  nearby  after  treatment. 

Treated  portion  of  pieces  ft.  B.  M 144, 222 

Treated  portion  of  pieces   sq.  ft.  siirface  area 107 ,984 

Cost  of  treatment — Labor.  $1,227.57;  equipment  service.  $66.65;  matcral 
$1,136.20. 

Cost  of  treatment  per  100  sq.  ft.  $1.14;  equipment  service.  $0.06;  material, 
$1.05. 

Cost  of  treatment  per  1,000  ft.  B.  M. — Labor,  $8.51;  equipment  senrice, 
$0.46;  material.  $7.88. 


A  total  of  1,196  gals,  of  carbolineum  was  used.  This  amounts  to  approxi- 
mately 1 1 ,300  lbs.,  being  slightly  lees  than  1  lb.  per  cubic  foot  of  lumber  txeatrd. 
The  cost  of  this  amount  of  material  was,  as  given  above,  $1,136.20.  Some 
difficulty  was  experienced  in  keeping  the  shorter  lenirths  of  lumber  immersed, 
due  to  its  floating  up  in  the  liquid. 

Cost  and  Serviceability  of  Wood  Fence  Posts  on  Railways. — Some  discus- 
sion of  the  life  and  cost  of  wood  fence  posts  based  on  the  experience  of  mwk 
44  American  railways,  are  brought  out  by  report  of  a  special  committee  of 
the  American  Railway  Engineering  Association.  Engineering  and  Contract- 
ing, March  10,  1913,  6\]inmax\iRa^»x\c(l^iiAaT«^«cVaafolkMra: 
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Wood  Poeta. — From  the  data  collected  the  life  of  wood  posts  of  various 
kinds  actually  in  use  is  as  follows: 

Life  of  Posts  ' 

Average 
Years  years 

Red  cedar 7  to  25  18 

Cedar 10  to  30  — 

White  cedar 12  to  17  15 

Chestnut 10  to  15  12 

Locust 7  to  20  — 

Yellow  locust 15  to  30  20 

Black  locust 10  to  25  20 

White  oak 7  to  15  10 

Bois  D' Arc 12  to  45  25 

Catalpa 10  to  25  15 

Jumper 15  15 

Mulberry 15  to  20  15 

Doubtless  some  give  little  heed  to  the  particular  species  of  the  timber  l^at 
they  use,  and  assiune  that  any  species  of  that  genus  has  about  the  same  life. 
This  is  manifestly  incorrect  as  is  demonstrated  by  the  oak  family.  The  infer- 
ior grades  of  oak  have  a  life  only  of  from  2  to  4  years,  while  a  good  white 
oak  has  a  life  in  our  northern  climates  of  from  10  to  12  years  at  least.  Certain 
classes  of  oak  last  much  longer  in  their  native  regions  than  in  other  locaUties 
to  which  they  are  transported  for  use.  This  principle  applies  with  equal  force 
to  every  other  class  of  timber. 

Climatic  influences  have  an  important  effect  and  may  lengthen  or  shorten 
the  life  of  a  particular  kind  of  wood,  dependent  upon  locality  in  which  used' 
It  is  not  feasible  in  most  cases  to  recommend  any  particular  kind  of  timber 
for  a  given  territory,  as  the  source  of  supply  may  be  so  distant  as  to  preclude 
its  use  economically.  It  is  the  prevailing  practice  to  use  such  timber  as  is 
native  to  the  country  and  thus  most  easily  obtainable.  According  to  informa* 
tion  received,  the  cost  of  the  various  kinds  of  wood  posts  is: 

Range  Average 

Red  cedar 15  cts.  to  25  cts.  22  cts. 

White  cedar 7  cts.  to  20  cts.  14  cts. 

Chestnut 10  cts.  to  27  cts.  27  cts. 

Locust 15  cts.  to  40  cts.  25  cts. 

Yellow  locust 20  cts.  to  38  cts.  30  cts. 

Black  locust 15  cts.  to  25  cts.  20  cts. 

White  oak.* 11  cts.  to  40  cts.  20  cte. 

Bois  D'Arc 13  cts.  to  17  cts.  15  cts. 

Catalpa 15  cts.  to  25  cts.  20  cts. 

Juniper 6.  cts  to  10  cts.  8  cts. 

Mulberry 13  cts,  to  17  cts.  15  cts. 

It  will  be  observed  that  the  relative  cost  to  life  of  post  ranges  from  H  ct.  to 
2  cts.  per  year  of  life,  the  Bois  D'Arc  and  the  Junii)er  being  the  cheapest 
posts,  but  so  rare  that  a  more  general  use  is  impossible. 

It  was  of  interest  to  know  to  what  extent  wooden  posts  were  subject  to 
destruction  by  fire.  Replies  received  indicated  that  this  varied  by  from  1  per 
cent  to  5  per  cent,,  with  the  exception  of  one  road  which  reported  a  loss  of  30 
per  cent  from  this  cause.  We  think  it  fair  to  assume  that  the  average  loss  by 
fire  is  around  3  per  cent. 

Costs  of  Three  Types  of  Board  Fences. — ^Engineering  and  Contracting, 
May  19,  1015,  gives  the  following: 
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Figs.  5  and  16,  show  types  of  board  fences  built  under  the  supervision  of 
John  H.  Gardinier  of  Lake  Charles,  La.  Fairly  close  cost  records  were  kept 
excepting  for  gates,  the  labor  cost  for  which  was  included  in  the  placing  of 
boards.  In  the  corral  fence  there  were  two  8-ft.  gates  and  in  the  town  fence 
two  12-ft.  and  two  8-ft.  and  one  4-ft.  gates. 

The  holes  for  the  posts  were  dug  with  a  6-in.  post  hole  digger,  the  ground  was 
moist  and  would  have  been  fairly  easy  digging  if  it  had  not  been  for  the  num- 
erous small  roots  encountered  for  the  first  foot  under  the  surface,  as  tbese 
fences  were  built  in  the  pine  woods.  The  posts  for  the  corral  fence  were  set 
by  contract  at  15  cts.  apiece,  costing  the  same  as  for  the  town  fence  by  day 
labor.  But  the  three  men  by  contract  made  $3  a  day.  The  only  difference 
in  price  of  having  the  posts  set  by  contract  and  day  labor  was  that  the  posts 
set  by  the  day  men  were  a  Uttle  more  carefully  set. 
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Fia.  5. — Corral  fence. 


Fig.  6. — ^Town  fence. 


Itemized  Cost  of  Cobbal  Fence 


360  poets,  4-m.  X  6-in.  X  8-ft.,  5,760  ft.  B.  M. 
Lumber,  1-in.  X  6-in.  X  14-ft.  plank,  6,300  ft. 

160  lbs.  nails  at  $2.20 

Labor  setting  posts 

Labor  placing  ooards 

Two  per  cent  use  of  tools  on  labor 

Distributing  material 

Total  cost , 


at  $14.75 

B.  M.  at  $15.50. . . 


84 

97 

3 

54 

50 

2 

8 


96 
65 
52 
00 
54 
09 
50 


Cost  per  lineal  foot  labor 

Cost  per  lineal  foot,  material 

Total  cost  per  lineal  foot 

Poets  set  by  contract  at  15  cts.  each. 

Boards  placed  by  day  labor:  One  man.  at  $2.50;  2  men  at  $2.00 

Itemized  Cost  of  Town  Fence 

670  posts,  4-in.  X  6-in.  X  8-ft..  9  120  ft.  B.  M.  at  $14.75 

Lumber,  1-in,  X  6-in.  X  14-ft.,  11,466  ft.  B.  M.  at  $15.50 

248  lbs.  nails  at  $2.20 

Labor  setting  posts 

Labor  placing  boards 

Distributing  material 

Usfe  of  tools ' 


$301.26 


0 
0 


.04148 
.07806 
.11954 


each. 


$134 

177. 

5 

85. 

119. 

31. 

4. 


52 
72 
46 
50 
81 
50 
11 


Total  cost «. 

Posts  set  by  day  labor:  One  man,  at  $2.50;  2  men  at  $1.75  each. 

Boards  placed  by  day  labor:  One  man,  at  $2.50;  2  men.  at  $2.00 

Cost  per  hn.  ft.  for  labor : . . . 

Cost  per  lin.  ft.  for  material 

Total  cost  per  lin.  ft 

Cost  setting  posts  15  cts.  each. 


$558.62 


each. 
$    0. 


05371 
09244 


$    0.14616 
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Itbmmbd  Cost  of  Pabk  Fbkos 

173    poets,     4-in.  X  4-m.  X  5-ft.,   1,153    ft.     B.     M.     at    $15.25  $  17.58 

Lumber,     l-in.  X  4-iii.,     809     ft.     B.     M.     at     $16.00 12. 13 

Nails  30  lbs .66 

Labor  setting  posts  and  placing  boards 40. 00 

Distributing  material 2. 50 

Use  of  tools  on  labor .80 

Total  cost f  73. 67 

Labor:  One  man,  at  $2.50;  2  men,  at  $1.75  each. 

Labor  cost  per  lin.  ft $    0.03252 

Material  cost  per  lin.  ft .  02737 

Total  cost $    0.05989 


|a»*w>*>*>**7''V* 


FiQ.  7. — Park  fence. 


Small  Pile  Driver  for  Putting  Down  Fence  Posts  (Engineering  and  Contract- 
ing Sept.  4,  1918). — Posts  for  the  17-mile  board  fence  at  the  American  Lake 
(Washington)  cantonment  were  put  down  at  the  rate  of  about  180  per  8-hour 
day  by  means  of  a  small  pile  driver  mounted  on  a  2-horse  truck.  The  posts 
were  pointed,  were  5  ins.  to  10  in.  ins  diameter,  and  9  ft.  long,  of  which  3  ft. 
was  below  ground.  They  were  spaced  8  ft.  apart.  The  pile  driver  had  a 
4-h.p.  Fairbanks  gasoline  engine  oi>erating  a  small  dnun  by  means  of  a 
friction  clutch.  The  crew  consisted  of  an  engineman,  a  teamster  and  two 
men  handling  posts.  The  actual  driving  time  per  post  was  60  to  90  seconds. 
The  hanmier  weighed  600  lb.  and  had  a  6-ft.  drop  when  beginning  driving. 

Cost  of  wooden  and  concrete  guard  rails  are  given  in  the  report  of  Hubert 
K.  Bishop  embodied  in  the  1910  report  of  the  New  York  State  Highway 
Commission  and  abstracted  in  Engineering  and  Contracting,  Nov.  15,  1911, 
as  follows: 

The  i>roper  maintenance  and  repair  of  guard-rail  is  a  rather  serious  proposi- 
tion. A  large  amoimt  of  money  was  depended  during  1910  in  rebuilding  and 
repainting  guard-rail.  In  order  to  serve  its  purpose  and  protect  the  traveling 
public  from  danger,  the  guard-rail  should  be  in  sound  condition.  It  is  also 
necessary  for  the  looks  of  the  road  that  it  should  present  a  neat  and  uniform 
appearance. 

The  weakest  part  of  the  guard-rail  as  built  imder  the  present  .standard  is 
the  posts  which  rot  off  below  the  ground  line,  causing  the  guard-rail  to  become 
insecure  and  to  lose  its  alignment,  thus  presenting  a  very  bad  appearance. 

Assuming  that  a  wooden  guard-rail  will  last  eight  years,  the  depreciation 
charge  is  approximately  3  cts.  per  foot  per  year.  Adding  to  this  the  necessary 
cost  of  painting  and  straightening  of  3  cts.  per  year,  we  would  have  93k  annual 
cost  of  6  cts.  per  foot  per  year  for  wooden  guard-rail.  On  Jan.  1,  1910,  there 
was  1,383,220  ft.  of  guard-rail  ih  the  State.  The  annual  cost  of  maintenance 
of  this  guard-rail  at  the  above  figure  would  be  $82,993  per  year.    It  must  be 


1692  HANDBOOK  OF  CONSTRUCTION  COST 

borne  in  mind  that  this  item  is  constantly  increasing  with  every  ne-w  road 
which  is  being  built. 

Assmning  that  the  above  figure  of  6  cts.  per  foot  per  year  is  correct  for  the 
annual  cost  of  such  guard-rail,  $1.25  per  foot  could  be  expended  in  eliminating 
this  guard-rail  and  the  cost  to  the  State  eventually  would  be  less.  If  some 
form  of  concrete  or  pipe  rail  or  even  the  guard-rail  with  concrete  posts  could 
be  substituted  for  the  present  standard  form  of  guard-rail,  the  annual  cost 
of  this  item  could  be  materially  lessened. 

During  1910  experimental  work  was  carried  on  under  the  direction  of  Frank 
W.  Bristow,  Superintendent  of  Repairs  in  Division  6,  and  John  Y.  McClintock. 
county  engineer,  Monroe  County,  with  a  view  to  devising  some  form  of  guard- 
rail to  take  the  place  of  the  standard  wooden  type.  With  this  end  in  view 
1,233  lin.  ft.  of  steel-concrete  guard-rail,  with  necessary  steel-concrete  posts, 
were  constructed.    The  cost  of  manufacture  was  as  follows: 

Per 
lin.  ft. 

Lumber $32.46  SO. 026 

Steel 139.64  0.114 

Cement 67. 62  0. 046 

Gravel 10. 00  0. 008 

Metal  cores 77. 00  0. 063 

Labor 231 .83  0. 188 

Miscellaneous 5. 35  0. 004 

$553.90  SO. 449 

The  engineer  in  charge  of  this  work  estimated  the  following  as  the  fair  cost 

when  making  not  less  than  128  lin.  ft.  of  rail  and  16  posts  per  day,  with  metal 

cores  and  wooden  forms  already  paid  for: 

Per  lin.  ft. 

including 

rail  and  one 

poet    for 

each  8  ft. 

Foreman $0. 03 

Steel. .08 

Cement , .05 

Gravel .01 

Labor .09 

Tools,  etc .01 

Total $0.27 

For  this  guard-rail  the  bars  were  made  8  ft.  long,  except  end  bars,  which 
were  SH  ft.  long.  They  were  9  ins.  wide  by  7  ins.  high,  and  were  cored  out 
from  below  to  leave  concrete  2  ins.  thick,  and  3  cross  diaphragms  connecting 
the  sides  and  top,  placed  one  at  center  and  one  4  inJB.  back  from  each  end. 
The  steel  reinforcement  consisted  of  4  bars  ^-in.  square  placed  horizontal  at 
each  corner,  and  a  loop  of  same  size  at  and  in  each  diaphragm.  It  was 
expected  to  sustain  without  breaking  6  tons  pressure  concentrated  at  center, 
acting  either  vertically  or  horizontally.  The  bars  rested  on  top  of  the  posts 
without  any  fastening,  while  the  sides  and  diaphragms  formed  sockets  inclos- 
ing th3  head  of  the  posts,  which  prevented  their  being  shoved  ofiF  either  side- 
ways or  endways,  and  the  weight  of  the  bar,  about  300  lbs.,  held  it  firmly  on 
the  posts. 

The  posts  were  6M  *t.  long  by  6  ins.  by  7  ins.  square,  with  four  ^^-in.  square 
bars,  one  in  each  comer.  The  posts  were  set  3H  't.  in  the  ground,  making 
the  finished  guard-rail  3  ft.  2  ins.  high. 
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Some  data  on  the  cost  of  setting  this  guard-rail  were: 

Six  men  working  4  hours  dug  and  set  1 1  posts,  without  post  augur,  and  fitted 
and  put  up  12  rails,  which  figures  6  cts.  per  lin.  ft. 

Six  men  working  9  hours  dug  and  set  21  posts,  without  post  augur,  and  set 
on  20  rails,  which  figures  7H  cts.  per  lin.  ft. 

It  was  estimated  that  under  ordinary  conditions,  this  guard-rail  could  be 
made  and  erected  for  50  cts.  i>er  lin.  ft. 

Cost  of  Washed  Sand  and  Gravel  (Engineering  and  Contracting,  Feb.  21, 

1917). — Some  interesting  figures  on  the  cost  of  producing  sand  and  gravel 

were  given  by  B.  E.  Neal,  in  a  paper  presented  before  the  joint  meeting  of  the 

Indiana  and  Illinois  Sand  and  Gravel  Producers'  Associations,  Dec.  28,  1916. 

In  submitting  the  flgiues  Mr.  Neal  pointed  out  that  the  gravel  business  is 

a  spasmodic  one,  that  in  a  year  there  are  only  about  4  months  of  good  business 

and  that  there  are  heavy  expenses  for  repairs,  replacements  and  for  carrying 

the  organization  through  the  winter. 

A  summary  of  Mr.  Neal's  figures  shows  the  following: 

Per  ton, 

Ct8. 

Plant  cost — Operating 12H 

Stripping 2 

Repairs  and  replacements 6 

Office  and  selling  expense 5 

Taxes  and  insurance , H 

Plant  depreciation 3 

Depletion  of  gravel  deposit 1 

Interest  on  investment  5  per  cent w 1 

Total 31 

These  figures  Mr.  Neal  believes  are  about  the  average  cost  of  producing 
commercial  material  under  average  conditions.  By  average  conditions  is 
meant  a  bank  of  gravel  30  to  40^  ft.  thick  covered  with  about  3  ft.  of  stripping 
and  running  about  40  per  cent  above  the  H-in.  and  60  per  cent  below.  The 
-above  conditions  are  believed  to  be  at  least  as  good  as  are  found  in  the  average 
pit  in  Indiana. 

The  item  operating  cost  includes  the  cost  of  loading  and  washing  gravel, 
the  cost  of  power  and  labor  to  transport  t^ie  gravel  from  the  bank  to  the  plant 
and  the  cost  of  the  monthly  men  while  not  actually  engaged  in  repairs ;  also 
the  cost  of  fuel  or  electric  power,  as  the  case  may  be.  Mr.  Neal  stated  that  the 
experience  of  his  company  showed  the  cost  of  producing  salable  material,  not 
considering  the  material  wasted  in  a  production,  to  be  not  far  from  l^K  cts. 
per  ton. 

The  cost  of  stripping  item  varies  more  or  less  with  local  conditions.  To 
move  the  stripping  and  get  it  clear  away  from  the  scenes  of  operation,  Mr. 
Neal  believes,  would  cost  on  an  average  30  cts.  p&r  cubic  yard  of  stripping 
moved.  This  in  the  case  of  the  bank  mentioned  above  would  make  the  aver- 
age stripping  cost  2  cts.  per  ton  of  gravel.  Regarding  the  item  repairs  and 
replacements  Mr.  Neal  calls  attention  to  the  fact  that  producing  gravel  is 
heavy  and  hard  work  and  is  the  hardest  usage  that  machinery  of  all  kinds 
can  be  put  to.  He  believes  the  average  repairs  fOT  plants,  including  repair 
labor,  will  average  6  cts.  per  ton  on  the  year's  output. 

Plant  depreciation  is  figured  on  the  basis  of  15  per  cent  per  year.  In  giving 
this  figure  Mr.  Neal  states  that  plants  of  the  cable  exoarvator  type  must  be 
moved  every  3  or  4  years,  and  that  plants  of  the  elevator  type  with  shovels 
and  donkey  engines  have  expensive  machinery  which  does  not  last  for  muQr 
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years.  Mr.  Neal  doubts  very  much  if  this  amount  of  depreciation  would  have 
covered  the  cost  during  the  past  6  or  8  years,  owing  to  the  changes  in  gniTel 
specifications  which  have  necessitated  rebuilding  the  plants.  As  a  result  of 
figuring  over  several  plants,  their  costs  and  their  capacities,  Mr.  Neal  believes 
that  it  takes  an  average  plant  investment  of  at  least  20  cts.  per  ton  of  yearly 
output.  In  other  words,  a  plant  which  will  produce  100.000  tons  of  commer- 
cial material  could  be  be  erected  and  made  ready  for  business  with  a  plant 
investment  of  less  than  $20,000.  On  the  basis  of  15  per  cent  depreciation  this 
would  mean  a  cost  of  Z  cts.  per  ton  for  gravel  produced. 

The  item  "  depletion  of  gravel  deposit "  is  figured  on  the  basis  of  there  being 
06,000  tons  of  gravel  per  acre. 

Cost  of  Operating  Gravel  Washing  Plant  at  Wayae  County,  Michigan. — 
Engineering  and  Contracting,  Dec.  3,  1919,  gives  the  following: 

A  washing  plant  with  a  capacity  of  200  cu.  yds.  per  day  was  erected  at  the 
gravel  pit,  leased  by  the  County  Road  Commissioners  to  furnish  material  for 
two  concrete  roads.  The  entrance  was  graded  and  an  industrial  railway  laid 
xight  up  to  the  chutes  from  the  washing  plant  bins. 

The  location  of  the  pit  was  central  to  the  roads  being  built,  thereby  shorten- 
ing the  haul  about  H  niile  over  the  distance  from  the  railroad  siding  if  com- 
mercial material  had  been  used.  The  lay-out  of  the  gravel  pit  was  such  that 
it  was  much  cheaper  to  arrange  a  yard  at  the  pit  than  it  would  have  been  to 
unload  from  railroad  cars. 

A  small  stream  fed  by  local  springs  furnished  an  abimdant  supply  of  water, 
which  was  pumped  1,000  ft.  through  two  lines  at  3-in.  pipe  to  the  washing 
plant  by  electric  motor.  A  single  line  of  4-in.  pipe  would  have  been  sufficient, 
but  two  3-in.  lines  were  used  because  this  pipe  was  in  stock.  The  plant  was 
operated  by  a  small  electric  motor,  making  it  comparatively  simple  in 
cq)eration. 

The  cost  of  operation,  exclusive  of  interest  and  depreciation,  according  to 
the  last  annual  report  of  the  Commissioners  was  i^proxhnately  as  follows: 

Total 
per     day 

4  teams  loading  hopper  at  $8 $32. 00 

2  scraper  holders  at  $5 10. 00 

1  foreman  at  $6.60 6. 50 

1  operator  at  $6 6.00 

2  oar  loaders  at  $6 10. 00 

Motor  rental  at  $1.50 1 .  60 

Electric  current  estimated 10. 00 

Total  (200  cu.  yda.  at  38  cti) $76. 00 

On  the  basis  of  an  aveirage  daUy  output  of  200  cu.  yds.  the  cost  amoimts  to 
38  cts.  per  cubic  yard,  plus  15  cts.  for  the  cost  of  the  material  in  the  pit,  making 
a  totfd  of  53  cts.  per  cubic  yard  for  the  material  loaded  in  the  industrial  cars 
ready  to  haul.  It  will  be  noted  in  the  above  cost  that  the  largest  item  is  the 
teams  loading  the  hopper  which  feeds  the  belt.  This  item  could  have  been 
reduced  by  the  installation  of  a  drag  line  bucket  and  hoisting  engine,  but  owing 
to  the  short  run  which  this  plant  had  it  was  not  considered  advisable  to  invest 
in  so  large  an  equipment. 

The  plant  cost  approximately  47,200  erected,  and  supplied  about  10,000 
ou.  yds.  of  material,  from  the  fit.  It  is  expected  to  operate  the  plant  next 
year  for  furnishing  gravel  and  sand  for  maintenance  work. 
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Cost  ol  Bxuvatint,  with  Drat  Llns,  AgcragataH  for  Concrete  Road  Voik. — 
Stanley  E,  Bates  In  Engineeiing  and  Controctlog  Sept.  22,  1916,  gives  the 
following: 

The  pluit  is  located  In  Elkliait  County,  Indiana,  and  was  erected  b;  tba 
contractor  for  supplying  the  aggiegales  foi  constructlns  some  3  mUea  of  con- 
Fig.  S  shows  the  generaJ  layout  of  the  plant,  the  essential  features  of 
whlcti  are  a  bucket  and  carriage  mounted  on  a  slack  line  cable  ruoniog  between 
a  mast  on  one  side  of  the  river  and  an  anchor  on  Che  other,  a  hoist  to  operate 
the  bucket,  and  a  screen,  crusher  and  loading  bin.  Three-phase,  60-cycla 
alternating  current  from  a  2,2(X)-volt  power  line,  alepped  down  by  three  trans- 
formers to  440  Tolta,  la  used  throughout  the  plant. 


Flo.  B. — Drasline  gravel  eieavatint  plant  at  Elkhart.  Ind. 

From  Fig.  8  the  operation  of  the  dragline  In  digging  the  gravel  from  the 
river  bed  and  elevating  It  to  the  top  of  the  screening  uid  loading  plant,  can 
be  followed.  The  power  to  operate  the  cables  Is  supplied  by  aSO-h.p.  two- 
drum  electric  hoist,  equipped  with  a  Irlctlon  clutch  of  the  band  type  which 
operates  the  drum  at  two  speeds,  high  speed. being  three  times  as  great  as 
low.  This  two-speed  arrangement  Is  particularly  adapted  to  dragline  exca- 
vation aa  it  fumislies  great  power  at  slow  speed  for  digging  and  then,  when  the 
bucket  Is  full,  the  drum  can  inunedialely  be  thrown  into  high  by  means  of  a 
single  lever  dutch,  bringing  the  bucket  rapidly  to  the  dumping  point. 

To  the  forward  drum  ot  the  hoist  is  attached  the  load  cable  which  passes 
over  a  sheave  attached  to  the  top  ot  the  mast  and  thence  to  the  bucket.  Tba 
rear  drum  operates  the  tension  cable  which,  through  a  set  ol  faU  blocks  also 
at  the  mast  top,  furnishes  (he  means  of  slackening  and  tightening  the  track 
sable.    Both  the  tension  and  load  cables  are  ^-In.  dlam.    Details  of  the 
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bucket,  which  has  a  capacity  of  1  cu.  yd.  and  of  the  carriage  and  chain  mount- 
ings, are  shown  in  Fig.  8. 

The  mast  is  65  ft.  high,  of  an  A-frame  type,  the  legs  14  ft.  apart  at  the 
bottom.  Each  leg  is  built  up  of  6  X  10-tn.  timbers  spliced  through  the  middle 
portion  to  give  added  resistance  to  bending.  In  addition  to  this,  they  are 
trussed  on  each  side  with  %-in.  wire  rope.  Three  guy  lines  of  1-in.  cable 
run  from  top  of  the  mast  to  anchors  about  100  ft.  back  of  the  base  and  75  ft. 
apart.  Two  auxiliary  guys  of  M-in.  cable  lead  to  anchors  close  to  the  river 
bank.  The  track  cable  running  across  the  river  is  IH  h^-  In  diam.  and  nearly 
600  ft.  long. 

The  bucket  drops  its  contents  against  a  diunp  board  built  at  an  angle  of 
nearly  45"  at  the  top  of  the  structure.  The  material  then  sUdes  down  into 
a  small  hopper,  passing  out  through  the  IH  X  2-in.  opening  in  the  bottom 
directly  onto  a  grizzly.  The  grizzly  is  made  of  diamond  shaped  steel  bars 
set  IK  ins-  M>art  and  held  in  place  by  ^-in.  rods  and  cast  iron  spacers.  It 
Is  placed  at  an  angle  of  about  30^  with  the  horizonti^  and  is  10  ft.  long  and  3 
ft.  wide. 

A  stone  crusher  of  the  jaw  type,  run  by  a  20-h.p.  motor,  is  located  at  the 
bottom  of  the  grizzly  and  receives  all  over  size  material  which,  after  being 
crushed,  rejoins  at  the  entrance  of  the  screen,  the  material  which  passed  the 
bars  of  the  grizzly. 

The  screen  is  designed  to  separate  the  material  into  two  sizes.  The 
main  cylinder  is  32  ins.  in  diam.  and  10  ft.  long  made  of  K-in.  steel  plates  and 
reinforced  by  four  channels  bolted  to  the  end  castings.  The  perforations 
are  1  in.  in  diam.  Outside  of  this  there  is  another  cylinder,  sometimes  called 
a  dust  jacket,  made  of  heavy  wire  mesh  42  ins.  in  diameter  and  9  ft.  4  ins.  long. 
The  openings  in  the  dust  jacket  are  K  in.  in  size. 

This  combination  of  screens,  together  with  the  grizzly  and  crusher,  separates 
the  material  into  sand  ranging  from  K  In.  down  and  gravel  from  IK  ins.  to 
yi  in.  According  to  the  contractor,  the  reason  for  the  use  of  a  double  screen 
is  not  only  to  insure  a  good  separation,  but  to  allow  the  use  of  a  heavier  and 
more  durable  Inner  cylinder  than  would  be  i>ossible  if  the  perforations  had  to 
be  K  In.  instead  of  1  in.  in  diameter. 

The  screen  is  driven  by  a  5-b.p.  electric  motor  through  belt  and  gears  at  the 
discharge  end.  This  end  is  supported  on  a  shaft  with  an  adjustable  thrust 
bearing  to  keep  the  driving  gears  in  proi)er  mesh.  The  head  end  revolves  on 
two  wide  faced  rollers. 

To  aid  in  the  separation  of  the  sand  and  gravel,  water  is  pumped  into  the 
cylinder  through  a  2-in.  pipe  Hne  from  the  river  by  a  centrifugal  pump  driven 
by  a  5-h.p.  motor.  This  pipe  runs  inside  and  along  the  axis  of  the  screen  and 
is  perforated,  thus  delivering  the  water  uniformly  over  the  material. 

Below  the  screen  are  the  loading  bins,  two  for  sand  and  one  for  graveL 
Each  holds  about  15  cu.  yds.  of  material  and  has  two  discharge  chutes,  one 
on  each  side.  The  bottoms  of  the  bins  are  built  in  the  shape  of  an  inverted 
V,  with  a  slope  of  about  30°. 

The  amount  of  material  excavated  and  screened  per  day  has  averaged  about 
125  cu.  yds.,  though  if  necessary  this  could  be  increased  nearly  100  per  cent. 
Three  men  are  needed  to  operate  the  plant,  an  engineer  and  two  laborers. 
One  of  the  latter  is  located  at  the  grizzly  and  keeps  the  material  moving  freely. 
seeing  that  it  doesn't  clog  at  any  point.  The  other  assists  in  loading  the  motor 
trucks. 

The  gravel  from  the  river  runs  about  two  parts  of  fine  material  to  one  of 
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coarse  aad  as  the  specifications  for  the  road  call  for  concrete  of  a  1:2:3  mix, 
there  is  a  large  excess  of  sand.  At  present  this  is  stored  in  piles  around  the 
plant  and  sold  locally  as  there  is  demand  for  it.  It  is  clean  and  sharp,  an 
excellent  material  for  concrete  work,  and  brings  about  $1  per  cu.  yd.  delivered. 
Coat  of  Producing  Oravel  and  Sand. — Owing  to  rain  delaying  the  progress  of 
the  concrete  work,  the  material  plant  has  not  been  in  continuous  operation. 
Cost  figures,  therefore,  are  not  r^resentative  but  the  tabulation  below  is 
baaed  on  the  work  done  so  far  and  will  give  a  fairly  good  idea  of  what  may  be 
expected  of  a  plant  of  this  type,  working  under  unfavorable  conditions.  In 
computing  interest,  etc.,  it  was  assumed  that  the  plant  was  in  operation  only 
150  days  out  of  the  year,  and  was  producing  each  day  only  125  cu.  yds.  of 
sand  and  gravel. 

Cost  op  Excavating  Gravel  wIth  Draglini:  and  Scbbbning  to  Two  Sizes 

fob  concbbtb  road  wobk 

Per  10- 
Item  hr.  day 

Labor: 

Engineer $  3 .  25 

Two  laborers  at  $2.00 4 .  00 

,  T  *  7.25 

Interest  on  Investment,  etc.: 

Interest  on  cost  of  plant,  $6,500  at  6  per  cent $2. 60 

Depreciation  $6,500  at  10  per  cent 4 .  33 

$  6.93 
Running  expenses: 

Current  for  four  motors  at  2H  cts.  to  3  cts.  per  kw.  hour $  4 .  00 

Repairs,  renewing  cables,  etc 1 .  20 

$  5.20 

Total  daily  cost '. $10. 38 

Average  amount  produced  in  one  day,  125  cu.  yds. 

Cost  per  cu.  yd $  0. 155 

Operating  Costs  of  Dragline  Cableway  Excavator  in  Gravel  Dipping  (Engi- 
neering and  Contracting,  Jan.  17,  1917.) — The  plant  was  erected  by  J.  W. 
Owinn  near  Cambridge  City,  Ind.  for  furnishing  100,000  cu.  yds.  of  gravel 
ballast  and  aggregate  for  a  concrete  road.  The  plant  was  equipped  with  a 
1-yd.  bucket,  8  X  10  in.  double  drum,  two-speed  hoist,  600-ft.  cableway  and 
other  equipment  from  a  portable  outfit.  It  has  a  capacity  of  about  300  cu. 
yd.  per  10-hr.  day  and  the  total  investment  in  the  plant  approximates  $7,000. 

The  daily  operating  costs  of  the  plant  are  as  follows: 

Engineer $  4.00 

Fireman 3.00 

Laborers 4 .  00 

Coal 3 .  00 

Oil  and  miscellaneous 1 .  50 

Total $15. 50 

This  shows  a  cost  of  5  cts.  per  3rard.  But  the  yearly  overhead  charges 
should  also  be  taken  into  consideration,  as  follows: 

Per  year 

Interest  on  $7,000  at  6  per  cent $     420 

Renewal  of  cables,  blocKS  and  sheaves 400 

Depreciation  of  engine  and  bucket 450 

Total $1 ,270 

107 
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CountiDg  on  200  working  days,  the  dftUy  fixed  charges  will  be  $6.80,  ^diieh, 
added  to  the  pay  roll,  gives  a  total  daily  expense  of  $21.80.  This  means  that 
when  the  plant  is  worlctaig  to  capacity,  gravel  Which  sells  for  26  cts.  aryard 
costs  only  7  cts.  to  produce. 

The  chief  difficulty  is  that  conditions  oonstaatly  intrude  to  prevent  opera- 
ing  the  plant  at  capacity.  Mr.  Gwinn  suffered  from  the  car  shortage  and  was 
compelled  to  cut  the  daily  operating  hours  more  than  one-half. 

Cost  of  Crushing  Rock  at  the  Pocoima  Qaarry,  Los  Angeles,  CaL — ^W.  A. 
Gillette  gives  the  following  in  Engineering  and  Contracting,  Oct.  4,  1911. 

The  quarry  is  operated  under  t!be  direction  of  the  Los  Angeles  County  High- 
way Commission,  under  the  direct  supervinon  of  Wm.  Davidson.  The  data 
and  segregations  have  been  reconciled  with  the  ledger  and  payrolls  each 
month  as  shown  on  the  books  of  the  Los  Angeles  Highway  Commission, 
beginning  Jan.,  1911,  and  running  six  months,  inclusive. 

The  plant  consists  of  one  No.  4  and  one*  No.  6  Austin  gyratory  crusher, 
loading  bins  1,700  tons  capacity;  one  Bucyrus  steam  shovel.  Type  C.  Model 
60,  2H-yd-  bucket,  quarry  cars,  track,  electric  locomotive,  scale  house,  bunk 
and  boarding  houses,  and  all  the  equipment  necessary  for  a  complete  plant. 
The  cost  of  the  plant  is  approximately  $90,000.  For  the  six-month  period — 
Jan.-June,  1911 — the  cost  of  producing  crushed  rock  was  as  shown  in  Table 
VII- 

Tabub  VII.— Cost  op  Rock  Cbushxno  at  thb  Pocodia  Quarbt 


Supt.  and  office 

Strippins — labor. 

Drilling  and  blasting — labor 

Powder* 

Other  material 

Loading  and  transporting  quarry  to  crusher. . 

Material ^ 

Hauling  muck — labor 

Phtnt  operation — labw 

Loading  and  shipping — labor 

Maintenance — laDor 

Material .' 

General  labor 

Power  cost 

Items  of  improvement 

Interest  on  plant  investment 


Per 

cent,  of 

total 

Totals 

Per  ton 

cost 

$  2,292.10 

$0.0224 

3.97 

a, 804. 67 

.0860 

15.26 

2,041.46 

.0199 

3.54 

789.14 

.0077 

1.37 

124.83 

.0012 

.22 

27,094.24 

.2646 

46.95 

549.28 

.0054 

.95 

8,148.60 

.0796 

14.13 

2.000.77 

.0195 

3.47 

752.94 

.0074 

1.30 

1,703.89 

.0166 

2.95 

784.93 

.0077 

1.86 

493.52 

.0048 

0.86 

2,134.51 

.0208 

3.70 

1,130.00 

.038 

2,750.00 

Grandtotal $61,594.88    $0.6016       100.02 

Credits — boarding  house  profits 4,217. 66    $0. 0412       

$57,377.22    $0.5604       

Note. — The  average  number  of  men  employed  per  day  was  92,  and  per  night 
58^  making  a  total  of  150.  The  live  stock  amounted  to  31.  The  total  number  of 
shifts  was  227,  and  total  tonnage  produced  was  102,377,  making  the  average  per 
shift' 372  tons. 

*6,928  lbs.  of  powder  used  or  .0067  lb.  per  ton. 

The  county  is  bujring  crushed  rock  from  various  other  plants  at  from  53H 
cts.  to  $1.10  per  ton  f.  o.  b.  at  plant,  the  prevailing  price  being  aroimd  70  cts. 
per  ton. 

As  far  as  management  is  concerned  the  showing  made  is  very  miKh  out  of 
the  ordinary,  particularly  in  view  of  the  fact  that  to  a  large  extent  Mexk»ji 
labor,  at  $2  per  8-hr.  day,  has  been  used. 
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As  will  be  noted  in  the  table,  15.26  per  cent  of  the  total  cost  is  for  stripping, 
and  14.12  per  cent  of  the  total  cost  is  for  handling  muck.  This  is  29.38  per 
cent  of  the  total  cost,  and  is  equivalent  to  16.56  cts.  per  ton.  This  is  an  extra 
expense  which  could  have  readily  been  saved,  had  proper  judgment  been 
used  in  selecting  the  quarry  location.  There  appiears  to  be  no  logical  reason 
for  not  having  selected  a  proper  site  as  there  are  numerous  good  ledges  of 
suitable  rock  available. 

It  will  be  noted  that  I  have  not  given  the  item  of  depreciation  which  of 
course  must  be  taken  into  account.  Part  of  this,  however,  is  covered  in  the 
items  maintenance,  material  and  items  of  plant  improvement.  We  could  add 
5  cts.  a  ton  for  plant  depreciation,  and  still  have  a  good  showing.  The  rock  is 
a  disintegrated  granite. 

The  Cost  of  Unloading  Cmshed  Rock  from  Railroad  Cars  by  Slip-Scraper. — 
In  Engineering  and  Contracting,  Oct.  22, 1910,  H.  R.  Postle  gives  the  following: 

The  writer,  aided  by  some  experiments  and  suggestions,  has  recently 
constructed  and  oi)erated  a  device  that  is,  he  believes,  the  solution  of  the 
problem  for  the  ordinary  contractor  who  must  have  a  plant  adapted  to  small 
jobs,  movable  from  place  to  place  and  adapted  for  all  kinds  of  railroad  cars. 
Unloading  crushed  rock  ordinarily  costs  from  20  to  25  cts.  per  ton,  but,  by 
means  of  this  apparatus,  rock  is  being  imloaded  for  about  one-third  to  one- 
half  of  this  amount. 

The  method  is  to  draw  the  rock  over  the  end  of  the  car,  through  a  chute 
hung  to  the  end  of  the  car,  and  into  the  wagon  by  means  of  an  ordinary  slip- 
scraper  (largest  size),  to  which  is  attached  a  M-in.  wire  cable  connected  to  a 
hoisting  drum  operated  by  a  gasoline  engine. 

The  chute  is  built  of  2-in.  lumber  and  is  6  ft.  wide  at  one  end,  5  ft.  at  the 
other  end,  and  5  ft.  long,  and  is  supported  by  two  legs,  so  that  it  just  clears 
the  wagons,  allowing  them  to  be  driven  under  or  moved  ahead.  A  roller  3  or 
4  ins.  in  diameter  is  mounted  on  the  outer  end,  over  which  runs  the  cable 
drawing  the  scraper  and  against  which  the  scraper  falls  when  dumping. 

The  hoist  dnun  and  gas  engine  are  mounted  on  a  low  truck  so  as  to  be 
easily  moved.  The  engine  is  a  10  h.p.  gas  engine,  belted  to  the  hoist  drum  with 
an  8-in.  belt.    The  hoist  drum  is  12  ins.  in  diameter  and  10  ins.  wide. 

The  method  of  procedure  is  to  place  the  loaded  railroad  cars  in  one  end  of 
the  svritch,  move  each  car  in  turn  into  the  same  position  for  unloading,  and, 
when  unloaded,  move  it  to  the  other  end  of  the  switch.  An  extra  length  of 
Tope  is  provided  so  that  a  hitch  can  be  made  to  the  cars  to  move  them  into 
position.  The  cars  are  thus  moved  more  quickly  than  the  apparatus  can  be 
moved  from  car  to  car. 

Six  or  seven  men  are  needed  to  unload  from  200  to  250  tons  of  rock  per  day. 
One  acts  as  foreman,  two  handle  the  scraper,  one  is  engineer  and  the  others 
shovel  up  the  surplus  rodi:  which  the  scraper  can  not  reach.  The  two  men 
handling  the  scraper  drag  it  to  the  farthest  end  of  the  car,  signal  the  engineer, 
who  throws  in  the  clutch,  when  immediately  the  scraper  starts  toward  the 
chute,  gathering  a  full  load  of  rock  and  pushing  some  ahead  of  itself, 
is  drawn  through  the  chute  and  dumps  its  load  at  the  end  thereof  into  the 
wagon. 

The  writer  in  loading  5  yds.  (6  ton)  dump  wagons,  found  that  they  could 

be  loaded  in  an  average  of  10  minutes  by  12  scraper  loads.    About  seven- 

.  eighths  of  a  car  can  be  unloaded  by  the  scraper  by  having  the  two  or  three 

shovelers  shovel  the  rock  away  from  the  sides  and  farther  end  of  the  car  when 

the  rock  is  getting  low  in  the  car. 
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From  200  to  260  tons  per  8-hr.  day  can  be  unloaded  for  the  following  costs: 

One  foreman $     3 .  50 

One  engine  man 3 .  00 

Two  scraper  men 6. 00 

Three  shovelers 6. 00 

Gasolme,  oil,  repairs,  etc 2. 50 

Total $  20.00 

If  only  200  tons  are  unloaded,  the  cost  is  10  cts.  per  ton.  The  cost  of  the 
apparatus  is: 

Gas  engine,  ten  horse-power S350 .  00 

Hoist  arum 125 .  00 

Truck 50.00 

Large  scraper 10.00 

One  hundred  and  twenty-five  feet  cable 9 .  00 

Pulley  block 3.00 

Total $547.00 

The  irregularity  with  which  cars  of  rock,  are  received,  makes  such  an 
apparatus  especially  valuable  to  any  contractor,  inasmuch  as  when  no  cars, 
or  less  than  a  day's  run,  are  received,  he  need  not  have  a  gang  of  shovelers  to 
lay  off  or  provide  for. 

Cost  of  Handling  Stone  from  Cars  by  Slot,  Elevator  and  Bin  Method. — 
During  the  road  construction  season  (1919)  the  County  of  Brant,  Ontario, 
unloaded  broken  stone  from  cars  and  into  an  elevated  bin  by  the  slot,  elevator 
and  bin  method,  at  a  cost  of  about  3  cts.  i)er  ton.  The  following  information 
on  this  method  is  from  an  abstract  in  Engineering  and  Contracting,  April  7, 
1920,  of  a  paper  presented  at  the  6th  annual  conference  of  Ontario  Road 
Superintendents  and  Engineers  by  Alan  Mair  Jackson. 

A  slot  4  ft.  deep  across  the  track  is  excavated  16  ins.  wide  between  ties  and 
is  lined  with  ties  one  on  top  of  the  other.  A  plate  some  9  ft.  long  and  16  ins. 
wide  is  set  in  this  slot  at  a  slope  on  which  stone  runs  freely,  i.  e.,  30  degrees 
from  the  horizontal.  The  plate  should  be  set  so  that  the  largest  material  will 
pass  under  the  rail  at  the  upper  end  and  the  lower  end  so  that  it  will  discharge 
on  the  buckets  of  an  elevator.  The  elevator  is  set  in  a  pit  at  one  side  of  the 
track  with  the  center  of  the  lower  tumbler  about  6  ft.  below  base  of  rail.  With 
this  setting,  a  30-ft.  elevator  standing  at  60  degrees  from  horizontal  will  have 
sufficient  length  to  fill  a  55-ton  bin.  The  motor,  consisting  in  this  case  of  a 
9  h.p.  oil  engine,  is  set  under  the  elevator  in  a  small  portable  house  and  provided 
with  a  clutch  drive,  by  6  in.  belt,  onto  the  jack  shaft  of  the  elevator.  The 
elevator  is  of  standard  construction  14  ins.  wide  and  deUvering  about  120 
buckets  per  minute. 

The  flow  of  stone  to  the  elevator  Is  controlled  by  an  ordinary  slide  door 
operated  by  a  lever  and  is  set  between  angles  fastened  to  two  plates  lining  the. 
sides  of  the  16  in.  slots  at  the  lower  end.  The  pit  in  which  the  elevator  is  set 
is  made  large  enough  for  the  operator  to  get  down  to  the  lower  tumbler  and 
is  timbered  on  the  track  side  and  decked  over.  A  trap  door  is  left  in  the  deck 
so  that  the  lever  operating  the  stone  feed  may  be  got  at  and  cover  boards  are 
provided  for  the  slot  across  the  tracks  so  that  the  whole  may  be  left  safe  when 
not  in  operation.  The  usual  spacing  of  ties  is  about  20  in.  centers,  which 
leaves  approximately  11  in.  space  between  ties. 

Two  of  these  outfits  were  installed  by  the  County  of  Brant  last  year  and 
operated  during  the  construction  season.  The  total  kerosene  purchased  at 
20H  cts.  for  unloading  1 ,854  tons  was  33  gals. ,  giving  a  cost  for  fuel  of  about  H« 
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ct.  per  ton  A  50-ton  car  can  be  unloaded  in  2H  hours,  though  allowing  for 
oiling  round  and  starting  up,  Mr.  Jackson  figures' 3  hours  about  a  fair  allow- 
ance. The  oi)erator  in  each  case  has  been  an  imskilled  man  paid  40  ct.  per 
hour.  The  bin  used  discharges  through  four  12  in.  X  12  in.  openings  in  the 
bottom  by  means  of  any  one  of  which  a  IH  yd.  wagon  can  be  filled  in  30 
seconds.  The  height  from  the  ground  to  bottom  of  bin  is  6  ft.  8  in.,  though 
this  can  be  increased  by  lowering  the  roadway.  The  cost  of  unloading  50 
tons  may  be  talcen  as  follows: 

3  hours'  time  at  40  cts $1,20 

50  tons  at  Ho  ct.  for  fuel .20 

Oil  and  waste  and  grease .  10 

Total $1 .  50 

The  outfits  cost  approximately  $1,800,  made  up  as  follows:     . 

Engine  and  <;lutch $     545 

Elevator 650 

Lumber  for  bin  and  pit 215 

Ironwork  for  bin  ^d  slot 225 

Construction 165 

Total ". $1,800 

Mr.  Jackson  estimates  that  the  unloaders  can  be  taken  down  and  re-erected 
for  about  $200. 

A  bin  of  this  capacity  is  not  portable  in  the  strict  sense  of  the  word  but  the 
bins  used  in  Brant  county  last  year  were  made  so  that  the  whole  structure 
could  be  readily  taken  apart.  No  nailed  parts  would  have  to  be  torn  out 
except  the  lining  boards  of  the  end  of  the  bin,  each  of  which  requires  two  4-in. 
nails,  so  that  no  loss  should  occur  in  knocking  down  the  bin. 

Cost  of  Loading  Gravel  by  Mechanical  Loaders  and  by  Hand. — Compara- 
tive figures  on  the  cost  of  loading  road  gravel  by  various  methods  were  given 
by  P.  Philips,  District  Engineer  of  the  Department  of  Public  Works  of  British 
Columbia,  in  a  paper  presented  at  the  recent  convention  of  the  Provincial 
District  Engineers.  The  matter  following,  given  in  Engineering  and  Contract- 
ing, Jime  2,  1920,  is  taken  from  his  paper. 

A  "Haiss"  mechanical  loader  was  introduced  to  Delta  district  this  past 
summer  and  has  beei^  in  continuous  operation  up  to  the  present  time.  This 
machine  has  given  results  which  have  more  than  justified  its  introduction. 
"With  a  few  exceptions  the  pits  in  Delta  district  are  not  ideally  situated  for 
loading  gravel,  having  shallow  faces.  The  machine  has  reduced  the  cost  of 
loading  gravel  by  at  least  60  per  cent,  for  it  will  easily  load  160  cu.  yds.  per  day 
at  a  cost  of  12.3  cts.  -per  cubic  yard  and  under  more  favorable  conditions  has 
loaded  for  6.6  cts.  per  cubic  yard. 

Where  the  gravel  is  to  be  hauled  a  long  distance  it  is  absolutely  essential 
that  the  loader  be  kept  in  constant  operation  either  by  having  portable  bunk- 
ers in  conjunction  with  it  or  by  increasing  the  number  of  trucks. 

The  loader  is  self-propelling,  simple  to  oi)erate,  requires  only  an  intelligent 
skilled  laborer  to  run  it.  The  crew  consists  of  three  men,  one  to  operate  the 
machine  (this  man  is  paid  50  cts.  i)er  hour  more  than  the  ordinary  laborer) , 
two  men  stripping  the  face  of  pit,  loosening  the  gravel,  cleaning  away  roots 
and  debris.  With  the  above  crew  the  loader  can  be  fed  to  its  full  capacity. 
If  the  pit  has  a  high  face  one  man  can  be  dispensed  with. 

A  clamshell  was  used  on  Nicomen  slough  for  loading  rock  tailings  into  scows. 
The  cost  of  loading  2,000  cu.  yds.  of  material  was  6  cts.  per  cubic  yard;  2,000 
cu.  yds.  cost  16  cts.  per  yard  to  load  on  account  of  an  insuflftciency  of  scows. 
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The  capacity  of  bucket  is  H  cu.  yd.  and  the  daily  capacity  is  300  oLTdi 
The  daily  cost  of  operation  is: 

Engineer,  fireman  and  helper $15.00 

Fuel,  oil.  upkeep,  depreciation 5.50 

$29.50 
Cost  per  cubic  yard 6.8eta. 

Where  the  material  is  suitable  for  scraper  work  this  methcxi  compares  tam 
ably  with  the  mechanical  loader.  The  cost  of  loading  90  cu.  yds.  of  fii 
rock  with  team  and  scraper  was  14  cts.  per  cubic  yard.  It  must  be  coDsdfif 
whether  the  amount  of  material  available  will  justify  the  expense  of  erectK 
bunkers. 

A  man  will  shovel  loose  gravel  at  the  rate  of  15  cu.  yds.  per  day.  The  cosi  i 
27  cts.  per  cubic  yard. 

The  following  tabulation  shows  costs  for  loading  truck,  assuming  the  tnA 
makes  8  trips  per  day  with  a  load  of  2  cu.  yds.,  taking  into  consideiatioB  tfe 
cost  due  to  deUy  in  loading: 

Loading  bt  Hand — 16  Cu.  Yds. 

3  men  for  2.8  hours $  4.20 

2.8  hours  delay  of  auto  truck  at  $30  per  day 10.50 

Total  cost $14.70 

MSCHANXCA1«  LOADBB — 16   Cu.    Yd«. 

16  CU.  yds.  at  12.3  ct8 $  1.97 

H  hours  delay  of  truck 8.00 

Total  cost $  4.07 

Ration  List  for  Construction  Camps  (Engineering  and  Contracting.  Msr 
19.  1919). — As  the  result  of  an  analysis  of  mess  practice  in  the  lumbefii 
industry,  made  by  the  engineers  of  the  Spruce  Board  of  the  U.  S.  Army,  tl 
following  was  suggested  as  a  satisfactory  ration  list  for  camp  messes: 

Pounds  per     Pounds  pe 
man  per  man  per 

day  VO  mcali 

Meats,  fish 1.25  87.50 

Eggs 0.156  4.68 

Lard,  etc 0.08  2.4 

Butter  and  substitutes 0. 15  7.5 

Cheese 0.06  1.5 

Milk,  canned 0.25  7.5 

Milk,  fresh 1 .00  80.00 

Beans 0.125  8.75 

Potatoes 1.00  80.00 

Peas 0.10  8.00 

Corn 0.10  3.00 

Tomatoes 0.10  3.00 

Onions,  carrots,  parsnips,  etc 0. 125  3.75 

String  beans,  asparagus,  etc 0. 062  1 .86 

Suxar  (all  purposes,  bakiDK.  cooking,  table,  etc.) 0.20  6.00 

S>Tup  and  molasses 0.25  7.50 

Jams  and  jellies 0.031  0.93 

Flour  (aU  kinds) 0.90  27.00 

Oatmeal 0.10  3.00 

Cornmeal 0.02  0.60 

Cornstarch 0. 02  0. 60 

Rice  and  barley 0.02  0.60 

Dried  and  canned  fruits 0. 25  7. 50 

Fresh  fruits,  otc 0.25  7.50 

Tea 0.01  0.80 

Coffee 0.071  2.18 

ToU  1 ^  ^«1<1        »8 .  10 
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Commissary  Supplies  on  «  Canadian  Survey. — ^Engineering  News,  Nov.  5, 
1914,  publishes  the  following  data  from  a  paper  by  H.  T.  Routly  in  the  A"""*^? 
Report  of  the  Ass'n.  of  Ontario  Land  Surveyors. 

The  average  number  of  men  boarded  was  18,  including  the  cook. 

In  a  brief  comment  upon  this  list  Mr.  Routly  says: 

"We  have  always  believed  in  feeding  our  men  what  they  liked,  within 
reasonable  limits,  and  it  is  interesting  to  note  the  difference  in  requisitions  of 
different  parties. 


Consumption  of  Food  and  Supplibs  by  a  Canadian  Survey  Pabtt 
(The  figures  are  the  amount  per  man  per  day) 

Quantity  Quantity 

Supplies                               per  day  Supplies                                     per  day 

Apples 035  lb.  Matches 006  box 

Apricots 025  1b.  Onions 005  1b. 

Bacon  Br.. <. 215  1b.  Peaches 025  1b. 

Bacon  L.  C 475  lb.  Peas 049  lb. 

Bacon  pickled 022  lb.  Pepper 007  lb. 

Baking  powder 010  lb.  Pickles 002  gal. 

Barley 005  lb.  Potatoes 525  lb. 

Beans 120  lb.  Potatoes,  desic 028  can 

Butter 154  lb.  Prunes 050  lb. 

Beef 813  1b.  Raisins 077  1b. 

Candles 378  candle     Rice 037  lb. 

Cheese , .  062  lb.  Rolled  oats 055  lb. 

Coal  oil 003  gal.         Salt 021  lb. 

Cocoanut 002  lb.  Soap 041  cake 

Coffee 017  lb.  Spice 

Com. .  ; 064  can         Sugar,  brown 178  lb. 

Corn  flakes 098  lb.  Sugar,  gran 265  lb. 

Cornstarch 004  pkg.        Syrup .  007  gal. 

Cream 200  can         Tea 036  lb. 

Currants 052  lb.  Tomatoes 073  can 

Flavoring Turnips 075  lb. 

Flour 825  lb.  Yeast  cakes 007  box 

Jam 015  1b. 

Lard 092  1b. 

Macaroni 115  lb. 


The  above  table  is  simply  an  analysis  of  actual  quantities  and  costs  on  this 
particular  contract.  A  change  of  cooks  will  often  make  a  great  difference  in 
the  comparative  amounts  of  various  items  used. 

"  In  most  of  our  northern  work  we  used  desiccated  potatoes,  but  on  this 
contract  some  of  the  ordinary  tubers  were  used.  These  were  frozen  solid 
coming  in,  and  it  may  be  of  interest  to  note  that  the  best  method  of  preparing 
frozen  potatoes  is  not  to  thaw  them  with  cold  water,  as  is  usually  done,  but  to 
brush  them  clean,  give  them  a  quick  rinse  with  hot  water,  plunge  them  at  once 
into  a  pot  of  boiling  water,  and  cook  them  with  jackets  on." 

A  Tropical  Ration  List. — R.  C.  Hardman,  gives  the  following  in  Ekigineering 
and  Contracting,  May  3,  1916.  In  going  over  some  old  papers  recently  the 
writer  found  a  list  of  rations  used  some  ten  years  ago  in  the  PhiUppine  Islands 
by^he  Bureau  of  Engineering,  or  Bureau  of  Public  Works,  as  it  is  now  called. 
The  rations  were  for  the  use  of  reconnaissance  parties,  survey  parties  and 
construction  camps.  It  will  be  noted  that  all  the  articles  are  such  as  can  be 
well  preserved  under  the  extreme  climatic  conditions  encountered  in  the 
tropics. 
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Cost 

Provision  Quantity       Unit  Total 

Pork  sausage 6  cans  $0,225  $1.35 

Beefsteak  and  onions 1  can  .  325  .  325 

Corned  beef  hash 7  cans  .  185  1 .  295 

Compressed  ham 2  cans  .26  .52 

Beef  stew 2  cans  .28  .56 

Corned  beef 2  cans  .  275  .  55 

Mock  turtle  soup 2  cans  .27  .54 

Bacon 4  lbs.  .20  .80 

Flour 17  lbs.  .0405  .69 

Corn  meal 5  lbs.  .095  .475 

Rolled  oats 5  lbs.  .  155  .775 

Crackers,  soda 4  lbs.  .14  .56 

Bread,  Boston  brown. . . ^ 4  cans  .13  .52 

Pork  and  beans 2  cans  .18  .36 

Corn 4  cans  .  165  .  66 

Succotash 4  cans  .18  .72 

Potatoes 15  lbs.  .0235  .355 

Onions 5  lbs.  .0295  .15 

Peaches,  evaporated 2  lbs.  .  145  .  29 

Apples,  evaporated 2  lbs.  .17  .34 

Prunes 2  lbs.  .105  .21 

Jam,  blackberry 4  cans  .15  .60 

Jam,  strawberry 2  cans  .16  .30 

Coffee 3)^  lbs.  .27  .945 

Tea,  Early  Breakfast H  lb.  .40  .  135 

Sugar,  granulated 10  lbs.  .  079  .  79 

Cream,  Highland  con 8  cans  .11  .88 

Lard 5  lbs.  .16  .80 

Baking  powder 1  lb.  1.07  1.07 

Pickles 1  qt.  .425  .425 

Vinegar 1  qt.  .065  .065 

Mustard,  French H  bot.  .205  .07 

Salt Hbot.  .18  .06 

Pepper H  box  .60  .20 

Tomato  catsup 2  pts.  .  375  .  75 

Total $18.60 

The  above  rations  were  for  one  American  for  30  days,  and  were  ample  for 
the  time.  In  most  localities  it  was  possible  to  supplement  this  fare  with 
chickens,  eggs,  fish,  shrimps,  crabs,  frogs,  and  various  native  v^etables  and 
fruits. 

For  FUipino  "survesrmen"  the  ration  was  three  condensed  milk  cans  full 
of  rice  per  day  with  an  occasional  can  of  salmon  when  fresh  fish  could  not  be 
obtained. 

Cost  of  Reforesting,  Wachusett  Reservoir,  Boston,  Mass. — ^The  following 
matter  is  taken  from  an  abstract  (E)ngineering  and  Contracting,  March  23, 
1910)  of  a  paper  by  E.  R.  B.  Allardioe  published  in  the  Jour.  Assoc  Eng. 
Soc,  Jan.  1910. 

An  outline  of  the  general  policy  adopted  in  the  reforestation  of  the  marginal 
lands  of  the  Wachusett  Reservoir,  comprising  as  they  did  1,090  acres  of  arable, 
pasture  and  light  sprout  land,  280  acres  of  thick  sprouts  and  young,  thin 
timber  land  and  1,475  acres  of  heavy  timber  or  forest  land,  was  as  follows: 
1st,  to  establish  two  forest  nurseries,  one  on  each  side  of  the  reservoir,  for  the 
raising  from  seed  of  coniferous  trees,  mostly  native  white  pines,  to  form  the  ulti- 
mate or  final  forest,  and  of  deciduous  trees  to  act  as  fillers  and  aid  in  the 
final  development  of  the  conifers;  2d,  to  plant  all  of  the  first  mentioned  daas 
of  land  with  a  mixture  of  white  pines  and  hardwoods;  3d,  to  underplant  the 
second  class  with  white  pines,  making  what  are  hereafter  termed  "  Improve- 
ment Thinnings  in  Young  Pine  Stands,"  as  the  growth  of  the  pines  demanded; 
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4th,  to  make  "  Improvement  Tliimiings  in  Original  Timber  Stands,"  as  oppor- 
tunity permitted;  5th,  to  clear  and  maintain  a  fire  guard  40  ft.  wide  around 
the  outside  limit  of  the  reservation,  to  serve  as  a  protection  against  fires 
having  their  origin  on  abutting  land;  6th,  to  maintain  some  of  the  present  and 
build  necessary  additional  internal  forest  roads  15  ft.  wide,  making  accessible 
all  areas  and  acting  as  secondary  fire  lines,  dividing  the  entire  reservation  into 
lots  containing  from  15  to  30  acres;  and  7th,  to  clear  and  maintain  a  50-ft. 
margin  along  the  forested  portion  of  the  flow  line  of  the  reservoir,  and  to 
plant  the  inside  half  of  it  with  white  pine  and  arbor  vitee  closely  spaced,  form- 
ing an  effectual  screen  or  hedge  to  keep  the  greater  part  of  the  foliage  from 
adjoining  forests  from  being  blown  into  the  reservoir. 

Table  VIII  shows  that  it  costs  about  $16.40  per  1,000  trees,  or  $19.20  per 
acre  (1,390  trees  per  acre),  to  raise  the  trees  from  seed,  prepare,  plant  and 

Tablb  VIII. — Statistics  Relating  to  Reforesting  Wachusbtt  Resebvoib 

Lands 

Work  accomplished  to  Dec.  31,    1908 

Total  area  of  nurseries 8.0  acres 

Total  area  planted 1 ,  330  acres 

Total  number  of  trees  planted:  coniferous 948, 000 

deciduous 902,000 

Total  length  of  reservoir  margin  planted 32. 0  miles 

Total  length  of  fire  guard  oleared  and  maintained 20. 8  miles 

Total  length  of  forest  roads  cleared  and  maintained 30. 0  miles 

Planted  area  thinned 488  acres 

Original  timber  stands  thinned 209.0  acres 

Table  of  Costs 

(Wage  rate,  $1.75  per  8-hr.  day) 

Nurseries: 

Clearing  nursery  on  south  shore. $200  per  acre 

Maintenance  of  nursery,  first-year  seedlings $1.50  per  1,  000  trees 

Maintenance  of  nursery,  second  and  third  year 

seedhngs $1.75  per  1,000  trees  per  year 

Plantings: 

Clearing  areas  preparatory  to  planting $     4  per  acre 

Transplanting  seedlings  from  nursery  to  field 5.25  per  1,  000  trees 

Transplanting  seedhngs  from  nursery  to 

field $5.50  per  acre  (6X6  ft.  planting) 

Improvement  thinnings: 

Among  planted  trees $6  per  acre 

In  original  timber  stands $20  per  acre 

Fire  protection: 

Clearing  marginal  fire  guard  40  ft.  wide $150  per  mile 

Maintaining  marginal  fire  guard $27  per  mile  per  year 

Clearing  and  grading  forest  roads  15  ft.  wide $120  per  mile 

Maintaining  forest  roads $8  per  mile  per  year 

Maintaining  fire  parol $1(X)  per  year 

Reforestation^ — Summary  of  costs  on  planted  pine  stands 
(Wage  rate,  $1.75  per  8-hr.  day)  • 

Per  Per 

1.0( 
Item 

Preparing  nurseries 

Seedhngs  (1  year) 

Transplants  (2  years) , 

Preparatory  clearing 

Field  planting 

Clearing  40-f t.  fire  guard 

Cleariuj^  15-ft.  forest  roads 

Maintaining  40-ft.  fire  guard  (per  year) 

Maintaining  15-ft.  forest  roads  (per  year) 

Maintaining  fire  patrol 

Improvement  clearing 


planted 

planted 

$0.40 

$0.60 

1.50 

2.25 

3.50 

4.50 

3.00 

4.00 

5.25 

5.50 

0.75 

1.00 

1.00 

1.35 

0.14 

0.19 

0.06 

0.09 

0.02 

0.03 

4.25 

6.00 
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protect  tbe  lands  planted,  through  the  time  of  the  final  planting  in  the  field; 
that  it  costs  about  22  cts.  and  31  cts.  per  year  respectively  to  maintain  efficient 
fire  protection;  that  in  sprout  and  scrub  land  it  costs  about  $4.25  and  $6 
respectively  for  an  improvement  thinning,  which  will  probably  have  to  be 
made  twice  during  the  first  ten  years,  after  which  time  the  trees  should  care 
for  themselves. 

Comparative  Costs  of  Wood  and  Steel  Trestles  for  Stocking  Ore. — Stuart  R. 
Elliott,  in  a  paper  before  the  Lake  Superior  Mining  Institute,  gives  the  follow- 
ing, an  abstract  of  which  was  published  in  Engineering  and  Contracting, 
Sept.  1,  1916. 

From  the  figures  obtained  from  several  mines  it  has  been  found  that  in  five 
years  the  total  cost  of  repairs  and  renewals  on  wooden  stocking  trestles  amounts 
to  the  original  cost  of  the  trestle.  Breakage  in  legs  is  exceedingly  high,  often 
amounting  to  as  much  as  33  per  cent  per  year.  If,  for  any  reason,  ore  is  not 
shipped  and  the  legs  are  allowed  to  remain  in  the  pile  for  several  seasons  it 
has  been  observed  that  they  rot  rapidly.  Weather  conditions  have  consider- 
able to  do  with  the  percentage  of  broken  legs.  If  ore  is  dumped  on  a  frozen 
face  of  the  stock  pile,  and  this  new  ore  freezes  rapidly,  it  will  often  move  in  a 
mass  down  on  the  frozen  face  and  break  the  legs.  Large  masses  of  frozen  ore 
also  shift  in  this  way  during  loading  with  the  steam  shovel. 

The  cost  for  erecting  and  dismantling  was  accurately  kept  at  two  large 
mines  for  a  period  of  years,  and  was  found  to  amount  to  $1.20  per  foot. 
Under  unusual  conditions  this  cost  has  run  as  high  as  $1.60  per  foot.  The 
portion  of  the  trestle  between  the  shaft  and  the  point  where  the  ore  is  stocked 
is  usually  called  the  permanent  trestle,  the  other  part  being  the  stocking  trestle. 
The  permanent  trestle  is  put  up  in  a  very  substantial  way  and  is  very  expensive, 
costing  as  much  at  $15  per  foot.  After  a  period  of  10  years  this  perma- 
nent trestle  is  sure  to  be  in  bad  repair.  A  few  of  the  stringers  not  directly 
below  the  tracks  will  probably  last  for  a  short  additional  time,  but  for  the 
sake  of  an  estimate  it  can  be  assumed  that  the  permanent  trestle  will  have  to 
be  entirely  rebuilt  in  10  years.  In  making  the  following  comparative  state- 
ment of  the  cost  of  wood  and  steel  trestles,  the  expenditure  each  year  at  6  per 
cent  compound  interest  has  been  used.  This  yearly  expenditure  has  been 
capitalized  and  figured  at  compound  interest  for  a  period  of  20  years.  It  is 
found  that  at  6K  years  the  costs  for  wooden  and  steel  trestles  of  the  same 
length  are  practically  identical.  As  the  length  of  time  increases  the  capital- 
ized amount  for  repairs,  renewals,  erecting  and  dismantling,  figured  at  6  per 
cent  compound  interest,  increases  very  rapidly.  At  the  end  of  20  years  the 
saving  in  favor  of  the  steel  stocking  trestle  is  $117,000.  It  is  impossible  to 
estimate  the  saving  due  to  better  tracks  and  operating  conditions,  and  conse- 
quently the  minimizing  of  delays  on  the  surface.  With  a  wooden  trestle  a 
certain  number  of  carpenters  and  extra  laborers  must  be  employed.  Only  a 
part  of  their  time  can  be  charged  against  the  stocking  trestle,  but  it  is  neces- 
sary to  have  them  so  that  they  can  be  used  when  repairs  are  needed.  At  the 
Negaimee  mine  we  have  only  one  carpenter,  whose  entire  time  is  si)ent  in  the 
shop. 

Table  IX  gives  the  total  and  unit  costs  of  thb  concrete  and  steel  permanent 
stocking  trestle  built  at  the  Negaunee  Mine.  The  columns,  spaced  114  ft. 
centers,  are  4-ft.  in  diam.  for  the  upper  28.6  ft.  and  are  belled  out  to  a  6-ft. 
diam.  in  the  lower  10-ft.     There  is  only  one  column  in  each  bend. 

The  plate  shells  of  the  columns  are  J^-in.  thick.  They  rest  on  and  are 
bolted  to  pyramid-shaped  reinforced  concrete  bases,  which  are  12  ft.  wide. 
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Tablb  IX. — Total  and  Unit  Costs  of  Piebs  and  Tbestlb 

Piera  — — • 

Total  cost  Cost  per  yd. 

Excavation,  1,800  cu.  yds %     994.65  %     .553 

Concreting,  1,352  cu.  yds 5 ,  142 .70  3 .  80 

Bolts,  washers  and  forms 2 ,  167 .94  2 .  185 

Reinforcing  steel 1 ,423.89  1 . 053 

Total $9,729. 18       %  7. 197 

Average  cost  per  pier 540. 41 


-Trestle  (2,  594  lin.  ft.)- 


Cost  per 
Total  cost        lin.  ft. 


Steel  erected,  2,594  lin.  ft $35,100.00  $13.53 

Columns  (18),  covering  2,094  lin.  ft 9,729. 18  4.65 

Small  piers  for  curved  trestle  (20),  500  lin.  ft 641 .  93  1 .  28 

Decking  500  lin.  ft 1,870.07  3.74 

Ties  and  fastenings,  covering  2,094  lin.  ft 1 , 627 .59  0. 78 

Walk  and  railings,  500  lin.  ft. 358.78  0.72- 

Temporary  tracks  for  unloading  2,594  lin.  ft 355 .89  0.14 

Rails  and  laying  2,594  lin.  ft 1,545.48  0.60 

Total $51,228.92  $19.71 


26  ft.  long  and  6  ft.  deep.  Each  base  is  reinforced  with  52K-in.  round  rods, 
which  radiate  in  all  directions  through  the  base  and  extend  up  into  the  shells 
for  a  distance  of  20  ft.  In  the  bottom  of  each  pyramid  the  rods  are  tied  to 
seven  old  rails,  which  extend  across  the  long  dimension  of  the  base.  At  a 
point  about  20  ft.  above  the  base  the  rods  are  attached  and  properly  dis- 
tributed around  two  horizontal  rings  in  the  shells.  Above  these  rings  other 
rods  are  spliced  so  that  the  reinforced  bars  extend  to  within  a  few  inches  of  the 
top  of  the  columns.    The  height  of  the  trestle  from  rail  to  sollar  is  42  ft. 

When  the  excavation  for  the  base  of  a  column  was  made  and  the  form  con- 
structed filled  the  carpenters  were  busy  constructing  the  form  for  the  next 
base.  In  a  short  time  after  one  base  was  completed  the  forms  could  be  moved 
to  the  next  excavation.  In  this  way  only  a  small  amount  of  lumber  was 
used.  Before  the  bases  were  completed  the  bridge  builders  were  on  the 
ground  and  were  ready  to  begin  placing  the  steel  shells  in  position.  For 
handling  the  heavy  sh^ls  a  railroad  track  was  laid  along  the  entire  length 
of  the  trestle. 

The  length  of  span  between  columns  is  114  ft.  Extending  19  ft.  each  way 
from  the  center  of  each  colunm  there  are  two  short  plate  girders,  each  38  ft. 
in  length.    Between  these  girders  there  are  two  other  girders  76  ft.  long. 

At  each  colunm  the  girders  rest  on  horizontal  8-in.  I-beams  supported  by 
four  braces  which  are  firmly  connected  to  the  columns  and  which  extend  down 
at  an  angle  of  45°.  The  plate  girders  are  made  up  of  angles  and  two  42  X  H- 
in.  plates.  The  distance  from  center  to  center  of  girders,  or  center  to  center 
of  tracks,  is  20  ft.  The  ^itire  length  of  the  parf  of  the  trestle  from  which  ore 
can  be  stocked  is  2,004  ft.  In  addition,  there  are  600  ft.  of  curved  trestle 
extending  from  the  shaft  and  connecting  with  the  trestle.  The  legs  of  the 
curved  part  are  built  up  of  angles  and  chann^,  and  the  stringers  are  channels 
and  I-beams.  On  top  of  the  I-beams  holes  are  provided  for  bolting  5-in. 
nailing  strips:  On  top  of  these  nailing  strips  are  spiked  a  5  X  7.-in.  sollar  to 
serve  as  ties.     The  40-lb.  rails  on  the  plate  girders  are  spiked  to  5-in.  sawed 
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ties  4  ft.  .in  length.  The  gage  of  the  track  is  30  ins.  On  the  outside  of  the 
girders  the  ties  are  bolted  to  4  X  4-in.  timbers  placed  snugly  against  the 
girders.  These  timbers  prevent  any  shifting  of  the  track  at  right  angles  to 
the  length  of  the  trestles.  To  prevent  the  ties  from  creeping  they  were 
attached  at  intervals,  by  hooked  bolts,  to  the  small  angles  inside  of  the  girders. 
Since  the  tracks  were  completed,  about  two  years  ago,  not  a  cent  has  been 
spent  on  them.     They  are  now  in  as  good  alignment  as  when  first  put  in. 

Table  X  gives  the  comparative  costs  of  wood  and  steel  trestles,  taking  the 
life  at  6H  and  at  20  years. 


TaBLB    X. COMPARATIVB    CoSTS    OP    WoOD    AND    StBBL    StOCKINO    TbXSTUBS 

6}i  years           20  years 
■  ■  .    .  Permanent  wood  trestle — — 

Original  coet,  500  ft.  at  $15 $7,500.00     $     7.500.00 

Ref>air8  and  renewals,  10  per  cent  per  year 4 , 875 .00         15 ,  000. 00 

Six  per  cent  compound  interest 4,692.29         30.798.02 

Total $17,067.29     $  53,298.02 

Temporary  wood  trestles 

Original  cost,  2,094  ft.  at  $6 $12,564.00  $12,564.00 

Repairs  and  rene walsr  20  per  cent  per  year . ; 16 .  333 .20  50 ,  256 .  00 

Erecting  and  dismantling  $1 .20  per  foot  per  year. . .  16 ,  333 .20  50 ,  256 .  00 

Six  per  cent  compound  mterest 14,063.33  122,822.09 

Total $69,293.73     $235,898.09 

Total  cost  wooden  trestles. $76,361 .02     $289, 196. 11 

^2,594-ft.  steel   stocking  trestle 

Ori^inalcost $51,228.92     $51,228.92 

Estimated  maintenance  cost 1 ,  300 .00  4 ,  000 .  00 

Six  per  cent  compound  interest 23 ,  949 .51       116 ,  867 .  78 

Total $76,478.43     $172,096.70 

Net  saving  of  steel  trestle 117.41       117,099.41 


Cost  of  Cantilever  Type  of  Reinforced  Concrete  Retaining  WaU. — ^Engineer- 
ing and  Contracting,  March  22,  1911,  gives  the  following  costs  of  fi  retaining 
wall  some  16  ft.  deep  and  250  ft.  long  built  under  contract  for  the  Saco-Pette 
Co.  at  Newton  Upper  Falls,  Mass.  The  two  types  of  retaining  wall  shown  in 
Fig.  9  were  considered  by  the  engineers  Lockwood,  Greene  &  Co.  who  esti- 
mated a  saving  of  some  $700  by  using  the  cantilever  type  with  an  estimated 
cost  of  $3,542.50.    This  type  of  wall  was  therefore  built  by  contract. 

The  gravel  and  sand,  which  were  of  ^coellent  quality,  where  hauled  from  a 
bank  about  on&-half  mile  from  the  site  of  the  work.  Because  of  the  large 
percentage  of  sand  in  the  gravel,  it  was  necessary  to  screen  all  of  the  latter* 
which  resulted  in  a  rather  higli  cost  for  this  material  of  $1.70  per  cu.  yd.  The 
number  of  yards  of  concrete  placed  is  based  on  the  actual  number  of  bags  oi 
cement  used,  the  figure  obtained  being  slightly  greater  than  that  figured  for 
the  wall  itself,  because  of  excess  concrete  placed  in  the  footings  over  and  above 
the  actual  cross  sections.  This  yardage  was  allowed  as  follows:  Actual  yards 
of  wall,  272.27;  bags  of  cement  used,  1,525;  yards  concrete,  based  on  cement 
sed,  277.27. 
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The  actual  costs  of  labor  and  material  indude  a  sand  floated  surface  which 
was  applied  to  the  wall  after  the  foims  had  been  removed. 
Materials: 

1,525  bags  cement  at  $1.70  per  bbl %    647. 13 

249.54  yds.  of  gravel  at  $1.70  per  yd 424 .  22 

124.77  yds.  sand  at  $0.60  per  yd 62 .  39 

16.5  tons  reinforcing  steel  at  $33  per  ton 544 .  50 

12,894  ft.  B.M.  lumber  at  $25  per  M.  ft 322. 35 

600  lbs.  wire  at  $4  per  100  lbs 24.00 

Labor: 

Superintendent,  14  days  at  $5.33 $       74. 67 

Foreman,  10  days  at  $4.00 40. 00 

Steel  helper,  4M  days  at  $2.50 11 .  25 

Steel  man,  2  days  at  $3.00 6.00 

Engineer,  11  days  at  $3.50 38.  50 

Carpenters.  200  days  at  $3.82 764 .  00 

Laborers,  171K  days  at  $2.00 343.00 

Masons,  7  days  at  $4.80 33 .  60 

Total  cost $3,336. 61 

Cost  per  yard 3336.61  -       $12.03 

277.27 
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Fig.  9. — Comparative  sections  of  plain  and  reinforced  concrete 

retaining  walls. 


Comparative  Cost  of  Plain  and  Reinforced  Concrete  Retaining  Wall. — 
J.  I.  Oberlander,  in  Engineering  and  Contracting,  May  19,  1915,  gives  the 
following  data  relative  to  the  construction  of  retaining  walls  along  the  banks 
of  the  Sandusky  River,  Tiffin,  Ohio. 

The  city  asked  for  bids  on  the  two  types  of  wall  shown  in  section  in  Fig.  9, 
the  total  length  of  wall  being  2,600  ft.  There  were  23  bids  submitted.  The 
lowest  complete  bid  on  the  plain  concrete  design  made  the  cost  of  this  type 
of  wall  $5.76  per  cubic  yard,  the  total  bid  being  $46,718.76;  while  the  lowest 
bid  leceived  for  constructing  the  relnfoToed  concrete  wall  was  $6.12  per"* 
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cubic  yard,  plus  2H  i^-  pei  pound  (or  the  steel  relntorcemeDt.  or  »  total  oF 
t3t,47e.OO.  The  contract  wu  awarded  tor  reJoTorced  walls.  The  total  Ud 
for  constructing  tlie  piain  CDOCTel«  wall  was  thuB  48  per  cent  note  tbso 
for  the  relntorced  wall. 

Considering  IT  of  tbe  bids  lecelved  lor  both  types  o(  wall,  the  average  price 
(or  plain  concrete  was  M.n7  per  cubic  yard,  wblle  the  average  prices  for  the 
reinforced  type  were  tT.4Sfl  per  cubic  yard  tor  concrete  and  i.TJ  els.  per  pound 
for  reinforced  steel.  The  average  bid  for  constructing  the  plain  coociete  wall 
was  thus  about  32  per  cent  more  than  for  the  reinforced  wall,  idthougb  tba 


Fio.  10.— Pli 


Is  theoretically  more  stable,  both  as  to  overturning  and  as  to 
sliding.  Moreover,  a  lilgher  grade  of  conraete  la  used  in  tbe  relnfoiced  wall. 
and  if  the  proportion  of  cement  had  been  tbe  sanie  In  both  w^ls  the  difference 
In  cost  in  favor  of  the  reinforced  concrete  type  would  have  been  at  least  7  per 

.    Cost  at  RcinfDTced  Concrete  Retaining  Wall  with  Rear  Anchoraf*. — It.  A. 

Boothe  gives  the  following  costs  in  Engtnesrlug  and  Contracting,  May  zo. 
1912.  for  constructing  WO  It.  of  relaioing  waU  Of  the  type  lUustrated  In  Pig.  10. 

The  wall  was  built  around  an  Island  about  10  ft.  from  the  bank.  The  apace 
between  the  bank  and  wall  was  afterwards  filled  up  with  dirt  taken  out  (tf  the 
beach  about  so  ft.  Iram  the  face  of  the  wall.  Normally  the  water  In  the  lake 
Is  about  ig  Ins.  below  tbe  top  of  the  waU.  but  to  da  this  work  the  lake  was 
drained  down  until  it  left  a  beach  in  frcoit  ol  the  wall  about  300  ft.  wide. 

When  tbe  walls  were  built  two  openings  10  It.  wide  were  left  In  each  lection 
so  that  the  dirt  could  be  hauled  tbiough.    The  backfill  was  a  landy  day  and 
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amounted  to  about  2,000  cu.  yds.  It  was  ploughed  and  hauled  in  No.  00  slip 
scrapers.  The  average  haul  was  150  ft.  and  cost  21  cts.  per  cubic  yard  includ- 
ing plowing,  teams  being  paid  50  cts.  per  hour. 

The  concrete  plant  consisted  of  a  H  cu.  yd.  Chicago  mixer  mounted  on  skids. 
The  material  was  hauled  about  1  mile  from  the  railroad  and  dumped  in  piles 
near  the  mixer;  from  there  it  was  wheeled  up  runwajrs  to  the  mixer  which 
was  fitted  with  a  batch  hopper,  and  from  the  mixer  it  was  wheeled  to  the  Job 
and  placed.  As  two  setups  of  the  plant  were  made,  one  in  the  center  of  each 
section  the  longest  haul  was  about  125  ft. 

In  placing  the  concrete  the  trench  was  dug  for  the  foundations  and  the 
concrete  and  steel  placed,  then  the  forms  were  placed.  These  were  built  in 
sheets  12  ft.  6  ins.  long  and  5  ft.  high,  and  were  made  of  K-ln*  tongue  and 
grooved  stuff  with  2  X  4-in.  uprights  on  2-ft.  centers.  The  forms  were  held 
together  with  wiring  and  two  rows  of  4  X  4-in.  walling  on  each  side.  The 
concrete  was  poured  in  50-ft.  sections,  and  forms  enough  were  built  for  two 
sections,  so  that  while  one  section  was  being  poured  the  carpenters  could  be 
working  on  the  next.  As  the  forms  were  wrecked  on  the  second  day  after 
pouring  it  was  necessary  to  put  the  laborers  to  digging  foundation  or  filling 
it  ahead  on  every  third  day  until  forms  could  be  built. 
.  This  work  was  started  Nov.  15,  1910,  and  was  finished  on  Jan.  3,  1911, 
during  fairly  cold  weather.  At  first  the  green  concrete  was  covered  with 
tarpaulins  and  heated  with  steam  from  the  mixer.  Two  rows  of  1-in.  pii)e 
were  used  on  each  side  of  the  wall  for  radiation,  but  this  was  not  fotmd  to  be 
very  satisfactory  as  about  450  ft.  of  wall  froze  for  a  depth  of  an  inch.  On 
nights  when  the  wind  was  blowing  it  was  impossible  to  keep  the  heat  under  the 
tarpaulins.  On  the  rest  of  the  wall  salt  was  used  and  no  trouble  was  exper- 
ienced. About  a  quart  of  salt  to  a  sack  of  cement  was  used.  The  salt  was 
thrown  into  the  mixer  and  mixed  with  the  concrete. 

The  costs  were  as  follows: 

Concreting  (281  cu.  yds.): 

1  engineer,  190  hours  at  30  cts $  57 .  00 

1  foreman,  200  hours  at  35  cts 70. 00 

8  laborers,  190  hours  at  20  cts 304 .  00 

Setting  mixer  resetting  and  removing  from  job 21 .  00 

Coal  and  oil 8 .  00 

Total $460. 00 

Cost  per  cubic  yard $1 .  64  -|- 

Forms: 

1  carpenter,  190  hours  at  30  cts $  57 .  00 

2  carpenters,  190  hours  at  25  cts 95 .  00 

2  laborers,  100  hours  at  20  cts 40. 00 

Totol ' -S192. 00 

Cost  per  square  foot  of  forms S     0. 024 

Cost  per  cubic  yard $     1.15 

Digging  the  foundation  ditch  cost  6  cts.  per  foot. 

Cost  of  Ozy-acetylene  Welding. — Engineering  and  Contracting,  May  24, 
1911,  publishes  the  following  hiformation  taken  from  Bulletin  No.  45  of  the 
Engineering  Experiment  Station  of  the  University  of  Illinois. 

Fig.  11  shows  the  welding  rate  and  cost  in  terms  of  length  of  weld,  section 
of  plate,  and  volume  of  filler  for  blowpipes  of  various  sizes.    The  cost  of  opera- 
tion rises  rapidly  with  the  thickness  of  plate,  reaching  possibly  $4  per  hour  f' 
labor  and  gas  on  H  in.  plates.    The  oxy-acetylene  blowpipe  is  best  adap' 
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to  plates  up  to  yi  in.  thickness.  The  welding  rate  is  nearly  constant  at  17.5 
sq.  ins.  of  weld  section  per  hour.  The  cost  of  welding  beveled  plates  may  be 
estimated  also  at  25  cts.  per  cu.  in.  of  filler  assuming  oxygen  at  3  cts.  per  cu.  ft. 
acetylene  at  1  ct.  per  cu.  ft.  and  labor  at  30  cts.  per  hour.  It  should  also  be 
noticed  that,  provided  this  rate  holds  for  any  type  of  grooved  joint,  if  the 
plates  were  grooved  from  both  sides,  the  cost  per  foot  of  weld  would  be  only 
half  that  for  plates  grooved  from  one  side  only,  because  the  required  amoimt 
of  filler  would  be  reduced  one-half. 


3foy^ptfie  number' 
Fia.  11. — Diagram  of  cost  of  oxy-acetylene  welding. 


Diagram  for  Computing  Paint  Values. — E.  O.  Johnson  gives  the  foUowing 
in  Engineering  News-Record,  April  7,  1921. 

In  Engineering  News-Record  of  Jan.  6,  Prof.  A.  H.  Sabin  discussed  the  ques- 
tion of  how  much  a  paint  user  can  afford. to  pay  for  paint  which  will  last,  say 
four  years  and  costs  $6  per  gallon  to  apply,  when  he  has  available  at  S3 .50 
per  gallon  another  paint,  which  also  costs  $6  to  apply,  but  which  lasts  five 
years.  The  chart  reproduced  herewith  enables  such  cost  calculations  to  be 
made  more  rapidly.  It  includes  the  three  factors  of  paint  cost,  labor  cost  to 
apply  the  paint  (both  In  dollars  per  gallon),  and  years  of  life.  Three  explana- 
tory diagrams  below  the  main  diagram  show  the  method  of  using  it  in  three 
different  calculations. 

In  the  first  example,  the  case  calculated  by  Prof.  Sabin  is  shown.  One  paint 
is  worth  $3.50  per  gallon,  costs  $6  per  gallon  to  apply,  and  will  last  five  years; 
then  how  much  is  a  gallon  of  paint  worth  that  lasts  only  four  years,  the  cost 
of  application  being  the  same?    At  the  intersection  of  the  horizontal  for  S3.50 
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paint  con  wltb  tbe  vertical  tbrougli  (6  labor  cost  (upp«r  Bcale),  tbe  dlaeon^ 
(which  Tepresents  cost  of  a,  gallon  of  paint  applied)  b  tollowed  down  to  where 
it  meets  tbe  slophig  line  repitsenting  five  years  of  life.  From  here,  tollowlni- 
back  tbe  horizontal  to  intersect  tbe  line  for  four  years  of  life,  tbe  total-cost 
dlaeonal  Is  followed  down  lo  Intersect  the  labor-cost  vertical,  giving  the  bori- 
zontol  line  SI.60,  which  Is  the  value  per  gallon  of  the  second  paint. 

In  the  second  small  diagram  the  problem  Is  worked  out  of  determining  how 
long  a  given  paiot  mikst  last  in  order  to  be  as  economical  as  another  paint,  for 
which  cost  and  length  of  life  are  known.  Following  through  the  lines  shown 
on  tbe  diagram,  it  will  be  found  tbat  a  lUe  of  3.47  years  should  be  expected  of 
tbe  cheaper  paint. 


Fio.  12.— Ch( 


Sometimes  computations  of  Justifiable  labor  cost  to  apply  paint  may  have 
to  be  made.  The  third  o(  the  small  diagrams  shows  such  a  calculation.  A 
13.50  paint  is  used  whose  spreading  rate  requires  a  man  Co  spend  $6  worth 
of  labor  tbne  to  apply  it,  and  It  is  customary  practice  to  repaint  every  five 
years.  It  Instead  a  cheaper  paint,  bought  for  tl.60  per  gallon  Is  used,  which, 
however,  requires  repainting  every  three  years,  it  may  not  pay  to  spend  as 
much  labor  in  applying  11.  The  calculation,  carried  out  as  Indicated  on  the 
diagram,  shows  that  not  over  t4.I0  labor  cost  per  gallon  should  be  spent. 

The  formulas  by  which  the  calculations  map  be  carried  out  are  noted  on 
tbe  diagrams.  Ordinarily,  however,  tbe  diagrams  themselves  will  be  found 
much  more  rapid  than  numerical  computation. 
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Comparative  Tests  of  Applying  Paint  by  Spraying  Machines  and  by  Hand. — 
The  following  data  are  taken  from  Engineering  and  Contracting,  Feb.  25. 
1920. 

The  infonnation  which  i^peared  in  Paint,  Oil  and  Drug  Review  was  ob- 
tained from  a  private  source  and  is  considered  as  fair  and  accurate  as  any 
individual  statement  can  be.  Everything  possible  was  done  to  make  the 
test  thorough  and  indicative  of  the  results  that  are  to  be  expected  from  sprAy- 
making  machines.    The  tests  were  made  in  government  buildings. 

The  machines  used  at  the  United  States  Naval  Hospital,  Sept.  17,  1919, 
consisted  of  a  4  h.p.  motor  with  a  large  air  tank  and  a  5-gal.  paint  tank.  The 
apparatus  operated  with  a  220-volt  direct  current. 

An  experienced  spray  brush  operator  started  the  spray  on  one  side  of  the 
building,  and  two  experienced  journeymen  painters  with  4H-in.  brushes 
started  on  the  other  side  of  the  building,  which  was  an  exact  dupUcate  in  shape, 
size  and  form  of  the  side  selected  for  the  spray  tests.  After  the  cylindrical 
end  of  the  building  was  completed,  which  was  about  one-fifth  of  the  area  of  the 
whole  building,  a  painter  entirely  unfamiliar  with  the  use  of  the  spray  gun  was 
shown  how  to  operate  it,  and  he  completed  the  tests,  including  all  walls  and 
roof  area.  In  this  connection,  it  is  apparent  that  a  very  short  period  of  time 
is  required  to  instruct  a  man  unfamiliar  with  the  use  of  the  spray  gun  with  its 
woridng.    Following  is  a  summary  of  the  data  obtained  from  the  tests. 

Wall  Txsts  (Extbriob) 

Area  of  Paint  Time,  Spreading     Time  to 

surface,  used,  1  man,      rate  per    coat  100  sq. 

Method  of  Application  sq.ft.  gal.  houts  gal.,  sq.  ft.     ft.,  min. 

First  coat: 

Machme 4,182  6.5             9H  570  13.5 

Brush 4,094  5.97  20  648  29.0 

Seoond  coat: 

Machine 4,182  4.3  lOH  863  15.0 

Brush 4,094  3.9  21  992  30.7 

In  addition  to  the  wall  tests,  data  were  obtained  on  the  coating  of  a  large 
area  of  the  roof  with  the  paint  spray  machine.  Nearly  9,000  sq.  ft.  of  area 
was  coated  with  22 H  gals,  of  paint  in  14  hours  by  one  man.  This  included  the 
time  of  mixing  the  paint,  placing  it  in  the  containers,  raising  the  machine  to 
the  roof,  etc.  It  should  be  noted  that  the  average  journeyman  painter,  work- 
ing on  wall  work,  will  do  about  200  sq.  ft.  an  hour  and  about  250  sq.  ft.  an  hour 
on  roof  work.  It  will  be  seen  from  the  preceding  table  that  the  journeyman 
painters  apparently  speeded  up  their  hand  brush  work,  as  they  were  very 
much  interested  in  the  test,  and  they  accordingly  made  very  much  higher 
averages  than  the  figures  just  given.    The  results  for  the  roof  test  follow: 


Method  of  Application 
Machine t  t .  r  r  - 

Area  of 

surface, 

sq.  ft. 

578 
..       578 

Paint 
used, 
gals. 

1.49 
1.35 

Time, 

1  man, 

hours 

Time  re- 
quired to 
Sinreading  coat  100  sq. 
rate  per             ft., 
gal.,  sq.  ft.       min. 

386               5.2 

Brush 

428             15.5 

The  paint  used  on  the  work  was  a  white  lead  paint,  the  materials  for  which 
were  furnished  by  the  Government  and  mixed  by  the  men.  It  was  tinted  with 
ochre.  The  first  coat  weighed  17.6  lbs.  per  gallon  and  the  second  coat,  20  lbs. 
Both  of  these  paints  were  easily  handled  by  the  spray  gun.    From  observa- 
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tionfl,  it  is  apparent  that  the  spray  gun  will  successfully  handle  paint  of  prac- 
tically any  weight  per  gallon. 

On  the  first  coat  all  cornices  and  trim  were  cut  in  with  the  spray  gun  on  the 
side  of  the  building  where  the  q;>ray  gun  was  used.  On  the  second  coat, 
however,  the  cornices  and  trim  were  cut  in  with  the  brush  to  be  sure  of  a  neat 
job,  and  the  time  for  this  .^rush  work  was  counted  in  as  spray  gun  time. 

Observation  of  the  character  of  finish  given  by  the  spray  vei^sus  the  hand 
brush  work  on  the  completed  first  coat  showed  a  slightly  more  uniform  film 
for  hand  brush  work.  On  the  second  coat  there  was  no  apparent  difference  in 
the  appearance.  Both  coats  dried  in  about  the  same  period  of  time,  whether 
appUed  by  spray  or  brush. 

In  the  roof  work  the  paint  tank  was  hoisted  to  the  roof  and  two  hose  leaders 
carried  from  the  spray  machine  located  on  the  ground.  Two  operators  could 
work  at  the  same  time  with  the  paint  tank,  which  was  fitted  with  two  spray 
guns.  The  paint  used  for  the  roof  work  was  a  red  oxide  of  iron  paint.  On^ 
one  coat  was  applied,  which  gave  very  good  hiding  power.  Even  in  this  work, 
which  was  done  on  the  roof  of  the  building,  subjected  to  strong  currents  of  air, 
there  was  apparently  not  very  much  loss  of  paint,  the  pebbled  roofing  showing 
probably  less  paint  loss  by  dropping  than  where  hand  brush  work  was  used. 
It  was  observed,  however,  that  the  overalls  of  the  painters  using  the  spray 
gun  became  somewhat  more  soiled  than  where  hand  brush  work  was  done. 

Another  test  was  made  at  General  Pershing's  Headquarters,  U.  S.  Land 
Office,  on  Oct.  3,  1919. 

This  test  was  conducted  with  a  modern  interior  lithopone  flat  paint  of 

cream  color  for  the  ceilings  and  light  buff  for  the  side  walls  of  a  series  of  rooms 

in  the  Land  Office  building.    Both  paints  weighed  14  lbs.  per  gallon.    In  the 

tests  upon  which  data  was  obtained,  one  room  was  done  by  two  painters  with 

brushes,  and  two  rooms  were  done  with  the  spray  gun  by  one  operator.    The 

rooms  were  on  the  second  floor  of  the  building.    The  machine  was  placed  in 

an  interior  court  yard,  with  hose  leaders  running  up  to  the  rooms.    The 

following  is  a  summary  of  the  data  obtained: 

Time  re- 
Spreading    qiiired  to 


Method  of  Area  of           Paint 

application  surface            used 
Ceiling: 

Machine 660  sq.  ft.   1 .  64  gals. 

Brush 250  sq.  ft.      .  50  gals. 

Walls: 

Machine 1 ,  490  sq.  ft.  4 .  75  gals. 

Brush 750  sq.ft.    1.25  gals. 


Time 
(1  man) 

1  hr.  50  mins. 

2  hr.  30  mins. 


3hr. 
2hr. 


30  mins. 
50  mins. 


rate  per 
gal. 

402  sq.  ft. 
500  sq.  ft. 

408  sq.  ft. 
600  sq.  ft. 


coat  100 
sq.  ft. 

16.5  mins. 
60.0  mins. 

10.8  mins. 

22.6  min.1. 


It  will  be  noted  from  the  above  chart  that  especially  good  results  were 
obtained  on  the  ceilings  with  the  spray  brush.  This  method  of  painting 
seemed  to  be  very  much  preferred  over  the  ordinary  method  of  application 
by  hand  brush.  The  ceilings  were  all  arched,  four  arches  meeting  in  the  cen- 
ter of  the  room.  The  side  walls  had  four  projecting  coliunns,  one  at  each 
comer,  and  between  the  tops  of  these  columns  and  the  arches  of  the  ceiling 
there  was  over  a  foot  of  school  cornice.  Each  room  also  had  a  chimney  pro- 
jection and  large  recessed  combination  windows.  The  surface,  therefore, 
was  not  of  the  ordinary  type. 

The  hand  brush  work  was  marred  by  streaks  and  in  places  the  covering  was 
poor.  The  spray  gun  work  was  much  better,  as  a  heavier  coat  of  paint  could 
be  appUed. 
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During  both  the  work  on  the  naval  hospital  and  on  General  Peishing's 
headquarters,  it  wa^  found  that  Yhe  journeymen  painters  did  not  seem  at  aU 
hostile  to  the  use  of  the  spray  gun.  In  fact,  after  they  had  become  accustomed 
to  it  some  of  them  became  very  enthusiastic  about  its  use,  stating  that  they 
were  less  fatigued  at  night  than  when  they  used  hand  brushes,  especially  on 
certain  types  of  work.  It  would  appear,  therefore,  that  journeymen  painters, 
after  they  have  had  a  little  experience  with  the  gun  would  become  enthusiastic 
regarding  its  use  on  certain  forms  of  their  work. 

Cost  of  Painting  Highway  Bridges. — Charles  D.  Snead,  In  Eng^eering  and 
Contracting,  March  26,  1919,  gives  the  following: 

Estimating  AmouM  of  Paint  Required. — Knowing  the  weight,  or  by  esti- 
mating the  weight  of  a  structure,  we  may  approximate  the  amount  of  paint 
required.  The  old  rule,  namely,  H  g&l-  of  mixed  paint  for  the  first  coat  and 
H  gal.  for  the  second  and  third  coats  per  ton  of  steel  give  fair  approximations. 
The  weight  of  light  steel  bridges  may  be  calculated  approximately  from  the 
following  formula  by  Kunz: 

W  -  (0.12  L  +  12)  (1.6  -  0.03B)  BL. 

W  »  weight  of  steel  in  pounds. 

L    »  length  of  span  in  feet. 

B    »  width  of  roadway  in  feet. 

Cost  of  Painting. — The  Cost  of  applying  the  paint  will  vary  due  to  different 
prices  paid  the  labor  and  the  same  is  true  with  regard  to  cleaning.  This  cost 
may  be  approximated  by  assuming  a  painter  to  cover  600  sq.  ft.  of  surface 
per  day.  Applied  to  gallons  of  paint  it  means  that  a  painter  will  apply 
about  lyi  gals,  of  paint  in  an  S^our  day  or  if  applied  to  tons  of  steel,  one 
painter  should  cover  about  three  tons  per  day.  This  approximation  will  be 
found  to  agree  fairly  closely  to  the  actual  cost  if  much  scaffolding  is  to  be  done. 
The  cost  of  cleaning  will  vary  still  more.  It  may  be  estimated  if  the  steel  is  in 
bad  condition  that  it  will  require  one  man  one  day  to  clean  a  H  ton  of  steel, 
while  if  there  are  places  which  may  be  skipped,  one  may  dean  a  ton  within 
the  same  period  of  time.  With  the  data  expressed  in  hours,  it  can  at  once  be 
referred  to  any  scale  of  wages. 

Cost  of  Painting  the  St.  Louis  Municipal  Bridge. — R.  D.  Spradling  gives 
the  following  in  Engineering  and  Contracting,  July  15,  1914. 

The  Mimicipal  Bridge,  which  spans  the  Mississippi  River  at  St.  Louis,  Mo., 
consists  of  three  main  double-deck  river  spans  and  a  long  approach  at  each 
end  of  the  structure.  Each  of  the  three  main  spans  has  a  length,  center  to 
center  of  end  pins,  of  668  ft. 

The  trusses  are  spaced  35  ft.  c.  to  c.  The  lower  or  railway  deck  carries  two 
tracks  13  ft  c.  to  c.  supported  by  four  stringers  connected  to  the  main  floor 
beams  which  are  plate  girders  7  ft.  9  ins.  deep.  The  upper  or  highway  deck 
consists  of  a  30  ft.  roadway  between  the  trusses  with  side  walks  6  ft.  wide 
cantilevered  on  the  outside  of  each  truss.  There  is  a  clearance  of  22  ft. 
between  the  base  of  rail  of  the  bottom  of  the  main  floorbeam  of  the  upper  deck 
and  the  base  of  rail  of  the  lower  deck. 

Paint  and  Painting. — The  spedfications  required  that  the  shop  coat  of 
red  lead  should  be  retouched  where  necessary,  and  that  in  doing  this  all  rust 
and  dirt  should  be  removed  by  scraping  thoroughly  and  brushing  with  wire 
brushes.  After  the  retouching  was  finished  a  coat  of  graphite  paint  was 
applied,  and  after  about  three  days  another  coat  was  applied.  At  first,  no  drier 
(except  that  used  in  mixing  the  paint)  was  allowed.  Later,  however,  when  on 
two  or  three  occasions  sudden  rains  had  washed  off  the  fresh  paint,  the  con- 
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tractor  was  permitted  to  use  a  small  amount  of  Japan  drier.  The  specifica- 
tions required  that  the  red  lead  should  be  04  per  cent  pure  and  that  30  lbs.  of 
red  lead  should  be  used  to  each  gallon  of  linseed  oil.  This  made  a  very  thick 
paint,  and  it  proved  to  be  excellent  for  retouching  rusty  places.  The  first 
coat  was  of  brown  graphite  and  the  second  was  black,  which  make  it  easy 
to  determine  whether  the  structure  had  been  thoroughly  covered  with  two 
coats.  The  paint  was  received  at  the  work  ready  mixed,  and  required  only 
a  small  amount  of  stirring  before  its  application. 

Very  little  dlflftculty  was  experienced  in  reaching  all  parts  of  the  structure. 
In  all  cases  where  scaffolds  were  swung  two  men  worked  on  a  scaffold,  and 
these  men  were  able  to  move  it  without  assistance.  One  man  was  detailed 
to  keep  the  men  supplied  with  paint,  although  at  times  two  men  were  required 
for  this  work.  The  most  difficult  part  of  the  work  consisted  of  painting  about 
12,000  sq.  ft.  of  cast-iron  grating  on  the  sidewalk.  As  the  apertures  in  this 
grating  were  about  1-in.  square,  the  use  of  brushes  proved  unsatisfactory  and 
small  swabs  were  substituted  for  the  brushes.  In  general  the  weather  condi- 
tions were  excellent. 

Co8i  of  Labor  and  Materiala. — Table  XI  gives  the  length  of  time  required, 
and  the  labor  and  material  costs  for  painting  each  of  the  three  river  spans. 

By  referring  to  Table  XI  it  will  be  noted  that  the  cost  of  labor  and  of  paint 
materials  is  not  far  from  the  same — $5,989.90  for  labor  and  $5,812.60  for 
paint  materials,  a  total  of  $11,802.50  for  the  13,775  tons  of  steel  in  the  three 
spans.  This  cost  does  not  include  any  overhead  exi>ense,  nor  does  it  include 
the  cost  of  paint  brushes  and  miscellaneous  items.  The,  contractor  used  450 
paint  brushes,  at  $1.60  each,  the  total  expense  for  this  item  being  $720.  The 
estimated  cost  of  miscellaneous  items  was  $100. 

The  great  variation  in  the  quantity  of  materials  used  and  in  the  cost  of 
painting  span  No.  1  and  spans  Nos.  2  and  3  was  due  to  the  fact  that  span  No.  1 
was  erected  first  and  had  been  subjected  to  wear  incident  to  the  erection  of  the 
other  two  spans.  On  spans  Nos.  2  and  3  the  painters  were  all  Greeks,  and 
they  proved  to  be  very  efficient  workmen.  They  were  cautioned  to  brush  the 
paint  out  thoroughly,  both  to  obtain  a  good  surface  and  to  insure  economy  of 
paint. 

The  total  amount  of  materials  used  and  the  average  amount  per  ton  are 
shown  in  following  tabulation. 

Item  Material  Total  quantity    Quantity  per  ton 

o«*«„«>,;«„  /red  lead 15,300.0  lbs.  1.11        lbs. 

Retouching  <uj^g^^jj g29.0    gala.       0.0457    gal. 

■!?;—♦  «-n,o*      / graphite  paint 1 ,833. 5    gals.       0. 133      gal. 

vast  coat      I Hnseed  oil 50. 0    gals.      0.00363  gal. 

Second  coat    graphite  paint 1 ,497. 83  gals.       0. 1088    gal. 

Cost  of  Wrecking  Buildings  of  the  Panama-Pacific  Exposition.  Wrecking 
by  Dynamite. — ^Engineering  Record,  Aug.  12,  1916,  gives  the  following: 

In  removing  the  structural  frames  of  the  several  buildings  it  was  first 
intended  to  pull  them  down  section  by  section  and  bent  by  bent,  by  means  of 
donkey  engines  and  the  necessary  winches  and  lines.  This  plan  was  aban- 
doned after  it  had  been  employed  to  some  extent,  and  the  frames  are  now  being 
razed  by  dynamite,  as  it  was  found  possible  to  do  this  with  but  little  more  loss 
of  material.  In  many  cases,  such  as  in  taking  down  the  domes  of  the  main 
palaces,  the  cost  of  dynamiting  is  less  than  1  per  cent  of  what  it  would  have 
been  if  the.  structures  were  dismembered  and  dismantled  by  hand. 
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The  umial  procedure  of  bringing  down  the  domes,  which  stand  162  ft.  high 
and  cover  an  area  of  102  ft.  square,  is  to  cut  the  dome  and  its  supporting  col* 
lunns  entirely  free  from  other  portions  of  the  structure  and  dynamite  the  two 
comers  on  the  side  toward  whidi  the  dome  should  fall.  Previous  to  the  fall- 
ing, all  of  the  walls,  studding  and  braces  are  stripped  from  the  skeleton,  leaving 
only  the  heavy  timber  columns  which  carry  the  weight  of  the  dome  proper. 
The  dome  itself  consists  of  s^mental  timbers  supported  on  a  circular  girder, 
which  in  turn  rests  on  four  trusses  each  carried  by  two  columns.  At  each 
comer  of  the  dome  there  Are  thus  two  columns,  each  consisting  of  four  12  x 
12-in.  timbers.  The  method  of  dynamiting  is  to  bore  each  timber  and  insert 
a  stick  of  dynamite  about  6  ft.  from  the  base,  connecting  all  eight  sticks  by 
wire  for  simultaneous  firing  by  battery.  Bringing  down  the  domes  this  way 
costs,  for  labor  and  powder,  about  $6.50  for  each  dome.  From  the  dynamited 
domes  about  60  per  cent  of  the  timber  in  the  trusses  is  salvaged  and  about  70 
per  cent  of  the  timber  in  the  columns. 

The  average  cost  of  salvaged  lumber,  in  the  yard  was  $5.50  per  thousand; 
the  value  of  this  lumber  varied  from  $5  to  $20  per  thousand. 

The  cost  of  recovering  steel  f.  o.  b.  cars  exposition  grounds  was  $10  per  ton; 
this  steel  could  be  sold  for  about  $16.25  per  ton. 

The  proportion  of  iron  and  steel  to  wood  salvaged  was  as  follows: 

In  domes — 1  lb.  of  metal  to  1  ft.  B.  M. 

In  other  than  domes — H  lb.  of  metal  to  1  ft.  B.  M. 

Wrecking  vfith  Oxyacetylene  Tarchts. — The  following  matter  is  from  Engi- 
neering Record,  Dec.  16  and  Dec.  23,  1916. 

In  wrecking  the  Palace  of  Horticulture,  the  General  Welding  <fe  Cutting 
Works,  which  purchased  the  structure  for  $6,000,  stripped  off  the  glass  and 
woodwork,  and  when  nothing  remained  but  the  steel  skeleton  used  oxyacetyl- 
ene torches  to  cut  it  down. 

The  dome  proper  was  150  ft.  in  diameter  and  100  ft.  high  above  the  support- 
ing arches,  or  175  ft.  from  floor  level  to  top  of  dome.  When  the  structure  was 
stripped  down  to  the  steel  skeleton,  four  men  equipped  with  life-belts  and 
oxyacetylene  torches  were  put  to  work,  starting  at  the  top  of  the  dcmie.  In  ten 
days  they  had  entirely  dismembered  the  dome  proper.  The  removal  of  the 
entire  steel  frame,  which  was  accomplished  by  a  crew  of  only  eight  men,  was 
completed  in  about  three  we^cs.  The  steel  totaled  about  600  tons  in  weight, 
of  which  350  tons  was  included  in  the  skeleton  of  the  dome  proper. 

The  plan  first  proposed  for  the  wrecking  involved  the  cutting  off  of  vertical 
members  so  that  the  circumferential  bands  would  fall  in  a  single  piece.  The 
Department  of  Safety  of  the  Califomia  Accident  Commission,  however, 
suggested  that  it  would  be  better  to  cut  out  sections  of  the  circumferential 
bands  between  uprights,  taking  one  section  at  a  time.  They  insisted  further 
that  the  workmen  should  be  provided  with  the  safety  belts.  It  was  pointed 
out  that  the  dismantling  of  the  structure  in  this  way  would  not  only  be  a 
safer  procedure  but  would  probably  involve  the  loss  of  less  material  due  to 
breakage. 

This  proved  to  be  the  case,  as  the  short  sections  which  were  allowed  to  fall 
were  comparatively  light,  and  it  is  estimated  that  not  more  than  2  per  cent  of 
the  steel  was  damaged  in  falling.  This  was  in  large  measure^owing  to  the  fact 
that  the  area  into  which  the  pieces  fell  from  the  dome  was  a  soft  earthfiU,  and 
the  fallen  pieces  were  removed  promptly  so  that  sections  falling  later  would 
not  strike  them.  Of  course,  the  members  of  the  supporting  frame  which 
could  be  handled  by  tackle  after  being  cut  free  were  taken  down  that  way.    As 
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a  result  of  the  precautions  to  safeguard  workmen  not  a  single  accident  was 
reported  on  the  work,  although  it  was  considered  an  unusually  high  risk. 

Wrecking  the  Tower  of  Jewels  is  said  to  have  cost  $25,000  including  insur- 
ance and  overhead.  This  structure  contained  1800  tons  of  structural  steel 
and  about  2,000,000  ft.  B.  M.  of  lumber,  but  its  435  ft.  of  height  considerably 
complicated  the  problem  of  economical  dismantling  in  a  way  that  would  not 
damage  the  salvable  material.  The  safety  of  workmen  was  also  considered 
an  Important  item.  During  erection  of  the  structure  there  were  three  fatal 
and  a  number  of  minor  accidents,  and  it  was  bdieved  that  the  woric  of  dis- 
mantling would  be  more  dangerous. 

Wrecking  operations  were  started  April  2,  1916,  and  the  last  standing  col- 
umn was  taken  down  Nov.  23.  During  this  time,  in  which  the  crew  on  the 
job  ranged  from  12  to  20  men,  neither  serious  nor  fatal  accidents  were  reported. 

The  wreckers  b^^an  at  the  top,  lowering  most  of  the  material  from  derrick 
booms.  The  steel  frame  was  unbolted  or  cut  with  acetylene  torch  where 
necessary.  The  columns  which  supported  the  arch  125  ft.  high  in  the  base 
of  the  structure  were  stripped  and  their  upper  jjarts  removed  so  that  the  height 
of  the  columns  which  it  was  finally  necessary  to  "fall"  was  only  00  ft. 

The  work  was  done  in  such  a  way  that  less  than  2  per  cent  of  the  structural 
steel  shapes  were  damaged  in  handling,  and  thus  the  major  portion  of  the  steel 
commanded  a  high  price.  The  resale  of  the  structural-steel  members  netted 
$65,000,  in  addition  to  which  the  major  portion  of  the  lumber  in  the  structure 
was  disposed  of  at  from  $10  to  $12  per  1,000  ft.  B.  M.  Most  of  the  steel  was 
sold  to  a  local  rolling  mill  which  manufactures  structural  shapes. 

Comparative  Cost  of  Wood  and  Coal  for  Construction  Plant  FueL — J.  R. 
Sherman  gives  the  following  comparative  data  in  Engineering  and  Contract- 
ing, April  8,  1914. 

Kachess  Dam,  which  was  built  in  1911-12  by  the  United  States  Reclama- 
tion Service,  is  located  at  the  lower  end  of  Lake  Kachess,  near  Easton,  Wash. 
During  the  construction  of  this  dam  both  coal  uid  wood  was  used  extensively 
as  fuel  on  practically  all  of  the  dirt  handling  machinery.  The  work  being 
located  in  a  heavily  timbered  forest  reserve,  wood  appeared  to  be  without 
question  the  cheapest  fuel  to  use,  since  no  charge  was  made  by  the  Forest 
Service  for  the  timber  so  used.  Twelve  mUes  from  Easton,  however  the  Ros- 
lyn  coal  mines  are  located,  from  which  a  large  part  of  the  bituminous  coal 
burned  in  the  northwest  is  mined. 

The  wood  used  was  cut  by  contractors  on  individual  contracts  for  $1  for 
16  in.,  $1.25  for  36  in.  and  $1.40  for  42  in.  wood  per  rick,  a  rick  being  4  ft. 
high  by  8  ft.  long;  the  only  requirements  being  that  the  wood  should  be  cut  as 
near  to  the  work  as  possible  and  piled  so  as  to  admit  of  easy  access  for  the  wood 
wagons. 

The  wood  was  distributed  to  the  various  machines  by  Qovemmeiit  forces, 
the  average  amount  hauled  with  a  team,  wagon,  driver  and  one  extra  man 
being  2)4  ricks  of  16  in.  wood,  2  ricks  of  36  ih.  wood  and  IH  ricks  of  42  in. 
wood.  The  length  of  haul  varied  from  a  few  hundred  feet  to  approximately 
one-half  mile,  the  roads  for  the  greater  part  of  the  season  being  in  good 
condition. 

Mine  run  coal  was  purchased  from  the  Roslyn  Fuel  Co.,  Roslyn,  Wash., 
the  contract  price  being  $2.76  per  ton  f .  o.  b.  Roslyn.  At  Easton  the  coal 
was  sacked  by  hand  and  hauled  by  team  and  wagon  from  Easton  to  the  works, 
a  distance  of  three  miles.  The  average  load  for  a  four-horse  team  was  three 
tons. 
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The  itemized  cost  of  the  coal  deliveied  at  the  Tniu>hinftH  is  given  below: 

Item  Per  ton 

Purchase  price $2. 75 

Ry .  freight,  Roelyn  to  Easton 0 .  37 

Freighting  from  Easton  to  camp 0. 90 

Sacking  and  storehouse  ezi>ense 0 .  38 

Distributing  at  camp 0 .  62 

Total $4.92 

The  iinit  cost  of  distributing  at  camp  as  shown  above  was  obtained  by 
dividing  the  total  cost  of  distribution  by  the  total  tons  used.  There  was  a 
large  amount  of  coal  used  that  did  not  have  to  be  distributed,  the  coal  being 
unloaded  near  the  tracks  so  that  the  dinkey  engines  used  to  haul  the  dirt  trains 
could  coal  up  from  the  storage  bins. 

A  comparison  of  the  costs  of  fuel  used  on  some  of  the  machines  during  the 
season  of  1912  is  given  in  Table  XII. 

Table  XII 

Cu.  yds. 
,  exca- 

vated 
Total  or       Cost  per 

Machine  Fuel  used cost        hauled     cu.  yd. 

Steam  shovel Wood,  16-in.,  36-in.,    $1 ,275.45  58,799  $0,022 

42-in. 

Steam  shovel Coal  1,023.36  82,918     0.012 

Lidgerwood  drag-line  excava- 
tor  Wood,  36-in.  902.40  38,709     0.023 

Lidgerwood  drag-line  excava- 
tor  Coal  324.72  19,596     0.016 

Dinkey  engine  shovel  run Wood,  1 6-in.  494 .  77  57 , 7 19     0 .  0086 

Dinkey  engine  shovel  run Coal  423 .12  72 ,  221     0 .  0059 

Dinkey  engine  excavator  run.  Wood,    16-in.  182.20  11,610    0.0157 

Dinkey  engine  excavator  run.  Coal  393.60  44.544    0.0088 

Steam  roller Wood,  16-in..  36-in.  275. 14  31,750     0.0087 

Steamroller Coal  300.12  77,673     0.0039 

It  should  be  stated  that  while  the  machines  were  using  wood  it  was  necessary 
to  keep  an  extra  man  employed  for  splitting.  On  the  dinkeys  and  steam  roller 
this  wood  splitter  was  not  used  all  the  time,  as  one  man  was  able  to  split  wood 
enough  in  8  hours  to  run  the  machines  16  hours.  On  the  steam  shovel  and 
drag  line  excavator  a  wood  splitter  was  employed  for  each  shift,  the  wages 
being  $2.20  for  8  hours'  work. 

The  steam  shovel  used  was  a  45-ton  Bucynis  with  a  IH  cu.  yd.  dipper  and 
was  used  to  excavate  the  finer  material  for  the  embankment,  working  in  a  pit 
approximately  1,300  ft.  long  and  with  an  average  depth  of  cut  of  20  ft. 

The  drag  line  excavator  was  manufactured  by  the  Lidgerwood-Crawford 
Co.,  and  was  used  to  excavate  gravel  for  the  embankment.  It  was  a  65-ton 
machine  with  a  70  ft.  boom  and  a  IH  cu.  yd.  Page  bucket. 

The  dinkey  engines  were  made  by  the  Vulcan  Iron  Works  and  were  oi)erated 
on  a  24-in.  gage  track  and  weighed  9  tons  each.  The  average  length  of  haul 
for  the  dinkeys  operating  on  the  steam  shovel  pit  was  1,000  ft.  and  the  average 
train  was  16  IH  cu.  yd.  cars.  The  length  of  the  haul  for  the  dinkeys  on  the 
gravel  run  was  about  3,000  ft.  and  the  average  train  consisted  of  12  IH  cu.  yd. 
cars. 

Approximately  12,000  cu.  yds.  of  the  steam  shovel  excavation  was  hauled 
by  teams,  which  accounts  for  the  difference  in  yardage  excavated  by  the  steam 
shovel  and  that  hauled  by  the  dinkeys  on  the  steam  shovel  run. 
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and  concrete,  cost  of . . . .   1106 
concrete    and    vitrified   pipe, 

cost  of 1107 

Culverts  and  highway  bridges, 

economic 1027 

concrete  arch  and  pip^,  cost 

of 1101 

under  caital,  cost  of 1103 
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Culverts  and  highway  bridges, 

economic  design  of 1099 

Curb  and  gutter,  concrete,  cost 

of  constructing 1020 

granite,  cost  of  laying 1024 

Curves     for     estimating     steel 

bridge  quantities 1031 

Cutting  off  concrete  piles,  cost 

of 1609 

submerged  piles,  cost  of 1506 

Cyclopean  masonry^  cost  of . . . .     246 


D 


Dam,  Corbett  Diversion,   Sho- 
shone Irrigation  Project 254 

cubic  yards  of  concrete  per 

foot  of 242 

East  Park,  Portland  Project, 

U.  S.  Re?'l.  Service 251 

gravity,  unit  cost  of  concrete 

on 247 

hollow  concrete,  cost  of 253 

Las   Vegas   arched   masonry, 

cost  of 249 

life    of    equipment    used    in 

building  by  hydraulic  fill .      260 
Lost      River      multiple-arch 

curved,  cost  of 249 

Moline  Pool,  cost  of  concrete 

core  wall 265 

small  concrete,   cost  of  con- 
structing       258 

Dams,   earth,   cost  of  concrete 

wave  protection 292 

estimates  of 242 

reservoirs  and  standpipes.  . .  .     236 
Damp-proof  timber  floor,   cost 

of 1585 

Depreciation  of  office  buildings.   1615 
Designs,  municipal  engineering, 

economic  considerations.  . .       29 
Disintegration  of  concrete  sur- 
faces, cost  of  prevention 234 

Dismantling     highway     bridge, 

cost  of 1056 

Ditcher  used   for  grading    and 

track-U^ing 1218 

loading  rails 1211 

Ditches,  cost  of  excavating  with 

dynamite 630 

drainage,  cost  of  maintaining.     632 
irrigation,  cost  of  cleaning. . . .     546 

cost  of  maintaining 549 

Ditching,     railway,     costs     of 

various  methods 1195 

Docks  and  wharves 1469 

Dome,  large  steel,  cost  of  erect- 
ing     1608 

Dragline  cableway  excavator  in 

gravel  dipping 1697 

excavating     for     aggregates, ' 

cost  of 1695 

Drainage,  ditch  excavation  with 

^  templet  excavators 623 

ditch  excavation  with  straddle 

ditch  excavator 625 

ditches,  cost  of  dredge  excava- 
tion      617 


Drainage  ditchee^  cost  of  main- 
taining       632 

excavating  with  dynamite    630 
ditching,    cost    of    operating 

wheel-type  excavators . . .     623 
draghne    work,     cost     of . . . 

627,  629,  630 

dredging  of  main  canals 622 

land,  types  of  equipment  best 

adapted  for 616 

pumping    plants     for 652 

econom:)r     of     steam    and 

electric 656 

tile,  cement 652 

drains 636,  648,  651 

underdrains 633 

Drains,  tile,  cost  of 636,  648,  651 

Drawbridge,  cable-Ufe,  cost  of. .    1153 
Dredge  excavation  for   drainage 

cStches 617 

Drill  holes  in  tunnels,  depth  and 

number  of 1362 

Drills  used  in  tunneling,  cost  of 

repairs 1366 

Dust    prevention    by    calcium 

chloride,  cost  of 877 

E 

Economic  considerations  in 
municipal  engineering  de- 
signs        29 

Economics,    comparative,    of 

trucking 152 

concrete  columns 1661 

engineering 1,    3 

excavation 180 

Efficiency  engineering,  appUca- 

tion  to  shoveling 183 

Embankment,    cost    of    raising 

using  a  steam  shovel 1193 

cost  of  riprapping  with  wire 

bags 1448 

Encasing  steel  structures  in  con- 
crete, costs  of 1672 

Engineering      and      inspection, 

street  and  sewer,  cost  of ... .   1619 
country  road  and  bridge  work, 

cost  of 1622 

Maine  highway  work,  cost  of.  1623 
Ohio  Highway    Department, 

cost  of 1623 

road  project,  cost  of, ... .  1620,  1626 
services,  schedule  of  charges 

for 1616 

sewage  disposal  plant,  cost  of.  1620 

small  towns,  cost  of 1620 

surveying,  and  overhead  costs  1616 

Engineers'  schedule  of  fees 1618 

Erecting  bridge,  cost  of 1058 

highway  bridge,  new  truss  and 

girder  spans,  cost  of 1056 

steel  dome,  cost  of 1608 

steelwork,  cost  of 1608 

structural  steel,  elevated  rail- 
way improvements 1166 

Erection,  cantonment  buildings, 

data  on 1603 

costs,    double    track    railway 

bridge 1135 
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Erection  steel  wwk,  data  on. .   1607 
Ekiuipment,  construction,  rental 

charges  for 132 

life  of.  used  in  building  dam  by 

hydraulic  fill 260 

Estimates,   cost,   making  rapid 

preliminary 6 

crib  pier  and  breakwata*  con- 
struction     1458 

brick  work 1568 

dams 242 

Estimating  carpenter  work,  unit 

hour  basis 1575 

costs     of     buildings,     rapid 

methods 1510 

concrete  buildings 1533 

daU 1516 

diagrams    for     materials    in 

standard  spans 1020 

£!stimating  carpenter  work  fac- 
tors   a    contracUM*    should 

consider 25 

how  to  estimate  by  the  square  1510 

main  features  of 15 

steel  bridge  quantities,  curves 

for 1031 

water   main   extension   costs, 

table  for 388 

Excavators,    cost    of    straddle 

ditch  excavator's  work. .  . .     625 
dragline  on  ditch  work,  627,  629,  630 
sewer,  cost  of  trenching  with.     665 
templet,  cost  of  ditch  excava- 
tion with 623 

wheel  type,  cost  of  drainage 

ditching 623 

Excavating,     aggregates,     with 

'  dragline,  cost  of 1695 

and     backfilling     trench     by 

machines,  cost  of 385 

swimming  pool,  cost  of 1667 

Excavation  economics 180 

pick  and  shovel,  rating  table 

for 180 


Fence  posts,  wood,  on  railways, 

cost  and  serviceability 1688 

Fences,  board,  three  tsrpes  of, 

costs  of 1689 

Filter  beds,  cost  of  rebuilding. .  485 

economic  sise  of 440 

sand,  cost  of  cleaning 498 

Filters,    operation    for    sewage 

treatment,  cost  of 765 

pressure  tjrpe,  operating  costs 

of 461 

required  sizes  in  water  works  322 

Filtration  plant,  cost  estimate  of  23 

plants,  cost  of 

449,  450.  452, 454,  455.  457, 458 
cost  of  concrete  construc- 
tion    481 

constructing 463,  481 

and  operating 441 

oj^erating  costs  of 489 

Finishing  concrete  surfaces  by 

various  methods,  cost  of . . .  232 


Fire  mains,  high  preMore,  eon- 

struction  costs  o€ 399 

IM'oteetion    insta  llstioas.     in* 

dustrial  plants,  cost  of. . .    1601 
percent  of  waterworics  plant 

chargeable  to 340 

service  system,  cost  ci  luc;h 

pressure 347 

Fixed  plant  charges 1660 

Floor,  ocmcrete  basement,  labor  * 

cost  of  lasring 1588 

slab,  ineiq;>en8ive   method   of 

testing  strength 217 

granolithic,  cost  m 1588 

power    house,    concrete    arch 

and  I  beam,  cost  of 1590 

timber,  cost  of  oamp-proctf . . .    1585 
Floors,    concrete,    cost    c^    re- 

siirfacing 1588 

balc<my.  cost  of 1590 

Flume,  leaky,  cost  of  repairing     562 
trestie  for  irrigation,  cost  of . .      661 
Form  work,  wooden,  cost  of  for 

reservoir 283 

Forms,  movable  wall 230 

reinfmtsed  concrete  construc- 
tion, labor  cost  of 226 

sliding,  demgn  and  costs  of, 

grain  storehouse 227 

steel,      reinforced      concrete 

watertower 304 

Formula,  bridge  span IIII 

erection  cost  <»  bridge  super- 
structure    1127 

timber  trestle  q>ans 1116 

Formulas,      steel      TtxA.      truss 

weights 1698 

Foundation,  caisson,  for  build- 
ing     1579 

work,  labcM*  cost  using  port- 
able plant 223 

Foundations,  dam,  cost  of  grout- 
ing      281 

deep,  relative  costs  of  various 

types 1576 

output  of  steam  pile  drivers 

on 1583 

Frame  houses,  liUl>or  cost  of  con- 
structing     1574 

residence,    cost   of   carpenter 

work 1574 

Freight  cars,    life  and   cost  of 

maintenance 1255 

cars,   natural  and  functional 

life  of 1258 

handing     wharves,    costs    of 

various  t^pes 1469 

Fuel,  construction  plant,  wood 

and  coal 1720 

G 

Galvanised  sheets,  prices  of . . . .      96 

Garbage,  {See  Refuse.) 
disposal 809 

Grading  and  tracklasring  with  a 

ditcher 1218 

equipment,  rental  charges 136 

railroad,  cost  of 1185 

street,  wiUi  steam  shovel. ...    897 
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Granolithic  floor,  coflt  of 1588 

Gravel  and  sana,  washed,  cost 

of 1693 

dipping,    operating    costs    of 

dragline  excavator 1697 

road  maintenance 913 

washing  plant,  operating,  cost 

of 1694 

Gravity  type  mixers,  output  of.     247 
Groin^  arch  roof  for  reservoir, 

c6st  of 282 

Grout  required  for  typical  aque- 
duct tunnel 1360 

Grouting  dam  foundations,  cost 

of 281 

Guard  rails,  wooden  and  con- 
crete, cost  of 1691 

Gutter,  brick,  cost  of  laying 966 

cobble,  cost  of 1025 

H 

Handling  stone  from  cars  by  slot, 

elevator  and  bin  method . . .   1700 

Hauling 139 

gravel,  motor  trucks  cheaper 

than  teams 160 

Hauling,  materials,  road  con- 
struction, portable  rail- 
ways for 178 

with  mules 144 

mules   versus   steam   tractor, 

road  work 159 

stone,  cost  with  traction  en- 
gine and  spreading  cars.  .     174 
High  pressure  fire  mains,  cost  of .     399 

service  system,  cost  of 347 

Highway  bridges  and  culverts . . .   1027 
bridge,  small,  cost  of  moving . .   1068 

steel,  cost  of 1064,  1091 

department,     Ohio,     cost     of 

engineering 1623 

improvements,   estimating 

costs  of,  pavements 890 

surveys,  cost  of 1630 

work,  Maine,  cost  of  engineer- 
ing    1623 

Highways,    $18,000,000    worth, 

divisions  of  cost 1623 

Hollow  concrete  dam,  cost  of ... .     253 

Horses,  health  efficiency  of 144 

Horse  trucking 148 

House,  concrete,  cost  of  stucco 

finish  for 1560 

Houses,  small,  comparative  costs 

for  1914,  1920  and  1921 .  .  .    1530 
Hydrants,  cost  of  repairing  by 

welding 404 

Hydraulic   fill  method   of  dam 

building,  life  of  equipment.     260 

I 

Incasing  steel  pipe  with  con- 
crete, cost  of 407 

Incinerators,  high  temperature, 

operating  cost 838 

Indexes,  price 34 

Industrial  railway,  roadbuilding, 

cost  of 177 


Inspection  and  engineering  on 
street  and  sewer  construe-^ 

tion,  cost  of 1619 

Iron  and  steel,  prices  of 98 

Irrigation 508 

canal,  cost  of  lining  with  con- 
crete. .   537,  539,  541,  542,  544 

cost  of  enlargement 525 

check  dehvery  structure,  con- 
crete, cost  of 578 

construction,  cost  of 582 

ditches,  cost  of  cleaning 

546,  547,  548 

cost  of  maintaining 549 

scarifier  used  to  loosen  dirt.  524 
drops,     reinforced     concrete, . 

cost  of 575 

earth  reservoirs,  small,  cost  of  613 

flume,  cost  of  repairing 562 

^  trestle,  cost  of 561 

pipe  lines,  cost  of  laying  and  . 

construction 555 

concrete,  cost  of  manufac- 
turing    557 

pipes  for  farms,  cost  of . . . .  551 

project,  cost  of  reporting  on. .  511 

pumping  plants,  cost  of 610 

small,  selection  and  cost. . .  593 

Irrigation,  spray,  cost  of 587 

structures,  cost  of  wooden  and 

concrete 564 

life  of 570 

wells,  cost  of  drilling  equip- 
ment    614 

wooden  pipes  and  flumes,  cost 

of 559 

works,  cost  of 508 

cost  of  constructing 514 

J 

Jacketing    bridge    substructure 

with  concrete,  cost  of 1069 

Jetties,  cost  of  rebuilding 1449 

Joints,  cast  iron  mains,  cost  of 

cement 402 

poured   and   lead   wool,    effi- 
ciency of 402 

L 

Labor  in  building  trades,  output 

and  cost  of 1533 

saving  devices  in  maintenance 

of  way  work 1229 

Land  drainage 616 

reclamation,  cost  of  sea  wall. .   1466 

Iteskd,  pig,  prices  of 87,  94 

Loaders,     mechanical,    cost    of 

loading  gravel  by 1701 

Loading  rail  from  road  bed  to 

cars,  cost  of 1211 

ditcher  used  for 1211 

time  tests  of 1210 

Location  of  mountain  roads,  cost 

of 1631  ,1637 

Locomotive     repairs,     renewals 

and  depreciation,  cost  of .  .  .    1251 
Locomotives    and    freight    cars, 

cost  of  in  1918 1253 

Lumber,  wholesale  prices  of . . . .       .72 
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Macadam,  aaphahic,  coat  o€  cod- 

atruction 917.  923.  929 

pavemott,  coat  of  eonstruct- 

ioK 904 

remoTinc  reworidoc  aad  re- 
laying, coat  o€ 925 

renewing  sitrfaee 909 

roada,  coat  of  mamtenanee. . .     910 
riiapins  up  and  roUioc.  eoat 

o€ 909 

waUu,  coat  c^  resurfaciiic 1008 

Maintenance  anchored  and  un- 

anchored    track,    coat     of  1227 

city  owned  teama,  coat  o€ 139 

frdcbt  cars.  Ufe  and  coat  <rf. . .    1255 
railway,     increased    by    fast 

passenger  trains 1228 

tettck,   dragline   bucket   used 

for 1195 

treated  ties 1201 

of    way    work,    labin*   saving 

devicea  ior 1229 

work,  equation  c^  track  valuea 

for 1171 

Maaonry   and   carpenter   work, 
for   church  building,   costs 

•of 1560 

Material,  determination  of  unit 

prices  of 107 

Materials,  building.  1921  costs  of  -1526 
Mattresses,  brush,   cost  <^  for 

river  bank  protection 

1428,  1443 

plank,  cost  of 1441 

Measuring  base  lines,  cost  of . . .   1625 
Metal   lathing   and   plastering, 

cost  of 1594 

Metals,  wholesale  prices  of 69 

Meter     installations,     outdoor, 

cost  of 353 

reading,  cost  of 355 

repairs,  cost  of 356 

Meters,  effect  of  on  consumption 

of  water 357 

number  read  per  man  per  day  354 
Mixer,  asphalt,  cost  of  operating  921 
Mixers,  pneumatic,  operation  of  218 
Mixing  and  placing  concrete  by 

hand,  cost  of 1556 

concrete,    batch,    continuous 

and  hand 995 

reducing  labor  cost,  982 
Motor  trailers  for  contractors* 

use 171 

trucking 147 

truck     operation,     economics 

and  costs  of 160 

trucks,  distribution  of  operat- 
ing costs 174 

Moving  small  highway  bridge, 

cost  of 1068 

Mules,  hauling  materials  with. .     144 
Multiple-arch  curved  dam,  cost 

of 249 

N 
Nails,  wire,  prices  of 102 


OU  bvMT  for 

IB  dr«ai 215 

Opentiag  ezpesse 1600 

Ore,  stocbag,  comparative  costa 

of  wpod  aad  steel  treaties.  .    1706 
Boats,      coatractor'a 
frooi     five     yeau- 

1659 

anrveying     and     engineering 

1616 


P 

Paint,  appiaring.  spray  and  hand 

teata 1714 

vahiea,  eompotiag  diagram  for  1712 
Painting  highway  bridges,  coet 

of 1716 

St.    Looia   Monicqial  bridge. 

coat  of 1716 

Partitiona.  metal  lath,  coat  of. .    1594 

Pavenoent,  asphalt  blodi.  cost  of    936 

brick  paving,  cost  of  toothing    968 

concr^e  bonus  system  for  . . .     982 

crew  organisaticm  for 975 

reinforced,  cost  of 986 

grouting  granite  block,  cost  of  999 
macadam,  cost  of  constructing  904 
monotithic  brick,  labor  cost  on  958 
output  of  gang  laying  concrete 

base 993 

Pavement,  removing,  cost  of . . .     998 

sheet  asphalt,  cost  of 940 

cost  of  removing 1006 

wood  blo<^  cost  of 1001 

Pavements,  brick,  cost  of  »*inne 

up  for  trench 965 

cost  of  grouting 962 

cutting,  cost  of 1007 

estimating    cost    of   lu^way 

i  mprovemeats 890 

granite  block,  coat  of  redress- 
ing      998 

Paving  brick,  cost  of  leaning. .     966 

labor' hour  requirements 953 

repairs,  aaphalt,  cost  of 948 

Pedestal  concrete  piles,  cost  of. .   1585 
Pier,    bridge,    cost    6L   building 

cofferdiam  for 1133 

timber,  cost  c^  pile  bents  for .    1491 
Piers  and  abutments,   viaduct, 

labcu- cost  of 1131 

pile,     timber     and     concrete 
decks,     Hfe,     cost     and 

maintenance  of '  1484 

steamship,  cost  of 1477 

terminal,  cost  of . .   1472 

Pile  driving,  high  recmds  of   . . .    1505 
drivers,  steam,  output  of  on 

foundations 1583 

small,    tor    putting    down 

fence  posts 1691 

Piles,  concrete,  cost  of  cutting 

off 1509 

pedestal,  cost  of 1583 

creoBoted,  life  of 1504 

Panama-Paoifio      Exposition, 

cost  of  driving 1504 
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Piles,  premoulded  oonorete,  coet 

of  making  and  sinking.. .  1507 
Raymond,  rapid  driving  of. . .  1685 
sheet  and  bearing  for  dock, 

cost  of 1494 

foundation  and  marine,  cost 

of  driving 1499 

treating  with  arenorius  car- 

boUneum,  cost  of 1687 

submerged,  cost  of  cutting  off  1506 
Piling,  concrete  and  wood,  cost 

of 1581 

durability  of  untreated  above 

water 1503 

Pipe  bending,  cost  of  by  machine     405 
cast  iron,  diagrams  of  cost  per 

f  oot 380 

concrete  for  irrigation,  cost  of 

manufacturing 557 

irrigation,  cost  of 551 

line,  steel,  maintenance  of .  .  .      377 

wood  stave 409 

cost  of  repairing 423 

lines,  underground,  cost  of  re- 
location survey 1639 

sewers,  cost  of 687 

steel,    cost    of   incasing    with 

concrete 407 

weight    and    miscellaneous 

data  on 375 

wooden,  cost  of  for  irrigation .     559 

Pipes,  service  life  of 424 

Placing  concrete  with  tower  and 

chute,  labor  costs  of 1556 

Plans  and  road  surveys,  cost  of . .    1630 
portable,     foundation     work, 

labor  costs 223 

valuation,    determination    of 

unit  prices  of  materials . . .      107 
Plastering    and    metal    lathing, 

cost  of 1594 

Plate-girder  bridge,  unit  cost  of 

constructing 1066 

Plow,     snow,     coet     of     snow 

removal 885 

Portland  cement,  prices  of 90 

Power  house,  reinforced  concrete 

of 1546 

Price  indexes 34 

levels,  past  and  future 34 

Prices  and  wages 34 

beams 102 

cast  iron  pipe 77 

common  brick 90 

copper 94 

galvanized  sheets 96 

iron  and  steel 98 

lead 87,  94 

Portland  cement 90 

reinforcing  bars 88 

spelter 94 

steel  and  wrought  iron  pipe ...       84 

bars 100 

structural  shapes 89 

tank  plates 102 

tin  plate 96 

vitnfied  sewer  title 91 

water  for  btiilding  purposes.  .    1610 
wholesale,  important  commo- 
dities     68  to  112 


Prices,    wholo^e  lumber  and 

building    materials 72 

metals 69 

wire  nails 102 

Protection,  bank  and  shore 1428 

Pumping,  cost  of  with  gasoline 

engines 607 

plants,  drainage  .^ 652 

economy     of     steam     and 

electric  for  drainage 656 

irrigation,  cost  of  selection 

of 693,  610 

Pumps,     brake     horse     power 

required  for 602 

centrifugal,  capacities  of 596 

double .  acting,  single  piston, 

capacities  of 598 

small,  coet  of 603 

R 

Rail,  relaying,  time  tests  of . . . .   1221 

renewing,  cost  of 1220 

weights,  economic 1168 

Railroad  signal  protection,  cost 

of 1241 

surveys  in  Bolivia,  cost  of ... .   1636 
extcinsive,      methods     'and 

costs 1631 

water  softening  for 1258 

Rails,  handling  cost  in  relaying 

cut  by  turntable 1223 

Railway  bridges 1111 

buildings     of     concrete    and 

brick,  cost  of 1625 

ditching  by  various  methods, 

cost  of 1196 

Railway  bridges,   location  sur- 
vey for  short  line,  cost  of . . .   1637 
maintenance  cost  increased  by 

fast  passenger  trains. . . .  1228 

raib,  cost  of  unloading 1207 

switches,  unit  costs  for 1224 

track  reconstruction,  cost  of . .   1 172 
Rapid  transit  lines,  approximate 

costs  of 1166 

valuation,  prices  used  in,  1173,  1184 

Ration  hst,  a  tropical 1703 

for  construction  camp 1702 

Raymond    concrete    foundation 

piles,  rapid  driving  of 1585 

Reduction  plants,  cost  of  oper- 
ating      848 

Reforesting     Wachusett    reser- 
voir, cost  of 1704 

Refuse,  collecting  and  incinerat- 
ing, cost  of 843 

collection  cost  of  motor  truck 

operation 813 

and  reduction,  cost  of 850 

and  removal,  city 817 

collecting,  hauling  and  trans- 
porting       809 

destructor,      operating     with 

steam 846 

disposal  by  incineration,   re- 
duction  and    feeding   to 

swine 823 

annual  operating  record.  .  .     845 
economic  methods  for  vari- 
ous sised  cities 821 
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Sand  and  gravel,  washed,  cost  of  1693 
bin,  reinforced  concrete,  cost 

of  a 1666 

Scarifying  macadam  road,  rate 

of 912 

Scraper  for  backfilling  trenches.  386 
Sea-wall  for  land  reclamation, 

cost  of 1466 

repointing  with  cement  gun, 

cost  of 1454 

Service  pipes,  life  of 424 

Setting  tanks,  cost  of  cleaning . . 

503.  506 
Sewage,    activated    sludge   and 

Imhoff  process,  costs  of 

779,  781,  784 

power  costs 781 

cleaning  catch  basins 805 

disposal  plant,  cost  estimate  of  21 

cost  of  engineering  on 1620 

filt^^,  economics  of 758 

operating  trickling,  cost  of.  763 

treatment 753 

disinfection,  cost  of 754 

operating  contact  beds,  cost 

of 769 

placing  ashes   for   filtering 

material 770 

plant,  cost  estimating  for. .  777 

plants,  cost  of 753 

cost  of  earthwork,    filter 

and  drains 776 

sand  filtration,  cost  of 768 

works,  cost  of 772,  778 

Sew^r,  brick  and  concrete,  cost 

of  construction 733 

cost    of    constructing    under 

compressed  air  in  tunnel  1307 

cleaning,  cost  of 746 

concrete,  labor  cost  of 716 

8  ft.,  cost  of 701 

construction,  cost  of 678 

concrete,  miscellaneous 

costs 723 

deep  trenching   with   Carson 

machine,  cost  of 668 

laige  concrete 709 

mixing  and  placing  concrete 

by  hand 719 

maintenance  cost  of 746 

outlet,  cost  of  tunnel  in  clay  . .  1335 

pipe,  concrete,  cost  of 700 

storm,  3  ft.  labor  costs  on 732 

6  ft.,  cost  of 704 

tile  and  concrete,  cost  of 722 

trench    excavation,    progress 

with  machines 672 

trenching,  cranes  and  buckets, 

cost  with 673 

deep,  cost  of 671 

excavator,  cost  with 665 

machine,  progress  and  time 

of  force 673 

tunnel  in  hard  rook,  cost  of . . .  1306 

Sewers 665 

average  cost  of 676 

brick  and  concrete,  cost  of . . .  737 

bricklaying,  cost  of 724 


Sewers,  concrete,  labor  costs  on .  701 

pipe,  cost  of 687 

reinforced  concrete,  cost  of .  . .  720 

valuation  and  depreciation  of  748 
Shafts  in  rock  and  earth,  labor 

costs  of 1280 

Shed,  cotton  storage,  cost  of .  . .  1526 
Sheet  piles,  treating  with  arenar- 

ius  carbolineum 1687 

Sheeting,  sewer  trench 676 

steel,  weight  of  for  cofferdams,  1109 

trench 1499 

Shoveling,    application    of   effi- 
ciency engineering  in 183 

Shovels,  economic  choice  of  for 

construction  work 192 

Sidewalk,  cement  tile,  cost  of .  . .  1010 

cost  of  constructing 1017 

cutting  edge  of,  cost  of 1019 

grading  and  constructing,  cost 

of 1013 

Sidewalks,  output  of  gang  con- 
structing    1016 

Signal,  protection,  railroad,  cost 

of 1241 

Signals,    interlocking,    when   to 

install 1238 

Siphon,   concrete,   cost   of,  Los 

Angeles  aqueduct 360 

Siphons,  concrete,  cost  of,  U.  S. 

Reclamation  Service 364 

Slab   designs,    relative   cost   of 

different 1560 

Slip  scraper,  cost  of  unloading 

crushed  rock  by 1699 

Snow  removal 879 

cost  of 882 

motor  trucks  for 887 

operating  costs  of  tractor.  . . .  885 

rotary  plow  for,  cost  of 885 

rollers,    costs    of    breaking 

country  roads 889 

Snowsheds,  timber,  life  and  cost 

of 1251 

Spelter,  prices  of 94 

Stadia  surveys   of   50,000  acre 

flood  control  basin,  cost  of.  1651 
Stadium,  concrete,  Palmer  Mem- 
orial, cost  of  the 1664 

reinforced  concrete,  cost  of .  .  .  1663 
Standpipe,  concrete.  300,000  gal. , 

cost  of 310 

steel,  2,500,000  gal.,  cost  of . .  313 

Youngstown,  Ohio,  cost  of . . .  312 

Standpipes,  concrete,  cost  of ... .  300 

reservoirs  and  dams 236 

steel,  Massachusetts,  cost  of . .  311 

Steam  railways 1 166 

Steam  shovel,  analysis  of  costs 

and  methods  of  work 199 

shovel  car  loading  with 1196 

street  grading,  with  cost  of. .  897 
shovels,    number    of    wagons 

required  for  hauling  from ...  145 
Steamship    piers,    Philadelphia, 

Pa. ,  costs  of 147*^ 

Steel  and  iron,  prices  of 9 

and  wrought  iron  pipe,  prices 

of 8 

bars,  prices  of 10 


